
1 ISSN 2783-6339

http://www.cyseni.com/


2 

ORGANIZED BY 

Chair of the Scientific Committee  

Chair of the Organizing Committee 

Dr. Sigitas Rimkevičius

1 Simona Breidokaitė 

IN COOPERATION WITH 

INTERNATIONAL SCIENTIFIC COMMITTEE 

Dr. Robertas Alzbutas Lithuania Dr. Artjoms Obushevs Switzerland 
Dr. Kristina Amalevičiūtė-Volungė Lithuania Habil. Dr. Florentin Paladi Moldova 
Dr. Karolina Barčauskaitė Lithuania Prof. Panos M. Pardalos USA 
Prof. Sten Bergstrom Sweden Dr. Bernhard Peters Luxemburg 
Prof. Dr. Habil. Ralf Ebinghaus Germany Dr. Alessandro Petruzzi Italy 
Prof. Bjørn C. Hauback Norway Dr. Virginijus Radziukynas Lithuania 
Dr. Luis E. Herranz Spain Prof. Finn Ravndal Norway 
Dr. Girmantė Jurkšienė Lithuania Dr. Sigitas Rimkevičius Lithuania 
Dr. Inga Konstantinavičiūtė Lithuania Prof. Andres Siirde Estonia 
Prof. Pierre-Etienne Labeau Belgium Dr. Nerijus Striūgas Lithuania 
Prof. Myriam Lazard France Dr. Vita Tilvikienė Lithuania 
Dr. Aleksandrs Ļvovs Latvia Dr. Monika Vilkienė Lithuania 
Prof. Dr. Habil. Vytautas 
Martinaitis 

Lithuania Dr. Akvilė Viršilė Lithuania 

Dr. Darius Milčius Lithuania Dr. Victor A. Zhovtyansky Ukraine 
Dr. Anna Mutule Latvia 

CYSENI 2022, May 24-27, Kaunas, Lithuania 
ISSN 2783-6339, www.cyseni.com  
Publisher: Lithuanian Energy Institute

https://www.lei.lt/person/robertas-alzbutas-en/
https://www.zhaw.ch/en/about-us/person/obus/
https://lammc.lt/en/contacts/contacts-and-details/1922/c384/viewcv
https://sites.google.com/site/fpaladi/
https://lammc.lt/en/contacts/1904/c398/viewcv
http://www.ise.ufl.edu/pardalos/
http://smhi.diva-portal.org/smash/person.jsf?pid=authority-person%3A44334&dswid=6965
https://wwwen.uni.lu/recherche/fstc/research_unit_in_engineering_sciences_rues/members/bernhard_peters
https://www.leuphana.de/en/institutes/insc/persons/ralf-ebinghaus.html
http://www.davidpublisher.org/Public/uploads/file/20151126/20151126172816_14803.pdf
http://www.mn.uio.no/fysikk/english/people/aca/bjorh/index.html
https://www.lei.lt/person/virginijus-radziukynas-en/
https://www.ciemat.es/portal.do?TR=C&IDR=334
https://www.cp3-origins.dk/people/ravndal-finn/
https://lammc.lt/en/contacts/1904/c435/viewcv
https://www.lei.lt/person/sigitas-rimkevicius-en/
https://www.lei.lt/person/inga-konstantinaviciute-en/
https://www.etis.ee/Portal/Persons/Display/75d74bf0-8ad4-4e41-a14b-b44a6566cbfb?tabId=CV_ENG
https://www.ulb.be/fr/pierre-etienne-labeau-1
https://www.lei.lt/person/nerijus-striugas-en/
https://orcid.org/0000-0002-7282-2279
https://www.lammc.lt/en/contacts/contacts-and-details/1922/c798/viewcv
https://ortus.rtu.lv/science/en/experts/7922
https://lammc.lt/en/contacts/contacts-and-details/1922/c784/viewcv
https://vilniustech.lt/55246?search=3152&job=5464
https://vilniustech.lt/55246?search=3152&job=5464
https://lammc.lt/en/contacts/contacts-and-details/1922/c498/viewcv
https://www.lei.lt/darbuotojas/darius-milcius-en/
https://www.nas.gov.ua/EN/PersonalSite/Pages/Contacts.aspx?PersonID=0000004343
https://fei-web.lv/en/research-areas/sgrc


3 

Dear Colleagues, 

The International Conference of Young Scientists on Energy and Natural Sciences Issues 
(CYSENI 2022) has been organized already for the 18th time since 2004, which became an 
annual tradition. We are very proud to bring together talented young scientists to participate 
in the 18th CYSENI conference. We expect that this will contribute to exchange of ideas, 
improved knowledge of young researchers, development of their acquired abilities and 
contribute to increasing level of exercised research activities. The initiative for such an event 
came from young and enthusiastic researchers of Lithuanian Energy Institute (LEI). They 
realised that there are a lot of young, smart and science-oriented young people and they do 
need a place to share their views, generated ideas and present the latest research results.  

This year, Lithuanian Energy Institute with partners from the Lithuanian Research Centre 
for Agriculture and Forestry, the Center for Physical Sciences and Technology as well as 
RTO Lithuania continued a partnership in co-organizing the CYSENI 2022 conference. This 
partnership allowed us to expand the topics of the conference and maintain a high number 
of participants – more than 150 from around 20 countries. 

The conference once again has brought together young researchers and scientists to discuss 
recent trends in energy and natural sciences sectors worldwide. We are pleased that young 
scientists further found the conference valuable to present their up to date research results 
and share scientific experience.  

We thank all the contributors who made this conference possible. This includes all people 
from scientific and organising committees. We would like to thank all participants for their 
contributions to the Conference and submission of their research papers. Moreover, special 
thanks to Keynote speakers – Olga Sumińska-Ebersoldt, Marcos António Nogueira, Shulan 
Zhang, Viktorija Vaštakaitė-Kairienė, Gintaras Valušis, Wojciech Królas and Darius 
Milčius. 

Sincerely,  

Conference Organizers 
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The recent geopolitical developments show that Europe must become independent in terms 
of energy supply, which can only be achieved through intensive use of renewable energies. 
This process will help to speed up the reduction of greenhouse gas emissions and increase 
local added value if carried out efficiently. 

There are studies indicating the potential of renewables in Europe to be sufficient to supply 
enough energy for European countries (EWG-LUT_Full-Study_Energy-Transition-
Europe.pdf (energywatchgroup.org). Renewable energy can also be generated outside and 
transported to the EU. However, adequate infrastructure (including energy storage) to meet 
the needs of all sectors, including heat and electricity for industry, households, and transport 
exclusively with renewables is not yet in place. 

To reach the goal of the European Clean Energy transition, the energy storage in Europe has 
to be widened and modernized to enable flexible and cost-effective usage of the renewables. 

The H2020 project StoRIES addresses these issues by creating a Pan-European eco-system 
for energy storage providing: 

• free-of-charge access to 64 most advanced research infrastructures working in energy 
storage (electrochemical, chemical, mechanical, thermal, superconducting-magnetic, cross-
cutting) and linked topics 

• schooling and training possibilities on the topics regarding the energy system technologies, 
their combinations at different levels (hybrid energy storage), their integration in the energy 
system and the resulting sustainability aspects 

• cooperation and knowledge exchange on the barriers and gaps in the energy storage and 
overall energy system 

• new approach focusing on the applications and solutions and braking the technology silos 

StoRIES wants to build up a long-lasting eco-system and this is not possible without young 
scientists being active in gathering and sharing the knowledge, the skills and the 
understanding of the global energy and climate problems.   
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Our Smart Community approach is not only technical, it is a European governance matter, 
which needs to be addressed. We are approaching a triple transformation, digital, ecological 
and social. And we need new ways to organize ourselves. We need to make Europe stronger, 
we need to co-develop in all three dimensions. Smart Communities are our response and 
solution to take care of our people and nature. We also need a public digital environment, 
where they can be placed, to co-develop solutions and to interact, and a freedom of 
entrepreneuring. With this framework, we can start to close digital divides, using the 
amazing part of digital proximity. For this we need skills and resources, like the AURORAL 
middleware, to become digital prosumers and to adapt our system. We also need investment, 
to balance and ensure that our solutions are not fractioned, but interoperable. Europe’s digital 
sovereignty and security is of high importance. To ensure those, we need to helps rural 
ecosystems and use territorial intelligence. Europe needs to be a common economic space, 
a freedom of cooperation, and needs a reform of governance. The problem we face is the 
vast fractioning of our funding opportunities, the lack of opportunities for common and joint 
projects, the missing saleability of solutions. We need more room for regions to act and 
interact, a freedom of action and a new treaty. We have free movement in Europe, but not 
for the digital sector. We face many blockages yet to fully persuade the digital, ecological 
and social transition we need.  

The H2020-AURORAL project addresses these challenges and makes small solutions big. 
The reference architecture enables free movement and interoperability, the investment 
platform and interest group of Smart Tomorrow brand enables regions to joint and cooperate. 
European policies need to do better in the aspect of digitalisation. And services need to be 
accessible for the communities, no matter where they are located, not only in the cities where 
the access is much better that in the rural areas. Because for the establishment of digitalised, 
better and smarter communities, the regions should be the scale, not the member states.  

We need a common standard for the governance of the regions, because the national scale it 
so big to address and consider out challenges. Regions have to be autonomous on the digital 
side. Therefore, we need to come together, to work together and to co-design our solutions. 
This is what the SmarTomorrow European Interest Group does to rebuilt European 
Governance and to reform it.  

Because we all have the common dream of a free, united and independent Europe.  
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Due to the pressure of water scarcity and population growth in arid and semi-arid regions, 
improving crop yield and water use efficiency (WUE) is critical. Here we discuss the 
attainable WUE of dryland wheat and maize and management strategies in the China Loess 
Plateau. Under different management practices wheat yield was between 818 and 
7900 kg/ha, the WUE was between 3.4 and 23.4 kg/(ha *mm), and the attainable WUE was 
26 kg /(ha *mm),. The yield of maize varied from 1.12 to14.6 Mg/ha, the WUE varied from 
2.8 to 39.0 kg/(ha *mm), and the attainable WUE was 45 kg /(ha *mm),. The yield and WUE 
were the highest under plastic film mulching, and the lowest yield and WUE under no-till or 
conventional tillage conditions. Nevertheless, regional meta-analysis found that partial-film 
mulching and full-film mulching had similar yields and WUE. Besides crop variety, soil 
fertility and nutrient management also impacted crop yield and WUE. For both wheat and 
maize, the changes in yield and WUE were mainly related to the changes in the proportion 
of soil evaporation to total evapotranspiration (ET) and changes in the proportion of ET 
before and after anthesis. In conclusion, closing the yield and WUE gaps of the dryland 
wheat/maize on the Loess Plateau requires the integrated management practices, including 
variety, soil fertility, nutrient management, reasonable mulching measures (e. g. tillage) etc. 
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Global climate change intensifies droughts, rainfall variability, and extreme frost or heat 
waves. The unpredictable weather conditions lead to uncertain crop yield and economic 
losses. To obtain fresh and high-quality vegetable production and have economic benefits, 
more leafy greens are produced in vertical farming systems. In the climate-controlled 
environment, the natural sunlight and soil are not required, and the high quality of crops can 
be achieved by controlling carbon dioxide concentration, temperature, air velocity and 
moisture content, parameters of artificial lighting and composition of a nutrient solution, and 
refusing the use of chemical plant protection products. The electric lighting sources are used 
to illuminate the plants indoors. The environmentally-friendly technology of light-emitting 
diodes (LEDs) has recently gained popularity due to the indisputable advantages over 
fluorescent and high-intensity discharge lamps. Light parameters can be selected to stimulate 
plant photoreceptor activity, ensure healthy growth, enhance desired nutritional attributes, 
and maintain the quality during storage. In the world, and Lithuania, the most of the studies 
were conducted to evaluate the effects of the LED lighting spectrum, intensity and 
photoperiod on the development or growth characteristics or accumulation of nutrients, 
having health-promoting properties for humans, in leafy vegetables (microgreens, lettuces, 
spinach and basil plants etc.). 
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Semiconductor chips are essential components of all smart electronic devices. Operational 
principles will be discussed and main parameters will be considered. The particular focus 
will be dedicated to chips employment for terahertz (THz) imaging aims, when, under 
special design and excitation conditions, the operation range can exceed the cut-off 
frequency. Obtained images and applications will be presented. 
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An ambitious Research Roadmap to the Realisation of Fusion Energy is being pursued in 
Europe. Its final aim is to provide the basis for an electricity-generating fusion power plant. 
In the short to medium term, the key research infrastructure is the ITER project, a worldwide 
endeavour, which will demonstrate the scientific and technological feasibility of fusion on 
Earth. It is closely followed by a demonstration fusion power plant DEMO (under design), 
which will be the first reactor producing electricity from fusion to the grid. 

The International Fusion Materials Irradiation Facility – DEMO Oriented Neutron Source 
(IFMIF-DONES) is a research infrastructure for testing, validation and qualification of the 
materials to be used in DEMO and successive fusion power plants. It is based on a unique 
neutron source with energy spectrum and flux similar to those expected on the first wall of 
a D+T fusion reactor. It will also develop a high-current high duty-cycle accelerator 
technology and liquid metal target technology. I will discuss the need for studies and 
validation of materials subjected to the harsh radiation environment of fusion devices and 
present the conceptual design of IFMIF-DONES. Last but not least, I will also describe the 
research opportunities in other scientific areas, such nuclear physics, medical applications, 
basic physics studies and industrial application of neutrons offered at IFMIF-DONES 
beyond its standard program of material studies. 

This work has been carried out within the framework of the EUROfusion Consortium, 
funded by the European Union via the Euratom Research and Training Programme (Grant 
Agreement No 101052200 — EUROfusion). Views and opinions expressed are however 
those of the author(s) only and do not necessarily reflect those of the European Union or the 
European Commission. Neither the European Union nor the European Commission can be 
held responsible for them. 
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Hydrogen fuel cells are widely considered as a promising power system for stationary and 
mobile applications in recent years. Hydrogen fuel cells have the potential to a future 
sustainable energy system and could contribute to the total decrease of CO2 emission. 
Though, hydrogen has a high calorific value and its reaction by-product is water, expensive 
and complex technological methods for hydrogen production and storage must be included. 
Hydrogen can be extracted by means of various methods including biological process, photo-
electrochemical methods, coal gasification, water electrolysis and hydrolysis. The main 
emphasis in the presentation will be focused on R&D activities at Lithuanian Energy 
Institute, presenting the latest activities and results on hydrogen production using direct 
reactions between plasma modified aluminum and water, development of metal hydrides for 
hydrogen storage and applications in biogas enhancement. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Wind energy has many advantages, including, for example, being a 100% natural, renewable 
and sustainable energy, the optimization of their maintenance process is essential, for this, 
several research projects have been developed aimed at detecting and diagnosing faults in 
wind systems. These new diagnostic techniques impress with their online functionalities, 
speed and precision. Our objective is to contribute to the diagnosis and predictive detection 
of mechanical faults affecting these wind systems based on electrical generators widely used 
for the production of electrical energy. For this, a laboratory investigation has been carried 
out by means of an experimental setup for the study of these faults, taking into account the 
diagnostic information required by the vibration analysis technique and the different signal 
processing methods, the number and importance of the faults that can be detected and the 
degree of certainty in the final diagnosis. Experience has shown that vibration analysis is a 
reliable tool for detecting and diagnosing wind turbine faults. This technique has high speed 
and precision to anticipate the fault, in this way, it can be included in a maintenance program 
using automation and artificial intelligence. 

METHODS 

This experimental research work has been particularly directed to the vibration signature 
analysis [1] in order to contribute to extract correctly and reliably the information relating to 
the failure of degradation caused by combined mechanical defects. For this, we 
experimentally and volitionally created two mechanical defects on a generator and collected 
a database of the vibration signal.  

The consecutive application of the Fast Fourier transform (FFT) along with the discrete 
wavelet transform (DWT) [2] has the essential objective of reconciling the advantages of 
spectral and temporal signatures in favour of predictive detection and exact reading of the 
mechanical defects affecting the wind systems for different speeds [3]. 

The unbalance will induce, in a radial plane, a vibration whose spectrum has a component 
whose base frequency corresponds to the frequency of rotation fr. It then represents the 
highest peak with lower amplitude peaks on the harmonics of fr, this is determined by the 
following equation: 
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 f unbalance = 1 x fr.  (1) 

Poor tightening of the machine structure generates vibrations and some noise. The typical 
spectrum measured on a machine in which there is a game contains a large number of peaks 
at frequencies that are multiples of the rotational frequency. It is also sometimes possible to 
find peaks at the ½ harmonic (1/2 x the rotational frequency of the shaft) and its multiples. 
 f loosening = 1/2 x fr.  (2) 

The wavelet transform is an advanced technique allowing the predictive detection of 
anomalies altering an electrical machine in stationary and variable mode through the signal 
processing of the supply current (generator). It makes it possible to make a significant 
improvement in the early diagnosis of degradations of an electric machine under stationary 
and variable conditions [4]. The wavelet theory indicates that each signal S (s1, s2... sn) can 
be approximated by the sum of an approximation signal and with some signals detail dj 
according to the following formula. 
 ,  (3) 

where: 
α, β are the scales and coefficients of the wavelet. 
ψn ,ψ j are respectively the decomposed function at level n and the wavelet function at 
level j. 
n is the level of decomposition, an is the approximation signal at level n, dj is the signal 
detail at the level n. 

RESULTS 

Fig. 1 represents respectively the spectra of the generator vibration in the healthy state and 
in the presence of combined faults: unbalance fault in the shaft and a loosening fault. 

It can be seen that the frequencies characterizing the repetitive shocks due to faults stand out 
clearly (signal in red) at the frequency of 20 Hz and 40 Hz, corresponding to the fault 
frequencies validated by the application of theoretical equations 1 and 2 when the speed of 
the generator is 2400 RPM. 

The presence of other peaks is only linked to problems of anchoring, assembly, machining, 
etc. 
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Fig. 1.  FFT vibration of healthy and degraded generator for 2400 RPM 

The DWT is applied to the experimental signals, Fig. 2 shows the healthy signal associated 
with the 6-level DWT. It should be noted that the signals of levels (details) show no 
significant variation apart from the initial oscillations corresponding to the healthy state. 

Fig. 2.  DWT approaches for healthy generator 

Fig. 3.  DWT approaches for degraded generator 

The DWT of the generator vibration in the degradation case carried out intentionally is 
represented in Fig. 3. A significant increase over the healthy state occurs in the energy of the 
higher level signals of the d3 details and d4 for the lower speed than 2400 RPM. The 
respective oscillations of these signals are different as soon as the state of the generator goes 
from the healthy to the degraded state. 



17 
 

CONCLUSIONS 

This article focused on an experimental study conducted on the detection of mechanical 
degradation in order to reliably and quickly determine the faults shown in Figs 1, 2 and 3, 
for that FFT and DWT were applied simultaneously for analysis of vibration processing.  

The experimental results obtained on a test bench may contribute to the reflection of an 
automated system that would be able to ensure a reliable diagnosis and predictive detection 
of anomalies affecting the elements of the wind power plant at variable speeds. 

Keywords: Wind power plant, vibration analysis, diagnosis, data acquisition 
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EXTENDED ABSTRACT  
 
 

OVERVIEW 

As society moves towards a more sustainable world, using only renewable energy sources 
becomes important. The hydro-energy is one of the renewable energy sources, and it is 
divided into kinetic and potential resources. Hydrokinetic energy is extracted from running 
water without creating dams in rivers. Hydro potential energy is absorbed by the construction 
of dams in the river beds. The kinetic resources of Lithuanian rivers are about 40 kW from 
1 km of the river [1]. However, they are not currently in use, but we have about 100 
hydropower plants with a total capacity of 130 MW [2]. It is important to know how these 
resources will change in the future. Using various climate models and emission scenarios, 
hydrological modelling is applied to determine these changes. It is also important to assess 
the uncertainties of the projections. Uncertainties can arise for various reasons, such as the 
accuracy of the initial data, the assessment methodology used, and the choice of climate 
model and scenarios. The aim of this study is to assess the uncertainties in projections of the 
kinetic and potential hydro resources of rivers in Lithuania. The studied uncertainty sources 
are related to the choice of climate models and scenarios. 

METHODS 

According to the river runoff regime, Lithuania is divided into three hydrological regions: 
Western Lithuania, Central Lithuania, and South-Eastern Lithuania [3]. The river runoff is 
the main characteristic that is necessary to assess the uncertainties of hydro-energy 
resources. It is appropriate to select different rivers from each region for this study. 
Therefore, from each hydrological region, we selected three rivers that had hydrological 
measurements (Bartuva, Jūra and Minija from Western Lithuania, Venta, Dubysa and Mūša 
from Central Lithuania, and Šventoji, Žeimena and Merkys from the hydrological region of 
South-Eastern Lithuania). Five hydropower plants (Skuodas HPP, Balskai HPP, Kuodžiai 

mailto:gintaras.adzgauskas@lei.lt
mailto:darius.jakimavicius@lei.lt
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HPP, Dvariukai HPP and Kavarskas HPP) were selected for the uncertainty analysis of 
potential resources.  

The main steps of this research methodology are presented in Fig. 1. In the first step, the 
climate model data under optimistic (RCP2.6) and pessimistic (RCP8.5) scenarios were 
adapted for the Lithuanian territory by applying the quantile mapping method. For this 
purpose, three climate models were developed by leading climate research centers in Europe 
(ICHEC-EC-EARTH – Ireland; MOHC-HadGEM2-ES – United Kingdom; MPI-M-M-
MPI-ESM-LR – Germany) were selected. In the second step, the HBV model developed at 
the Swedish Meteorological and Hydrological Institute [4] was applied to model river runoff 
in the near (2021–2040) and far future (2081–2100). In the third step, the projection of 
kinetic [5] and potential [6] riverine energy was made according to the empirical equations: 
 𝐾 = 𝜂

𝜌

2
𝑣3𝐴𝐷

𝐵𝐿

20ℎ2
;  (1) 

 𝑣 = 0.43𝑄0.25𝑘0.53𝐼0.4; (2) 

 𝐵 = 8𝑄0.30𝑘0.08𝐼−0.2;  (3) 

 ℎ = 0.29𝑄0.45𝑘0.39𝐼−0.2;  (4) 

 𝑃 = 7𝛥𝐻𝑄,  (5) 

where K is the hydrokinetic capacity, W, η is the device power coefficient, ρ is the fluid 
density, kg m−3, v is the average flow velocity, m s−1, AD is the device swept area, m2, B is 
the average river bed width, L is the segment length, m, h is the average bed depth, m, 𝑄 is 
the average annual discharge, m3 s−1, k is the modular discharge coefficient, I is the bed 
slope, P is the hydro potential capacity, kW, EP is the potential generation, kWh, ΔH is the 
height of the HPP dam head, m, Q is the monthly discharge (m3 s−1). 

In this study, the uncertainties of hydro-energy projections arise from the selection of climate 
models and RCP scenarios. All possible combinations of uncertainty sources were made to 
identify two main sources of uncertainty. Uncertainty was assessed in three steps: 1) the 
kinetic and potential energies for each model and RCP scenario were calculated; 2) the 
difference between the lowest and highest result was estimated; 3) using the ratio method, 
the contribution of each model and scenario to the final result was evaluated. More 
information on the application of the HBV model to project Lithuanian river runoff [7] and 
the methodology of estimation of hydro-energy resources is presented in our previous 
research [8–9]. 
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Fig. 1. The main scheme of the research 

RESULTS 

Before estimating the uncertainties of hydropower projections, an analysis of the runoff 
projections under different climate models and scenarios was performed. For this purpose, 
runoff projections for one of the investigated rivers are presented. The runoff projections of 
the Merkys River are very different (Fig. 1). The largest deviations from the historical period 
are expected according to MOHC-HadGEM2-ES, smaller according to ICHEC-EC-EARTH 
and the smallest by MPI-M-M-MPI-ESM-LR. Assessing the deviations by scenario, it was 
found that smaller differences were obtained under the RCP2.6 and larger under the RCP8.5 
scenario.   

 

Fig. 2 Runoff projections of the Merkys River in the near (a) and far (b) 
future according to different climate models and scenarios.  
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Using calculated projections of river runoff, the hydro-energy resources were evaluated 
according to formulas (1 – 5). Then the impact of climate models and RCP scenarios on 
hydro resource projections in the different hydrological regions was determined. The 
analysis demonstrated that the uncertainty in river kinetic resource projections for the 
Western Lithuanian hydrological region was mainly caused by the choice of the climate 
model (70% of the uncertainty in the near future and 82% in the far future) (Fig. 2a). 
Meanwhile, the lowest spread of results was for the RCP scenarios (30% in the near future 
and 18% in the far future). In Central Lithuania, the influence of climate models drops to 
64% in the near future and 68% in the far future. By contrast, the impact of RCP scenarios 
was 36% in the near future and 32% in the far future. In the South-eastern hydrological 
region, the influence of climate models was 62% in the near future, and 54% in the far future, 
and the influence of the RCP scenario was 38% and 46%, respectively.  

 

Fig. 3. Uncertainties in hydrokinetic (a) and hydro potential (b) resources 
projections in the near and far future. 

The uncertainty in the prediction of hydro potential resources in the Western Lithuanian 
hydrological region significantly depended on climate models, ranging from 62% in the near 
future to 75% in the far future (Fig. 2b). The impact of RCP scenarios on the uncertainty 
was almost twice as small as that of climate models, at 38% in the near future and further 
reduced to 25% in the distant future (Fig. 2b).  

In the Central Lithuanian hydrological region, the influence of climate models on the 
projection of hydro potential resources was 66% in the near future and 71% in the far future. 
The other part of the uncertainty was due to the scenarios. The smallest influence of climate 
models was in the South-Eastern hydrological region, 56% in the near future and 60% in the 
far future. The impact of the scenarios became the highest of all the hydrological regions, 
with 44% and 40%, respectively.  

We estimated that the influence of climate models on the uncertainty of kinetic and potential 
resource projections is highest in the hydrological region of Western Lithuania, slightly 
lower in the hydrological region of Central Lithuania, and the lowest in the hydrological 
region of South-Eastern Lithuania. The reason for these tendencies is the different conditions 
of runoff formation in three hydrological regions. In the rivers of Western Lithuania, the 
runoff formation is significantly influenced by rain, which contributes to up to 62% of the 
runoff; and groundwater feeding is a minor contributor. In the South-Eastern hydrological 
region, the influence of rain on runoff formation decreases, and the contribution of 
groundwater feeding increases to 55%. Therefore, the prediction of river kinetic and 
potential resources in the Western Lithuanian hydrological region is more sensitive to the 
precipitation provided by the climate models as compared to the other two hydrological 
regions.   



22 
 

CONCLUSIONS 

1. In the uncertainties in hydrokinetic and hydro potential resource projections, the 
impact of climate models in the near and far future was up to 70% and 82%, 
respectively, whereas in the case of RCP scenarios, up to 30% and 18%, respectively. 

2. The greatest influence of climate models was in the hydrological region of Western 
Lithuania and the smallest – in South-Eastern Lithuania. This was due to different 
runoff formation conditions: a higher proportion of runoff being formed by rain in 
the Western Lithuanian hydrological region and predominant groundwater feeding 
in South-Eastern Lithuania. 

Keywords: uncertainty, hydro-energy, RCP scenarios, climate models. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Climate change is encouraging countries to consider alternatives to fossil fuels [1]. One such 
alternative is wind power. Currently, Lithuania generates about 14 % of its annual demand 
using wind energy. However, this is too low to meet the European Union's target of at least 
32 % renewable energy by 2030 [2], [3]. To estimate how much energy could be generated 
to the maximum possible extent, the Intergovernmental Panel on Climate Change (IPCC) 
reports need to be taken into account, as well as the projected future wind change and the 
locations where wind energy development is possible. 

The following objectives are intended to be addressed by this study. First and foremost, a 
suitable location for wind farm development must be identified. Second, using the SSP2-4.5 
climate change projection, analyse the impact of climate change on energy output throughout 
the next 40 years (2021–2060). Finally, consider how much electricity might be generated if 
wind turbines were installed in all permissible places in Lithuania, as well as if this would 
assist Europe to reach its renewable energy targets. 

METHODS 

Lithuania has a legal regulation in place that sets out where wind energy development is 
allowed. Based on the regulations, it has been calculated that the area with no restrictions 
covers 23 949 km2. For this study, a wind turbine manufactured by ENERCON E-101 has 
been selected with the following parameters: height of 99 m, swept area of 8012 m2, and cut-
in and cut-out wind speed of 3 m/s and 25 m/s, respectively [4]. 

The study was carried out using one out of 5 Shared-Socioeconomic Pathways (SSP) 
scenarios. This scenario is SSP2-4.5. The name of the scenario indicates that the radiative 
forcing will reach 4.5 W/m2 by the end of the century [5]. For this scenario, three models 
have been selected for use: MPI-ESM-LR (Max Planck Institute for Meteorology Earth 
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System, MPI), HadGem2-ES (the Hadley Centre Global Environmental Model, HAD) and 
IPSL-CM5A-MR (Institute Pierre Simon Laplace, IPSL).  

The wind speed in the forecast models is given at the height of 10 m, so in order to calculate 
the maximum potential energy, this speed had to be converted to the wind speed at the height 
of the selected turbine. The potential of wind energy in the country was calculated using this 
equation [6], [7]: 

 𝑃 =  
1

2
𝐶𝑝𝜌𝐴 (𝑉0 ∙ (

ℎ

ℎ0
)
𝛼
)
3

  (1) 

where: P – wind power, W, Cp – power coefficient of a turbine (dimensionless), ρ – air 
density (1.225 kg/m3 is the standard value and is assumed in this study [6]), A – rotor swept 
area, m2, V0 – near-surface wind speed, m/s, h – specified height, m, h0 – near-surface height, 
m,  α – wind shear exponent, 1/7 in this study [7]. 

Enevoldsen et al. suggested a method to calculate the number of turbines that could possibly 
be installed in a selected region [8]: 
 𝑁 =

𝐴

𝑠2∙𝑑2
  (2) 

Where N – number of turbines, A – available area, m2, s – mean wind turbine spacing density 
in Europe (4.4 in this study, dimensionless), d – rotor diameter, m. 

RESULTS 

The analysis of available space shows that Lithuania could accommodate up to 12 023 wind 
turbines of the size described. This would allow the country to produce up to four times more 
energy than it consumes. 

Over the next 40 years, electricity production in wind farms in Lithuania is expected to 
change similarly for each one of the models. According to the MPI model, the following 
decade should be the most energy-efficient. Both the HAD and MPI models project similarly 
unfavourable outcomes. The IPSL and MPI models expect a drop in energy generation 
between 2031 and 2040. However, the HAD model predicts a minor gain at that time. 

The analysis shows that MPI is the most favourable model among other models for wind 
energy over the next 40 years. In this model, the coastal region will account for the largest 
share of wind power (up to 55 GWh in the 2021-2030 decade), while the south-eastern part 
of the country will account for the least. Here, the lowest production will be recorded 
between 2031 and 2040 and could reach up to 20 GWh per decade with the wind turbine 
described earlier.  

The most unfavourable model for wind energy is the IPSL. A case study of this model 
showed that wind energy production could not exceed 25 GWh in any given decade. It would 
also produce the lowest amount of energy in the north-eastern part of the country, around 12 
GWh per decade, compared to the other models. 

CONCLUSIONS 

The new projections for wind power generation in Lithuania have been investigated. Two 
out of the three scenarios suggest a reduction in future energy production. This indicates that 
energy output will be lower than anticipated throughout the wind power plant's development. 



26 
 

The maximum number of wind farms in Lithuania demonstrates the potential for the 
significant improvement of the country's power output from renewable energy sources in the 
future. 

Keywords: Climate change, wind energy, projections, renewables, shared-socioeconomic 
pathways. 
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Abstract  

Nature suffers from the dangerous effects and lack of fossil energy resources such 
as oil, coal, and natural gas. Thus, the reason why sustainable renewable energy 
generation gained significant consideration. To replace harmful fossil fuel 
resources with clean, safe, and sustainable energy, the photovoltaic market has 
had a rapid development in the last decades. The high accuracy of the daily solar 
global horizontal irradiance (GHI) forecasting model is an essential tool for the 
operation, maintenance, and optimization of photovoltaic systems, that is why 
designing an intelligent and robust (GHI) prediction model has become one of the 
most attractive topics for researchers in the last few years. In this paper, daily GHI 
data of Adana, Turkey, between the years 2017 and 2021 has been acquired from 
ERA5 to form a raw data set, then two effective time-series forecasting models, 
i.e. long short term memory (LSTM) and autoregressive integrated moving 
average (ARIMA), are applied on the cleansed and pre-processed data set for a 
day-ahead solar GHI prediction in Adana, Turkey. Consequently, the results of 
the prediction are evaluated using several performance metrics such as mean 
squared error (MSE), mean absolute percentage error (MAPE), and coefficient of 
discrimination (R2). It has been observed that the LSTM model is outperforming 
the ARIMA model as it gives better results and correlation. 

 

Keywords: Renewable Energy, Global Horizontal Irradiance, Artificial Neural Networks, 
Machine Learning, LSTM, ARIMA. 
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INTRODUCTION 

Due to the rapid increase in energy demand on the earth, while harmful effects of the fossil 
energy resources such as oil, coal, and natural gas are inadequate to meet the world’s energy 
needs, global potential trends toward renewable energy to provide clean, safe, and 
sustainable kinds of energy such as solar energy. 

Solar irradiance forecasting is an essential tool in the process of planning stable and reliable 
energy photovoltaic system, but due to the nonlinearity of the solar irradiance, statistical and 
machine learning algorithms are employed by literature to forecast it accurately as it depends 
on using historical records of solar irradiance and other meteorological data such as 
temperature, relative humidity, and pressure to build forecasting models. 

Boubaker et al. [1] proved that the LSTM model is the most investigated Deep Neural 
Networks type compared to a gated recurrent unit (GRU), bidirectional long short term 
memory (BiLSTM), bidirectional gated recurrent unit (BiGRU), convolutional neural 
network (CNN), CNN-LSTM, CNN-BiLSTM models for Predicting Solar Radiation at Hail 
Region, Saudi Arabia. Wang et al. [2] forecasted A day-ahead PV power using a recurrent 
renewal network (RNN) based on the LSTM-RNN model and time correlation modification 
under a partial daily pattern prediction framework. Brahma et al. [3] developed a comparison 
of the deep neural nets (DNN) models based on multiple horizons was also conducted. The 
results showed that forecasting tasks of shorter horizons show better accuracy while longer 
horizons require more complex models. H. Zhou et al. [4] evaluated the LSTM model, which 
effectively forecasts PV power in all four seasons, and the forecasting curves of the LSTM 
model are very close to the actual curves in all different time intervals. Husein et al. [5] 
presented a deep learning approach for day-ahead solar irradiance forecasting for micro grids 
using LSTM and feedforward neural network (FFNN) models in four different countries 
(Germany, USA, Switzerland, and South Korea). Alsharif et al. [6] performed time series 
ARIMA model for the prediction of daily and monthly average global solar radiation by 
Korea meteorological administration (KMA) and global solar radiation (GSR) data in Seoul, 
South Korea. Sharadga et al. [7] enhanced that Artificial neural networks learn the 
complexity of time series data better than seasonal autoregressive integrated moving average 
(SARIMA) models. Thus, NNs are better than the suggested statistical models for PV power 
time series prediction. Yu et al. [8] presented a comparison of deep learning methods 
(LSTM, ARIMA, support vector regression (SVR), backward propagation neural network 
(BPNN), CNN, RNN), which approved the LSTM Short-Term Solar Irradiance Forecasting 
Under Complicated Weather Conditions. Ghimire et al. [9]) evaluated predictions of half-
hourly, daily, and monthly solar radiations whose input elements are defined by antecedent 
lagged GSR data. Essentially, for enhanced accuracy, the proposed model employs CNN to 
extract GSR data features and LSTM to encapsulate the features to generate a low latency-
based time series GSR prediction. Qing et al. [10] enhanced Hourly day-ahead solar 
irradiance prediction using weather forecasts by LSTM. For a case using 10 years of 
historical data to predict 1 year of irradiance data, the prediction RMSE using the proposed 
LSTM algorithm decreases by 42.9% against BPNN. Gairaa et al. [11] combined linear 
autoregressive moving average (ARMA) and nonlinear artificial neural network (ANN) 
models to estimate the daily global solar radiation in Algeria. 

In this paper, a day-ahead global horizontal irradiance forecasting model was implemented 
using an intelligent statistical algorithm, autoregressive integrated moving average 
(ARIMA), and deep algorithm long short term memory (LSTM) to predict daily solar 
irradiance in Adana, Turkey. The data set is acquired from ERA5 between 2017 and 2021 
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and concatenated with some calendar variables such as year, month, and day of the year to 
form a raw data set that is processed by some normalizing and cleaning functions to be 
predictable by the proposed models.  

MATERIALS AND METHODS 

MATERIALS  

The material of this paper is a daily resolution data set between 1 January 2017 and 31 
December 2021. The data set belongs to Adana; a Turkish city located on the north-eastern 
coast of the Mediterranean Sea with Coordinates: 37°0′N 35°19.28′E as shown in Fig. 1. 
Meteorological variables are acquired from European Centre for Medium-Range Weather 
Forecasts (ECMWF) Reanalysis 5th Generation (ERA5) [12]. The raw data set is normalized 
by Min-Max and transformed to [0, 1], outliers and erroneous data are removed from the 
data set, and then the linear interpolation method is applied to calculate the missing values 
in the data set. To evaluate the forecasting model, the solar global horizontal irradiance 
(GHI) data set is split into training data set (70%) and testing data set (30%), as illustrated 
in Fig. 3. 
 

 

Fig. 1.  Location of Adana, Turkey 
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Fig. 2.  A demonstration of global horizontal irradiance (GHI) 

 

Fig. 3.  A demonstration of training and testing data set 

METHODS 

In this paper, LSTM and ARIMA are employed as forecasting methods. 

LONG SHORT-TERM MEMORY (LSTM) 

Long Short-term Memory Neural Network is an improved version of recurrent neural 
networks that was proposed by (Hochreiter and Schmidhuber [13]) to overcome the 
vanishing and exploding gradient problems of traditional RNN that are generated during 
updating weights and biases. LSTM divides the hidden state of RNN into two parts, long-
term memory cells ct and short-term memory ht, which are used as the output of the current 
state and input of the next state as ht-1 with its current input xt that are controlled by gates: 
forget, input, and output as shown in Fig. 4 and expressed in the following equations. 
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𝑓𝑡 = 𝜎(𝜔𝑓 × [ℎ𝑡−1, 𝑥𝑡] + 𝑏𝑓) 

𝑖𝑡 = 𝜎(𝜔𝑖 × [ℎ𝑡−1, 𝑥𝑡] + 𝑏𝑖) 

�̃�𝑡 = tanh(𝜔𝑐 × [ℎ𝑡−1, 𝑥𝑡] + 𝑏𝑐) 

𝑐𝑡 = 𝑓𝑡 × 𝑐𝑡−1 + 𝑖𝑡 × �̃�𝑡 

𝑜𝑡 = 𝜎(𝜔𝑜 × [ℎ𝑡−1, 𝑥𝑡] + 𝑏𝑜) 

 ℎ𝑡 = 𝑜𝑡 × tanh(𝑐𝑡), 

where wf , wi , wc and wo are weight matrices. bf , bi , bc and bo are bias vectors. �̃�𝑡 is a new 
candidate state, and σ() is the Sigmoid activation function that generates values between 0 
and 1 to decide which information is important and which can be discarded. 

The current input xt and the previous state ht-1 are processed by the input gate (it) that decides 
the portion to be added in the long-term state Ct. The forget gate (ft) that is responsible for 
deciding the portion of Ct−1  is to be ignored, discarding the unnecessary parts. The output 
gate (Ot ) decides the portion of Ct to be read and written as output.  

In this paper, the LSTM is chosen as a forecasting method because it overcomes the problem 
of vanishing gradients and captures long-term dependencies between the variables in the 
time series even if the large gap distance between them Yu et al. [8]. 

 

Fig. 4.  Construction of LSTM unit 

AUTOREGRESSIVE INTEGRATED MOVING AVERAGE (ARIMA) 

Autoregressive Integrated Moving Average (ARIMA) was proposed in 1976 by Box and 
Jenkin [14]. ARIMA is a statistical analysis model that is widely used in time series 
forecasting and future trends prediction based on the assumption that any value in the time 
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series affects the past values that can be determined as regressive relation. ARIMA (p,d,q) 
consists of three parts: Autoregression (AR) which shows a changing variable that regresses 
on its values by the number of regression terms p, Integrated (I) represents the (d) 
differencing times of the data observations and its previous values, Moving average (MA) 
the moving average window with size (q) that specifies dependency between an observation 
and a residual error of the lagged observations. The general ARIMA (p, d, q) is briefly 
expressed as the following equation (Younes 2014[15]): 

𝛷𝑝(𝐵)𝑊𝑡 = 𝜃𝑞(𝐵)𝑒𝑡, 

where Φp(B) is an auto-regressive operator of order p, θq(B) is a moving average operator 
of order q and Wt = ΔdXt. 

In this paper, the ARIMA method is chosen as a forecasting method because it depends only 
on the time series data of the target, avoiding the problems that occur due to using some 
multivariate models. 

RESULTS AND DISCUSSION 

All computations in this paper were implemented with a personal laptop with OS version 
Windows 7 Ultimate, a processor of 2.1GHz (Intel(R)Core™), and a memory size of 2 GB 
by using the Kaggle platform [16], and scripts written by python language. 

ARIMA model is tuned to fit the optimal model by calculating Akaike's Information 
Criterion (AIC) for a combination of p,d, and q parameters ranges between 0 and 10, the less 
AIC value indicates the better-fit model. 

In LSTM, the search for the optimal number of hidden layer neurons is covered from 2 to 20 
neurons. Hyperbolic tangent (tanh) and rectified linear unit (ReLU) activation functions are 
used respectively for the hidden layer and output layer. 

In this study, two different methods are employed to predict day-ahead GHI. In Fig.5, the 
original values are compared to those computed by the ARIMA and the LSTM prediction 
models. 

 

Fig. 5.  Actual and predicted values comparison plot 
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Several evaluation metrics such as mean absolute percentage error (MAPE), coefficient of 
determination (R2), and mean squared error (MSE) is applied to compare the performance 
of both models. In both LSTM and ARIMA models, the data splitting function was applied 
such that 70% and 30% of the whole data set were constructed for training and testing sets, 
respectively, as shown in Fig.3. 

Table 1. Applied methods performances for all utilized metrics  

Method R2  
(%) 

MAPE 
 (%) 

MSE 
(kWh/m2/Day) 

LSTM 86.03 17.71 0.67 
ARIMA 81.81 22.42 0.74 

According to the results obtained from the comparison between MAPE, MSE, and R2 as 
shown in Table 1, the LSTM model has better performance with lower error and higher 
correlation than the ARIMA model. 

CONCLUSIONS 

In this paper, a day-ahead global horizontal irradiance forecasting model was implemented 
using an intelligent statistical algorithm; autoregressive integrated moving average 
(ARIMA), and a deep algorithm; long short term memory (LSTM) to predict daily solar 
irradiance in Adana, Turkey. The data set is acquired from ERA5 between 2017 and 2022. 
The results of the prediction are evaluated using several performance metrics such as MSE, 
MAPE, and R2. It has been observed that the LSTM model is outperforming the ARIMA 
model as it gives better results and correlation. 
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ABSTRACT 

Renewable energy sources (RES) have gained more concern in recent years due to 
their environmental friendly structure and low-cost operation capability. 
Photovoltaic (PV) panels are more in the foreground compared with other RESs. 
However, the operation characteristic of PV sources is variable under partial 
shading circumstances. Thus, an additional power source is required with PV panels 
in off-grid connection in order to ensure continuous energy supply to the consumer. 
Otherwise, the PV source cannot provide the required power, and it loses its 
connection to the load. Batteries are commonly applied as extra sources with PV 
systems. But, it is energized from the PV system as well and may not ensure the 
required power under partial shading case in terms of low battery SOC. In this term, 
a hybrid PV panel with a proton exchange membrane fuel cell (PEMFC) source is 
proposed in this study to satisfy the energy sustainability once the radiation on PV 
panels reduces. The proposed system includes PV and FC sources. The sources are 
connected to the DC link bus via step-up converters to supply the consumer with 
DC loads. To verify the proposed system topology, a hybrid supplier model with a 
3.4 kW DC load is constructed in a simulation environment. The proposed 
configuration is examined under various radiation values to show the performance 
of the developed structure under partial shading states. It is observed that the 
supplied power via PV panels decreases when the radiation lowers. In this case, the 
FC source supports the PV panels to provide energy for the load. As a result, a 
continuous energy supply to the load is fulfilled under the partial shading condition 
of the PV source. 

Keywords: PV Source, PEMFC, Hybrid Energy, Partial Shading, Grid-off 
connection 
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INTRODUCTION 

The applications of renewable energy sources (RESs) have been rising in recent years owing 
to rapid reduction and increased unit prices of fossil fuels and environmental pollution [1, 
2]. Renewable energy technologies such as solar, fuel cell and wind energy systems have 
come into prominence that has a considerable impact on the energy sector. In addition, the 
usage of RESs in various areas has been widely a concern due to the development of society 
and the economy [3].  

Photovoltaic (PV) panels are one of the most widespread applied RESs since they have low 
implementation costs and simple installation [4]. In addition, the usage of PV panels is more 
attractive in urban areas as a grid-off connection [5]. However, the generated power from 
PV panels reduces under partial shading situations [6, 7]. Fluctuations in radiation and 
temperature affect the PV arrays' open circuit voltage and power, respectively [8]. Thus, the 
required power cannot be provided from the PV sources under partial shading [9]. This 
condition may endanger the safe operation of the PV system if it exceeds its maximum power 
rating [10]. It is important to take into consideration this case in the control algorithm [11]. 

The performance of PV energy panel under partial shading case is determined via an 
analytical model in [12]. In [13], a control algorithm for hybrid PV and battery systems is 
offered in a stand-alone system. However, the system turns off the load energy under a zero 
radiation state. A multi-loop controller is suggested for the hybrid PV + battery model to 
manage power flow under low radiation conditions [14]. On the other hand, an energy 
management method without sensor requirement is proposed for off-grid connected PV with 
battery energy storage to solve the problem of PV systems under partial shading [15]. It is 
obvious that the standalone PV panels need an additional power source to ensure a 
sustainable energy supply. Nevertheless, the PV source with battery storage cannot satisfy 
continuous power to the consumer in case of a low battery state of charge (SOC) [16]. Thus, 
an alternative energy source is necessary with a PV system to provide energy continuity even 
under partial shading. There are several studies in the literature about hybrid PV and fuel 
cell (FC) sources in grid-connected applications. In [17], a grid-connected hybrid source 
system is studied for a VSC topology. On the other hand, the power control of hybrid PV+FC 
source in the grid-connected system is investigated in [18]. However, the partial shading of 
the PV source is not taken into account in this paper. 

In this context, a hybrid PV with FC source system is proposed in this study to overcome the 
possible system faulty and de-energizing of the load. Proton-exchange membrane FC 
(PEMFC) is preferred as an additional RES to supply the load with a PV source. A DC load 
type is considered an energy consumer in the current study. By this means, a hybrid PV+FC 
source with a 3.2 kW DC load is designed and implemented in a simulation environment to 
investigate the response of the proposed system under partial shading of the PV panels. In 
order to analyse the system operation, the irradiance of the PV system is changed as a partial 
shading condition. The irradiance is reduced to 700 W/m2 from 1000 W/m2 for a second in 
the simulation. As a result of the irradiance drop, the power of the PV source is also dropped. 
The required power is supported by the FC system once partial shading occurs in PV panels. 
Thus, the safety operation of the PV system and continuous load supply is maintained with 
the proposed system configuration.  

 

 



37 
 

HYBRID ENERGY SYSTEM STRUCTURE  

The single-line diagram of the proposed hybrid system structure for supplying a DC load is 
demonstrated in Fig. 1. The proposed system has two RESs, including PV and FC sources, 
to supply the DC load. Both energy sources and DC load are connected to a common DC 
bus. The PV and FC sources generate a variable DC voltage under different power 
conditions. Therefore, DC-DC converters are used to interface the PV and FC sources with 
the DC bus.  

 

Fig.  1. Single-line diagram of the proposed hybrid system structure with 
FC and PV sources 

The detailed circuit scheme of the proposed system model is illustrated in Fig. 2. Boost 
converters are applied between both PV-FC sources and DC buses. Each boost converter 
consists of an inductance, an electronic switch and a diode. The electronic switches are 
applied to control the DC bus voltage and injected power amount. To manage the control of 
the DC voltage and power level, the currents and voltages of PV and FC sources are firstly 
measured and evaluated in the controller. These parameters are adjusted by curbing the duty 
cycle value of the PWM signal applied to the electronic switches.  

 

Fig.  2. Detailed representation of the proposed hybrid system 

The power equations of the proposed system are given in (1-3). The relationship of the power 
between the PV, FC and load is defined by (1). The total load power is equal to the 
summation of the generated powers by PV and FC sources. The generated PV and FC powers 
are obtained by (2) and (3).  
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FCPVload PPP  ; (1) 

PVPVPV IVP  ; (2) 

FCFCFC IVP  , (3) 

where, Pload, PPV and PFC determine consumed power by load and generated power by PV 
and FC system, respectively. VDC, VPV and VFC are the DC bus voltage, PV panel voltage and 
FC voltage, respectively. IPV and IFC are currents of PV and FC systems successively. 

The boost converters operate according to the duty cycle value of the switching signals, 
which is defined by the source voltages and DC bus voltage. The relationship between the 
source voltages and DC bus voltage with respect to the duty cycles is given in equations (4) 
and (5). 

PV

PV
DC

D

V
V




1 ; 
(4) 

FC

FC
DC

D

V
V




1 , 
(5) 

where DPV and DFC define the duty cycles of PWM signals applied to the PV and FC 
converters, respectively.  

PERFORMANCE RESULTS 

The proposed hybrid sources system is constructed in a simulation environment to examine 
the performance of the system. The PV and FC sources are designed to energize a 3.2 kW 
DC load at a 400V DC bus. The parameter values for the proposed hybrid PV+FC system 
are given in Table 1. The constructed system is tested under partial shading of the PV system. 
Fig. 3 demonstrates the temperature and the variation of the irradiance over the PV panels 
in the case of partial shading. The temperature is chosen as constant at 25 0C during the 
partial shading. The irradiance is variated between 1s and 2s time intervals. It drops to 
700 W/m2 from 1000 W/m2.  

Table 1. System parameters of the hybrid PV+FC energy sources in grid-off connection 

Parameter Value  Unit 
(max)(max) PVFC PP   2.4 - 2.7 kW 

)()( mppPVnomFC VV   132.6 – 164.1 V 

)()( mppPVnomFC II   15.2 – 16.7 A 

PVFC LL ,  5 mH 

PVFC CC ,  2 mF 

DCV  400 V 

DCR  50 Ohm 
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Fig.  3. Irradiance and Temperature characteristics under partial shading 
condition 

The power, voltage and current waveforms of the PV and FC sources and load side are shown 
in Fig. 4, Fig. 5 and Fig. 6, respectively. It is clear from the figures that a partial shading 
condition is provided between 1s-2s time intervals. As shown in Fig. 4, the generated power 
by the PV source reduces while partial shading occurs. The radiation dropped on PV panels 
is reduced to 700 W/m2 from 1000 W/m2 during the partial shading case. The supplied power 
by PV panels decreases to almost 1 kW from 1.9 kW. 

 

Fig.  4. The power, voltage and current waveforms of PV source under 
partial shading condition 
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Fig.  5. The power, voltage and current waveforms of PEMFC source 
under partial shading condition 

At the partial shading time, as illustrated in Fig. 6, the supplied power by the FC source 
increases in order to compensate for the power lack of the PV source and to meet the 
consumed power by the load. The injected power by the FC source increases from 2.1 kW 
to 1.2 kW. Thus, it is obvious from Fig. 6 that the power supplied to the load is kept constant 
even under a partial shading situation. 

 

Fig.  6. The power, voltage and current waveforms of load side under 
partial shading condition 
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CONCLUSIONS 

In this study, a hybrid PV+FC source system is developed for supplying a DC load under 
the partial shading situation of PV panels. The proposed system is constructed and 
investigated in a simulation environment. The irradiance on PV panels is changed to analyse 
the partial shading condition. The irradiance on the PV source is decreased to 700 W/m2 
from 1000 W/m2 during the partial shading case. The supplied power by the PV source 
reduces when the irradiance drops. The PV source power loses almost 900 W power rate 
under partial shading. The required load power is supported by the FC source under lower 
irradiance on PV panels. Thus, the FC source rises the generated power by 900 W to support 
the PV system. As a result, the load energy is sustained even during the power lack of the 
PV source. 
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ABSTRACT 

Electricity and thermal energy are produced by using photovoltaic cells. Scientists have 
started to use nanoparticles to improve the performance of photovoltaic thermal systems. In 
this study, the improvements in the basic performance parameters of PV/T systems are 
investigated when nanoparticles are used as cooling fluid in PV/T systems. The thermal and 
electrical behaviour of Nano fluids obtained by synthesizing various nanoparticles in 
different volume ratios with various coolants is investigated. According to the results 
obtained from the study, it was observed that Al₂O₃ nanoparticle synthesized with ethylene 
glycol provided 4.11% better thermal results than nanoparticles synthesized with water. In 
addition, it is observed that the most efficient of the nanoparticles used is Cu, and the 
Cu/water Nano fluid reaches a thermal efficiency of 79.97%. 
 

Keywords: (PV/T systems, Nano fluids, energy and exergy efficiency, electrical and 
thermal power) 
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INTRODUCTION 

The depletion of fossil fuels in our world and the increasing energy demand has led people 
to renewable energy sources. Among the renewable energy sources, solar energy is the most 
abundant energy available in the world. For the future of positive energy buildings, the 
building envelope plays and will play a key role in energy generation. Today, thermally or 
electrically efficient energy generation in the building envelope is currently done via solar 
thermal collectors and photovoltaic (PV) panels. These systems, of course, need a sufficient 
surface area oriented towards the sun in order to operate efficiently. However, these surface 
areas are limited to roofs or facades with suitable orientations. To maximize energy 
efficiency, every square meter available with an orientation suitable for solar applications 
should be used in the most efficient way possible [1]. 

Depending on the cell type, PVs convert 15-22% of incoming solar radiation into electricity, 
with a larger percentage remaining in the cell as waste heat. Solar radiation increases the 
temperature of PV modules, causing their electrical efficiency to decrease [2]. The current 
commercial PV cells convert solar energy into electricity with relatively low efficiency of 
less than 20% [3]. When the operating temperature of the PV cells increases, the output of 
the PV cells decreases. Therefore, it is essential to maintain a low operating temperature of 
PV cells for better performance [4]. The cooling of PV systems and the low heat carrying 
capacity of PV/T systems are considered major reasons for their low efficiency. Positively, 
modern research on Nano fluids has made rapid progress in enhancing heat transfer in energy 
systems [5]. 

Nanoparticles are defined as dispersions of particles or solid particles with a size in the range 
of 10-1000 nm. Depending on the preparation method, nanoparticles can be obtained as 
Nano spheres or Nano capsules [6]. Nano fluid is a suspension of nanoparticles. In the last 
three decades, Nano fluid has received great attention in nanotechnology, thermal 
engineering and many other application areas [7]. Nano fluids are one of the new age 
working fluids with super-improved thermal and rheological properties and act as cooling 
filters [8]. Thermal conductivity is an important parameter in improving the heat transfer 
performance of a heat transfer fluid. Many researchers have reported experimental studies 
on the thermal conductivity of Nano fluids [9]. Javadi et al. [10] have given an overview of 
the studies on the performance of solar collectors and concluded that the use of Nano fluid 
instead of conventional fluid improves the thermal properties, efficiency, permeability and 
extinction coefficient of solar collectors as well as heat transfer [8]. It has been observed that 
theoretical studies give different results on the effects of particle size on collector efficiency 
[11,12]. Khanjari et al. [13] have used Alumina/Water and Ag/Water as two different fluids 
in the PV/T system and examined their thermal and electrical efficiencies with numerical 
simulation. They have found that the overall efficiency for Alumina/Water ranged from 
0.72% to 4.26%, and for Ag/Water, the total yield ranged from 1.33% to 11.54% due to 
volumetric changes. As a result of the simulations, it has been determined that Ag/Water 
Nano fluid gives better performance figures than Alumina/Water Nano fluid. Al-Shamani et 
al. [14] have evaluated the parameters such as electrical, thermal and combined photovoltaic 
thermal power and efficiency of SiO₂, TiO₂ and SiC Nano fluid-based PVT systems in 
tropical climate conditions and achieved the highest efficiency from the SiC Nano fluid 
based system in all respects. It has been found that the electrical efficiency increased to 
13.52%, the thermal efficiency to 68.21%, and the combined thermal efficiency to 81.73% 
for the SiC-based Nano fluid. 
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Table.1. Maximum enhancement in the thermal, electrical and overall energy efficiency of 
PV/T systems using Nano fluids as a refrigerant [8]. 

Investigator Nano fluid and 
Concentration 

Electrical 
efficiency 

increase (%) 

Thermal 
efficiency 

increase (%) 

Overall 
efficiency 

increase (%) 

Khanjari et al. [13] 

 

Ag/water (10 vol%) 

Al2O3/water (10 
vol%) 

3.9 

1.83 

12.43 

4.54 

11.54 

4.26 

Ghadiri et al. [19] Fe3O4/water (3 wt%) 4.93 46.29 41.80 

Al-Shamani et al. 
[14] 

 

 

TiO2/water (1 wt%) 

SiO2/water (1 wt%) 

SiC/water (1 wt%)  

15.73 

10.37  

42.97  

9.36 

3.98  

13.16  

11.89 

6.43 

18.97 

Xu and Kleinstreuer 
[20] 
Xu and Kleinstreuer 
[21] 
Tang and Zhu [22] 

Al2O3/water 
(4vol%) 
 
Al2O3/water (5 
vol%)  

Al2O3/water(0.02wt
%)  

1.45 
              
              9.72  

             −3.73  

- 

−0.04                 
 

57.55  

  - 

1.49 
 

29.47 

Rejeb et al. [23]  Al2O3/water (0.4 
wt%)  

0.15  8.88  – 

 Cu/water (0.4 wt%)  0.77  79.97  – 

 Al2O3/EG (0.4 wt%)  0.16 12.99 – 

THERMODYNAMIC ANALYSIS 

ENERGY ANALYSIS 

By considering the system (PVT or PVT/PCM) as a control volume and assuming a 
steady state condition, the energy balance for the system can be derived as [15] 

 

 

∑Ė𝑖𝑛 =∑Ė𝑜𝑢𝑡 +∑Ė𝑙𝑜𝑠𝑠 

Ė𝑠𝑢𝑛 + Ė𝑚𝑎𝑠𝑠,𝑖𝑛 = Ė𝑒𝑙 + Ė𝑚𝑎𝑠𝑠,𝑜𝑢𝑡 + Ė𝑙𝑜𝑠𝑠, 
(1) 
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where Ė𝑖𝑛, Ė𝑜𝑢𝑡ve Ė𝑙𝑜𝑠𝑠 represent input, output and losses energy, respectively. Ė𝑠𝑢𝑛  Is the 
effective solar radiation to the system that can be expressed as and is expressed by the 
following equation: 
 Ė𝑠𝑢𝑛 = Ġ. 𝐴𝑐. 𝜏𝑔. 𝛼𝑐𝑒𝑙𝑙 (2) 

here Ġ refers to the rate of the total solar irradiation, 𝐴𝑐 the collector area, 𝜏𝑔the glass cover 
transmissivity and 𝛼𝑐𝑒𝑙𝑙 Is the absorptivity of photovoltaic cells. Eq. (1), the output thermal 
power of the system can be calculated as: 
   Ė𝑚𝑎𝑠𝑠,𝑜𝑢𝑡 − Ė𝑚𝑎𝑠𝑠,𝑖𝑛 = Ė𝑡ℎ = ṁ𝑛𝑓 . 𝐶𝑝,𝑛𝑓 . (𝑇𝑛𝑓,𝑜𝑢𝑡 − 𝑇𝑛𝑓,𝑖𝑛). (3) 

The density and specific heat capacity of the Nano fluid are derived using the following 
equations: 
     𝜌𝑛𝑓 = 𝜑. 𝜌𝑛 + (1 − 𝜑). 𝜌𝑏𝑓;  (4)  

 𝐶𝑝,𝑛𝑓 =
𝜑.(𝜌𝑛𝐶𝑝,𝑛)+(1−𝜑).(𝜌𝑏𝑓𝐶𝑝,𝑏𝑓)

𝜌𝑛𝑓
.  (5) 

 Φ is the volumetric ratio of nanoparticles in the base fluid that can be calculated as; 

  Φ=
𝑚𝑛

𝜌𝑛⁄

𝑚𝑛
𝜌𝑛⁄ +

𝑚𝑏𝑓
𝜌𝑏𝑓
⁄

 ( 6)  

Ė𝑒𝑙  is the output electrical power of the system and can be calculated by the following 
equation 
 Ė𝑒𝑙 = 𝑉𝑜𝑐𝑥𝐼𝑠𝑐𝑥𝐹𝐹.  (7) 

FF  is calculated with the following equation: 
 𝐹𝐹 =

(𝑉𝑥𝐼)𝑚𝑎𝑥

𝑉𝑜𝑐𝑥𝐼𝑠𝑐
 . (8) 

The overall energy efficiency of the system is the ratio of the overall output power to the 
input during a selected time period. Therefore, the overall energy efficiency of the system 
can be expressed as a function of the thermal and electrical energy efficiencies.[16] 

 ɳ𝑜𝑣 =
∫ (𝐴𝑐Ė𝑡ℎ

ˊˊ +𝐴𝑝𝑣Ė𝑒𝑙
ˊˊ )𝑑𝑡

𝑡2
𝑡1

𝐴𝑐 ∫ (Ė𝑠𝑢𝑛
ˊˊ )

𝑡2
𝑡1

𝑑𝑡
= ɳ𝑡ℎ + 𝑟. ɳ𝑒𝑙.  (9) 

The electrical and thermal efficiency in equation (9) is calculated as follows: 
 ɳ𝑒𝑙 =

Ė𝑒𝑙

Ė𝑠𝑢𝑛
=

𝑉𝑜𝑐𝑥𝐼𝑠𝑐𝑥𝐹𝐹

Ġ.𝐴𝑐.𝜏𝑔.𝛼𝑐𝑒𝑙𝑙
;  (10) 

 ɳ𝑡ℎ =
Ė𝑡ℎ

Ė𝑠𝑢𝑛
=

ṁ𝑛𝑓.𝐶𝑝,𝑛𝑓.(𝑇𝑛𝑓,𝑜𝑢𝑡−𝑇𝑛𝑓,𝑖𝑛)

Ġ.𝐴𝑐.𝜏𝑔.𝛼𝑐𝑒𝑙𝑙
.  (11) 

EXERGY ANALYSIS AND ENTROPY GENERATION 

Similar to the energy analysis, by considering the system (PVT or PVT/PCM) as a control 
volume and assuming a steady state condition, the exergy balance for the system can be 
derived as [17] 
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 ∑Ė𝑥𝑖𝑛 =∑Ė𝑥𝑜𝑢𝑡 + ∑Ė𝑥𝑙𝑜𝑠𝑠; 

 Ė𝑥𝑠𝑢𝑛 + Ė𝑥𝑚𝑎𝑠𝑠,𝑖𝑛 = Ė𝑥𝑒𝑙 + Ė𝑥𝑚𝑎𝑠𝑠,𝑜𝑢𝑡 + Ė𝑥𝑙𝑜𝑠𝑠 ; (12) 

 Ė𝑥𝑠𝑢𝑛 = Ġ(1 −
𝑇𝑎𝑚𝑏

𝑇𝑠𝑢𝑛
).  (13) 

In Eq.(12), the exergy related to the mass flow rate can be calculated as [18]: 
 Ė𝑥𝑚𝑎𝑠𝑠,𝑜𝑢𝑡 − Ė𝑥𝑚𝑎𝑠𝑠,𝑖𝑛 = Ė𝑥𝑡ℎ = ṁ𝑛𝑓[(ℎ𝑛𝑓,𝑜𝑢𝑡 − ℎ𝑛𝑓,𝑖𝑛) − 𝑇𝑎𝑚𝑏(𝑆𝑛𝑓,𝑜𝑢𝑡 − 𝑆𝑛𝑓,𝑖𝑛)]. (14) 

In which ℎ𝑛𝑓 enthalpy of nanofluid 𝑆𝑛𝑓 and refers to the entropy of the nanofluid. Enthalpy 
and entropy changes are calculated with the following equations: 
 ℎ𝑛𝑓,𝑜𝑢𝑡 − ℎ𝑛𝑓,𝑖𝑛 = 𝐶𝑝,𝑛𝑓(𝑇𝑛𝑓,𝑜𝑢𝑡 − 𝑇𝑛𝑓,𝑖𝑛);  (15) 

 𝑆𝑛𝑓,𝑜𝑢𝑡 − 𝑆𝑛𝑓,𝑖𝑛 = 𝐶𝑝,𝑛𝑓 ln (
𝑇𝑛𝑓,𝑜𝑢𝑡

𝑇𝑛𝑓,𝑖𝑛
)  (16) 

The output thermal exergy of the system is calculated by the following equation: 

 Ė𝑥𝑡ℎ = ṁ𝑛𝑓 . 𝐶𝑝,𝑛𝑓 [(𝑇𝑛𝑓,𝑜𝑢𝑡 − 𝑇𝑛𝑓,𝑖𝑛) − 𝑇𝑎𝑚𝑏 ln (
𝑇𝑛𝑓,𝑜𝑢𝑡

𝑇𝑛𝑓,𝑖𝑛
)]. (17) 

Since the electrical energy is useful available work, the output electrical exergy of the system 
is equal to the output electrical power.[16] 
 Ė𝑥𝑒𝑙 = Ė𝑒𝑙.  (18) 

The exergy loss is calculated by combining equations (13) and (17), and (18): 

 (1 −
𝑇𝑎𝑚𝑏

𝑇𝑠𝑢𝑛
)Ġ − Ė𝑒𝑙 −ṁ𝑛𝑓 . 𝐶𝑝,𝑛𝑓 [(𝑇𝑛𝑓,𝑜𝑢𝑡 − 𝑇𝑛𝑓,𝑖𝑛) − 𝑇𝑎𝑚𝑏 ln (

𝑇𝑛𝑓,𝑜𝑢𝑡

𝑇𝑛𝑓,𝑖𝑛
)] = Ė𝑥𝑙𝑜𝑠𝑠.(19) 

The entropy generation rate of the system is calculated according to the following equation: 
 Ṡ𝑔𝑒𝑛 =

Ė𝑥𝑙𝑜𝑠𝑠

𝑇𝑎𝑚𝑏
.  (20) 

Similar to Eq. (9), the overall exergy efficiency of the system can be expressed as a function 
of the thermal and electrical exergy efficiencies:[16] 

 𝜀𝑜𝑣 =
∫ (𝐴𝑐Ė𝑥𝑡ℎ

ˊˊ +𝐴𝑝𝑣Ė𝑥𝑒𝑙
ˊˊ )𝑑𝑡

𝑡2
𝑡1

𝐴𝑐 ∫ (Ė𝑥𝑠𝑢𝑛
ˊˊ )

𝑡2
𝑡1

𝑑𝑡
= 𝜀𝑡ℎ + 𝑟. 𝜀𝑒𝑙 (21) 

The electrical and thermal exergy in equation (21) is calculated as follows: 
 𝜀𝑒𝑙 =

Ė𝑥𝑒𝑙

Ė𝑥𝑠𝑢𝑛
=

Ė𝑒𝑙

Ė𝑥𝑠𝑢𝑛
=

𝑉𝑜𝑐𝑥𝐼𝑠𝑐𝑥𝐹𝐹

Ġ(1−
𝑇𝑎𝑚𝑏
𝑇𝑠𝑢𝑛

)
;  (22) 

 𝜀𝑡ℎ =
Ė𝑥𝑡ℎ

Ė𝑥𝑠𝑢𝑛
=

ṁ𝑛𝑓.𝐶𝑝,𝑛𝑓[(𝑇𝑛𝑓,𝑜𝑢𝑡−𝑇𝑛𝑓,𝑖𝑛)−𝑇𝑎𝑚𝑏 ln(
𝑇𝑛𝑓,𝑜𝑢𝑡

𝑇𝑛𝑓,𝑖𝑛
)]

Ġ(1−
𝑇𝑎𝑚𝑏
𝑇𝑠𝑢𝑛

)
.  (23) 

RESULTS 

According to the given equations, Hosseinzadeh et al. [15] have investigated the effects of 
ZnO/water Nano fluid and PCM usage on the PVT system and found the average surface 
temperature of NPVT and NPVT/PCM systems to be 47.22 and 42.44 ᵒC, respectively. 
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Using the Nano fluid-based PVT and PVT/PCM systems was found to improve the output 
electrical power by approximately 7.10 and 11.90%, respectively, compared to the 
conventional PV module. The use of organic paraffin wax as PCM in the Nano fluid-based 
PVT system improved the output thermal exergy of the system by approximately 79.36% 
compared to the Nano fluid-based PVT system without PCM. Thus, the use of PCM in the 
PVT system significantly increased the output thermal exergy of the system. According to 
the research, the main fluid is also important along with the nanoparticle used. Rajeb et al. 
[23] obtained a thermal efficiency of 8.88% when the same volume of Al₂O₃ Nano fluid was 
used together with the water mixture as a cooling liquid, while they obtained a thermal 
efficiency of 12.99% when ethylene glycol was used instead of water. Khanjari et al. [13] 
conducted an experimental study at different volume ratios and obtained the highest 
efficiency using Al and Ag nanoparticles at a 10% volume ratio. They reported that the 
system using Al/water Nano fluid reached 4.54% thermal efficiency, while the system using 
Ag/water Nano fluid reached 12.43%. 

CONCLUSIONS 

Research, experiments, and simulations show that Nano fluid-based PV/T systems work 
much more efficiently than water-based PV/T systems. Nano fluids consisting of hundreds 
of different nanoparticles have been used in the literature. The type of Nano fluid used and 
the type of heat exchangers affect the efficiency of PV/T systems positively or negatively in 
different parameters such as the mass flow rate of the Nano fluid and the percent volume of 
the Nano fluid. In the previous literature, traditional PV and Nano fluid-based PVT/PCM 
systems and ZnO/water Nano fluid PVT systems were compared. In the PV system, 
ZnO/water Nano fluid with a mass fraction of 0.2%, consisting of a 40-watt monocrystalline 
silicon PV module and circulated around the PV module with a constant mass flow of 
30 kg/h, was used. It has been found that the use of Nano fluids in the system increases the 
maximum output electrical power up to about 13% compared to the conventional PV system. 
Furthermore, the use of Nano fluids increased electrical energy efficiency by about 12%. 
The use of PCM in the system, together with the use of ZnO/water Nano fluid, increased the 
output thermal power by up to 30%. Due to the use of PCM on the system using ZnO/water 
Nano fluid, thermal exergy improved by 80%. Furthermore, with the use of PCM in Nano 
fluid-based PVT, the electrical efficiency of the system increased by 12% compared to the 
traditional PV system and by 5% compared to the Nano fluid-based PVT system. 

 
Nomenclature 

 
 Greeks  

A Area(m²) α Absorptivity 
𝐴𝑐 Collector Area 

(m²) 
ɳ Energy efficiency 

(%) 
𝐴𝑝𝑣   Photovoltaic 

Cells Area(m²) 
ε Exergy efficiency 

(%) 
𝐶𝑝  Specific heat 

capacity (J kg¯¹ 
K¯¹) 

ρ Density (kg m¯³) 

Ė Power (W) τ   Glass cover  
transmissivity 

Ė𝑥
ˊˊ   Power per unit 

area (W m¯²) 
  

FF Fill factor Subscripts  
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Ġ   Solar radiation 
per unit area (W 

m¯²) 

amb Ambient 

h Enthalpy (J kg¯¹).” c Collector 
I Electrical Current 

(A) 
cell Photovoltaic cell 

ṁ Mass flow rate (kg 
s¯¹) 

eff Effective 

PV Photovoltaic 
module 

el Electrical 

PVT   Photovoltaic 
thermal system 

g Glass cover 

NPVT Nano fluid based           
Photovoltaic 

thermal system 

gen Generation 

r Packing factor in Inlet 
s Entropy (J kg¯¹ 

K¯¹) 
nf Nano fluid 

T Temperature (K) oc Open circuit 
V Electrical voltage 

(V) 
out Outlet 

  ov Overall 
  sc Short circuit 
  th Thermal 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

The economic growth, rapid population rise, and improving living standards in Turkey have 
increased the demand for energy notably in recent years. Turkey generally meets its energy 
demand from fossil fuels, and this is highly dependent on imported energy. The use of clean 
energy resources is increasing with the developing technologies in the world. On the other 
hand, the use of fossil resources is decreasing to both reduce environmental pollution and 
prevent global warming. It is important to reduce the dependency on imported energy and 
increase the use of clean energy for the increasing energy need in our country. Solar energy, 
which is one of the renewable energy sources, draws the attention of researchers. In recent 
years, there have been numerous studies on the performance of PV systems, which is one of 
the most common applications of solar energy systems. Operational conditions remarkably 
affect the power output of PV systems. Akbarzadeh and Wadowski [1] found that 
overheating PV panels due to excessive solar radiation and high temperature notably reduces 
efficiency. In another study, Rodrigues et al. [2] showed the variation of the output power 
and output voltage of PV panels depending on the temperature difference. Katkar et al. [3], 
in their study, stated that the temperature increase in the PV panels notably reduces the 
voltage produced in the PV cells. The research has experimentally proven that the 
temperature increase significantly reduces the electrical energy production efficiency in PV 
cells and modules [4-6]. In order to increase the energy production efficiency in PV systems, 
the solution proposals in the literature are divided into two groups hardware and software. 
In software solution proposals, there are most important points such as the determination of 
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optimization-based solar power plant (SPP) installation points, determination of solar 
radiation amount, power generation forecasts, and solar tracking systems. In hardware 
solutions, there are mostly system designs and applications related to cooling the surface of 
PV panels. Photovoltaic thermal (PV/T) designs have been developed to prevent reductions 
in power generation efficiencies and to prevent waste of heat in PV panels. For PV/T 
structures, electrical efficiency and thermal efficiency were considered the efficiency of the 
system and both efficiencies were taken into account in the designs. In climates with high 
temperatures, water can be heated while generating electricity. Especially when the ambient 
temperature rises above 40°C, there is an opportunity where the efficiency of the 
photovoltaic panels is increased by cooling. In the winter months, when the temperature is 
low, the sunshine duration of the PV panels is very short, and the temperature can drop to 
minus degrees. As a result of this situation, the output generation power decreases 
significantly. Some panels are also made in designs where air or both are used instead of 
water [7].   

In this work, studies in the literature were examined in order to reveal the energy production 
efficiency of PV panels depending on temperature and radiation in the case of different 
climatic regions of Turkey. Depending on the studies examined, the output powers of the 
panels are given in detail, and the performance points are determined. 

METHODS 

This study covers the months of March 2020 – March 2021 and is limited to 7 provinces in 
Turkey. Provinces were selected from the eastern, western, northern, southern and central 
parts of each region. The selected provinces were evaluated on a monocrystalline solar panel 
with reference to the temperature and radiation values between March 2020 and March 2021. 
The provinces included in the study; Artvin, Isparta, Istanbul, Izmir, Eskisehir, Malatya and 
Diyarbakir. Solar cells are photovoltaic devices that convert light energy into electrical 
energy, and they work as semiconductor diodes. A solar cell generates electricity by the 
photovoltaic effect. The photovoltaic effect, on the other hand, is the physical phenomenon 
in which the sun's rays are converted into electricity. Photons are formed when sunlight hits 
the semiconductor surface, and the electrons inside the atom are released. Photons contain 
different amounts of energy for each wavelength in the solar radiation spectrum [8]. 
Generally, six parameters are used to describe the solar cell. These are 𝐼𝑠𝑐  , 𝐼𝑚 , 𝑉𝑜𝑐 , 𝑉𝑚 𝐹𝐹 ve 
η. To reach the maximum power in the solar cell, the following equation is used: 

 𝑃𝑚 = 𝑉𝑚𝐼𝑚 = (𝐹𝐹)𝑉𝑜𝑐𝐼𝑠𝑐. (1) 

Ideally, the maximum current should equal the short-circuit current (𝐼𝑠𝑐 = 𝐼𝑚𝑎𝑥). The value 
of Voc depends on I0. Voc can be found with the following equation: 

 𝑉𝑜𝑐 =
𝑘𝐵𝑇

𝑒
𝑙𝑛 (1 +

𝐼𝐿

𝐼0
). (2) 

Another important parameter in solar cells is the filling factor. The fill factor is the parameter 
that determines the highest efficiency to be obtained from the solar cell. It can be calculated 
with the following equation: 

 𝐹𝐹 =
𝐼𝑚𝑉𝑚

𝐼𝑠𝑐𝑉𝑜𝑐
. (3) 
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The power conversion efficiency of a solar cell is defined as the ratio of the output electrical 
power to the input optical power. The equation is as follows: 

 𝜂 =
𝑃𝑚

𝑃𝑖𝑛
× 100 =

𝐼𝑚𝑉𝑚

𝑃𝑖𝑛
× 100. (4) 

The light current produced by the photovoltaic cell, 𝐼𝑝𝑣 , it also has a linear relationship 
between the cell and solar radiation and temperature. The luminous flux produced under 
nominal conditions is given by the equation: 

 𝐼𝑃𝑉,𝑐𝑒𝑙𝑙 = (𝐼𝑝𝑣,𝑛 + 𝑘𝑖∆𝑡)
𝐺

𝐺𝑛
. (5) 

In order to clearly understand the power change due to temperature change, Azaza and 
Wallin [9] made experimental measurements in 2015 in Uppsala, Sweden. The power 
generation output values of the panels are given by the following equation [10]: 

 𝑃𝑃𝑉−𝑜𝑢𝑡 = 𝑃𝑁−𝑃𝑉 × (
𝐺

𝐺𝑟𝑒𝑓
) × [1 + 𝐾𝑇(𝑇𝐶 − 𝑇𝑟𝑒𝑓)]. (6) 

The output power (W) in the 𝑃𝑃𝑉−𝑜𝑢𝑡 Photovoltaic panel cell, the nominal power (W) of the 
photovoltaic panel cell in the Pn reference conditions, the G solar radiation (W/m2), the Gref 
reference conditions (1000 W/m2), KT represents the temperature coefficient of the 
maximum power, T_C represents the photovoltaic panel cell temperature (°C), Tref 
represents the photovoltaic panel cell temperature (25°C) in reference conditions. According 
to this definition, the cell temperature Tc can be calculated using the ambient temperature 
(Tamb) as follows: 

 𝑇𝐶 = 𝑇𝑎𝑚𝑏 + (0.0256 × 𝐺). (7) 

RESULTS 

The performance of PV systems depends on the solar radiation intensity. The performance 
values of 7 provinces selected from 7 different regions of Turkey are compared between 
March 2020 and March 2021. The power outputs to be obtained from 7 different cities for 
13 months are given in Fig. 1. 
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Fig 1. Power output for 7 different locations for 13 months. 

CONCLUSIONS 

PV systems are attractive systems with their potential. The performance of these systems, 
which are affected by temperature and solar radiation, is evaluated for 7 different locations 
in this study. It is seen that the highest power output can be obtained in all provinces during 
the summer months. In addition, the highest power output can be obtained in the province 
of Istanbul throughout the year. 

Keywords: PV systems, different locations in PV systems 
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ABSTRACT 

The decline and inadequacy of fossil fuels have accelerated the exploration and use 
of renewable energy sources to meet increasing energy demands. In addition, the 
use of fossil fuels hurts the environment. For this reason, one of the most important 
renewable energy sources that are coming to the forefront of research is the sun. 

Theoretical and general information about solar energy, which is a renewable 
energy source, such as power generation, storage, main components, power quality 
of solar energy, and problems with sources, are studied and explained in detail. 

A photovoltaic system has been designed, which is widely used in solar energy. The 
system is formed by increasing the output voltage to the circuit fed by a panel in a 
certain ratio. In this process, the voltage is raised to the desired voltage level in the 
case of direct current with the help of the DC-DC Boost Converter. 

Keywords: Renewable Energy, Solar Energy, Power Quality, Solar Photovoltaic Panel, DC-
DC Boost Converter 
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INTRODUCTION 

In the 21st century, with the development of technology and the rise in living standards, 
energy consumption has increased traditional practice to meet this requirement. Fossil fuels, 
which are energy production methods, have a noticeable negative impact on environmental 
effects [1]. 

Considering the statistics in the last five years of the last century, almost 90% of the energy 
production consisted of fossil fuels. During this period, it was observed that fossil fuels, gas, 
dust, and the like emitted around us during energy production adversely affected the universe 
we live in. In addition, it has been seen that gases affect the health of living things and cause 
global warming. Generating energy from fossil fuels' negative effects and exhaustible 
resources is why the search for alternative energy paved the way for its onset [2-3]. 

This is clean energy. The biggest advantage of these resources is that they are renewable, 
that is, inexhaustible, and also, as a result of their use, there are no harmful elements to the 
environment. This is the most important type of clean energy, photovoltaic energy [5]. On 
average, the total solar energy reaching our world is productive for a few hours. If it can be 
used as an energy source, the annual energy need of the world can be satisfied [6].  

Photovoltaic energy, being an endless and very powerful source, being reliable, can be 
directly converted to electrical energy, does not contain moving parts and maintenance future 
due to its advantages such as almost non-existent costs. It is one of the promising energy 
sources [7]. Photovoltaic energy technology‘s aim is comparable to or even more costly than 
other energy sources. Advantageously, electrical energy can be obtained from the sun. 

SOLAR ENERGY  

What Is Solar Energy? 

Solar can be defined as the energy emitted from the sun. Solar energy photons are the 
radiation energy released as a result of the conversion of hydrogen atoms in the sun into 
helium atoms. 

The sun is so big that 1 million earth can fit inside it, and the amount of energy it emits is so 
great that 564 million tons of hydrogen turn into 560 million tons of helium per second. The 
4 million tons of energy lost during this transformation is also dispersed into space. This 
energy emanating from the sun is known as solar energy and ensures the continuation of life 
on our planet [8]. 

Solar energy, with its distinctive feature of inexhaustibility, is a great renewable and has 
potential for sustainable development at present as an environmentally friendly energy 
source that proposes solutions [9]. 

METHODS (WHAT IS A PHOTOVOLTAIC SYSTEM?) 

Photovoltaic literally means the production of electricity from the photon. This product is 
provided by Photovoltaic Panels (PV). Photovoltaic systems are the most common method 
used to generate electricity from the sun. These systems consist of many components.  
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Although almost everyone thinks of photovoltaic systems as consisting of solar panels, basic 
components such as batteries, inverters, and charge controllers are also very important for 
this system [10]. 

ELECTRICITY GENERATION IN PHOTOVOLTAIC PANEL 

The structure of the solar panels used in our time is made of semiconductor materials such 
as a thyristor, diode, and transistor. Gallium arsenide, cadmium telluride, and the most 
preferred silicon are used as semiconductor materials in solar panel construction. If we 
examine in general, it is possible to realize photovoltaic conversion in semiconductors. For 
this, it is necessary to drop a photon (sunlight) on the joint area. 

When a photon is dropped on the region of the semiconductor, an electron-hole pair is 
formed. The electron-hole pairs are separated from each other by the effect of the magnetic 
field formed in the environment. In this way, light is converted into electrical energy in 
semiconductors [11]. In solar cells, the region where this event occurs is divided into three. 
These are conductive tape, forbidden energy band, and valence band. 

The conductive and valence bands are the energy bands. The energy of the incoming photon 
is the forbidden energy. If it is greater than or equal to the valence band, the photon can lose 
its energy by removing an electron from the valence band [12]. Thus, it is ensured that the 
detached electron reaches the conduction band, and the electron-hole pair is formed. This 
pair is connected by the effect of the electric field in the p-n junction region. 

They are separated from each other, like a pump that pushes electrons to the n region and 
the holes to the p region. Thus, power flow occurs between the ends of the solar cells. This 
event is the photovoltaic called event. 

WHAT ARE THE PHOTOVOLTAIC (PV) SYSTEM TYPES? 

Off-Grid Photovoltaic Systems (Storage Systems) 

Off-grid photovoltaic systems are systems that are installed separately from the electricity 
grid, store the electricity produced by solar panels via batteries and convert it into electrical 
energy that we use at home with inverters. Off-Grid systems consist of four main parts. These 
are solar panels, battery packs, charge controllers, and inverters. 

The system working principle is the electrical energy produced from the solar panel is 
regulated by the charge controller and stored in the batteries. This stored energy is converted 
into electrical energy that we use at home with inverters. In a way, this is similar to the 
principle of charging the car battery of the alternator in vehicles. Battery quality is very 
important for off-grid photovoltaic systems. Batteries with high charge-discharge efficiency, 
resistance to high temperatures, and long life should be preferred. 

On-Grid Photovoltaic Systems (Grid-Connected Systems) 

Photovoltaic On-Grid system consists of four basic elements solar panels, inverter, 
bidirectional, and data logger. 

The system working principle is the electrical energy produced from the solar panels is 
arranged by coming to the grid-connected inverters and converted into a form that can be 
transferred to the power line. The electricity produced from the solar panel is used directly 
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for the load, and the excess is transferred to the grid. When the air is closed, or the production 
is low, the electricity need is met by transferring electricity from the grid to the load. If there 
is a problem caused by the mains, the inverter turns itself off. In other words, if there is a 
power outage in the network, your home will also be cut off [13]. 

WHAT ARE THE MAIN ELEMENTS OF SOLAR TRIBUNES (PHOTOVOLTAIC 
(PV) SYSTEM BASIC ELEMENTS)? 

The components of solar tribunes are shown in Fig 1. Some of the most important 
components are described below. 

 

Fig. 1. Photovoltaic Systems 

Solar Panel 

Solar panels, which are the most basic part of photovoltaic systems, are the part where 
electricity is produced from the sun. The solar panel converts solar energy into electrical 
energy using solar cells made of semiconductor silicon material. Solar panels of different 
capacities are available. These vary according to the area and arrangement of solar cells. 
Solar panels are widely used in the market. They are solar panels with a capacity of 5W 
(Watt), 10W, 60W, 100W, 150W, 260W, and 275W. 

Charge Controller 

The charge controller regulates and stabilizes the dc energy coming from the solar panel and 
creates stable dc electrical energy for the charging of the batteries. To charge the batteries 
from a dc source, the charging current and voltage must be regulated and constant. The 
voltage and current produced by the solar panel are not constant, so a charge controller is 
needed for efficient charging of the batteries. Charge controllers also prevent reverse current 
from flowing from the battery to the panels. It protects the battery from overcharging. The 
charge controller cuts off the electricity from the solar panel when the battery is full. There 
are two types. These are PWM (Pulse Width Modülation) and MPPT (Maximum Power 
Point Tracking) charge controllers. 

Batteries 

Battery quality is very important for off-grid photovoltaic systems with solar storage. The 
battery should have high charge-discharge efficiency and long life. It should be resistant to 
temperature and adverse environmental conditions. Batteries commonly used in solar 
systems are gel batteries and some deep cycle leads acid batteries. 



61 
 

Inverters 

Inverters are electronic devices that convert DC electrical energy into AC electrical energy. 
There are three types of Off-Grid photovoltaic systems square wave, modified sine, and full 
sine. Modified sine and full sine models are frequently used in solar systems [14]. 

HOW IS PRODUCED ENERGY STORED? 

Excess solar energy can be stored with a Solar Cell. The solar battery is useful in many ways 
because it helps you take advantage of the electricity your solar system produces when you 
need it. We use energy to heat and cool our homes during the day, but lights and other 
electronic devices are mostly used after work and at home in the evening. Unfortunately, 
this is also when solar panels stop producing energy. 

The solar battery helps alleviate this problem by storing the excess electricity produced by 
your solar panels for your evening consumption. That way, you can continue to use clean 
energy when you get home from work instead of drawing energy from the power grid, which 
likely uses coal or some other form of fossil fuel energy. 

POWER QUALITY PROBLEMS OF SOLAR PANEL 

Power quality problems in solar power plants are as follows can be sorted: 
 Transient voltage 
 Continuous voltage variations: The general output power voltage level in 

renewable energy sources may increase or decrease. 
 Voltage imbalance: Another important factor affecting power quality is voltage 

imbalance. 
 Wave distortion-Harmonics: The total high-frequency waveform makes up the 

distorted fundamental waveform. 
 Voltage fluctuations and flickers: In a healthy network, the voltage is 50 Hz, and 

a pure sine wave should be in the form. However, this is not always the case. 
Network voltage can sometimes oscillate at lower frequencies. 

 Power frequency variations: Frequency is one of the most important factors in 
power quality at the power source, and demand imbalances cause frequency 
oscillations. For this reason, in grid-connected systems, grid frequency and 
system frequency are synchronized should be done [15]. 

DESIGN AND SIMULATION WORKING 

DC-DC Converter 

The converter is an electronic circuit or electromechanical device that converts a source from 
one voltage level to another. It is a type of electric power converter. Generally, there are 4 
converters. These are AC-AC, AC-DC, DC-AC, and DC-DC.  

NOTE: In this project, only DC-DC converters were mentioned. Because "DC-DC Boost 
Converter Modelling and Design for Solar Energy" will be studied. A DC-DC converter is 
an electronic circuit or electromechanical device that converts a DC direct current source 
from one voltage level to another. It is a kind of Electric Power Converter. 
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Specific to these converters is that the energy flows in both directions of the converter. These 
converters are commonly used in various applications, and they are connected between two 
levels of DC voltage, where energy is transferred from one level to another [16]. These 
converters are; the Boost DC-DC converter, Buck DC-DC converter, Boost-buck non-
inverting DC-DC converter, and Boost-buck inverting DC-DC converter. 

Which Is The Best Dc-Dc Converter To Use With Solar Pv Panels? 

DC-DC Boost Converter is more suitable for PV (photovoltaic) systems connected in series. 
Since the voltage level of PV is usually low, a boost converter is preferred in most cases. PV 
cells break down when the pulsed current is consumed. The most typical solution is a boost 
converter with a constant frequency resonant converter (when you have full resonance and 
almost no switching losses). 

The microprocessor to be used represents the control of the converter. As known, the boost 
converter is the variable DC voltage of the input, the operating ratio of the switch D (Duty 
Cycle=D). It is used by changing the PWM (pulse width modulation). It amplifies by 
switching and passes it to the output. PWM manages the modulation cycle. 

Buck, flyback, forward converter, etc., can be used, but to design a good solution, you need 
to add a current filter that should be taken into account. However, this negatively affects my 
overall efficiency and power density. The use of the converter depends on the voltage level 
required for the application. Since the voltage level of the PV is usually low, in most cases, 
a step-up converter is preferably used. In this project, it will be more useful to use “Boost 
Converter” as the booster is dc-dc. 

Dc-Dc Boost Converter (Topology of Dc-Dc Boost Converter) 

The DC voltage applied to increase the converter input gives higher DC to the output. They 
are circuits that transfer by converting to voltage. Boost converter circuit includes 
inductance, capacitor, diode, and switching element. When the switch is switched on, the 
diode is in reverse polarity, it is in the cut. The circuit, coil, and key are completed. This 
word stores some energy on the coil. The load capacity at the outlet is fed. Here the capacitor 
current is high is worth. When the switch is switched off, the source voltage and the coil 
voltage a total tension is seen. The current drawn from the source is continuous. Key in key 
control, handed over by a control. The state of switching on and off by changing the 
operating ratio D (Duty Cycle). This toggle can show the status according to the input 
voltage and, accordingly, the output voltage [17]. Fig.2 shows the design of the DC-DC 
Boost Converter Topology Circuit. 

The microprocessor to be used will show the control of the amplifier converter. As it is 
known, the amplifying converter, the incoming variable DC voltage of the input, and the 
switch operating ratio (Duty Cycle=D) by changing D, i.e. PWM (Pulse Width Modulation-
Pulse Width Modulation). It raises and transfers it to the output through its switching. Here 
is microprocessor comes into the circuit, and this PWM (Pulse Width Modulation-Pulse 
Width). It manages the modulation switching.  

CONVERTER CALCULATIONS 
Converter coil value;   
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D value varies between 0 <D <1, and the output voltage is higher than the input voltage. 
Thus, this circuit booster type converter. It is called “Boost Converter”. The lowest value of 
the output voltage D = 0, and the output voltage becomes equal to the input voltage. When 
the fill ratio is D=1, the output voltage becomes infinite. Therefore, in applications, the D 
value is selected in the range of 0.1 <D <0.9.  

So parameters such as: L (Inductor) =1000uH, C (Capacitor) = 2200uF, R (Resistance) =10Ω 
and fs (Switching Frequency) = 5MHz. 

DC-DC BOOST CONVERTER EXPERIMENTAL WORKING OF SIMULATION 
DESIGN 

Solar energy, wind energy, biomass energy, geothermal energy, hydraulic energy, hydrogen 
energy, and wave energy are used as renewable energy. The most widely used type of 
renewable energy is solar energy. Because solar energy is an environmentally friendly 
energy source with its unique inexhaustible feature and great renewable potential. [5]. 

Due to certain weather and climatic conditions, the desired output voltage and power of PV 
panels cannot be obtained. Therefore, efficiency can be increased by using DC-DC boost 
converters. 

Of course, when designing this circuit, attention should be paid to the calculation of circuit 
elements suitable for the topology, such as PWM, duty cycle, and microprocessor. 

 

If Vin = 20, Vout = 29.85 V, fs = 5 MHz in Equation (3);  

 D= 

201 1 0.33 %33
29.85

in

out

V

V
    

 

If Vin = 20, Vout = 57.4 V, fs = 5 MHz in Equation (3);  

 D = 

201 1 0.65 %65
57.4

in

out

V

V
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Comparing the calculation results, I found that at a high switching frequency (fs = 5 MHz), 
the output voltage changes (Vout = 29.85 and Vout = 57.4 V), even if I apply a constant 
input voltage (Vin=20V) and change the duty cycle. This study can benefit from the low cost 
and high speed of the control circuit. For this reason, it can be recommended to use boost 
converters for solar energy. 

When designing this experiment, the minimum output voltage and current were found at the 
lowest (D=33%) value of the duty cycle in the 1st experiment. In the second experiment, the 
maximum output voltage and current were obtained at the highest value of the duty cycle 
(D=65%). 

In section 3.1.2. DC-DC Boost Converter (Topology of DC-DC Boost Converter), dc boost 
topology is explained. In this direction, the DC-DC Boost converter is obtained in Fig.2. Dc-
Dc Boost Converter Circuit in MATLAB, using the Matlab program. 

  

Fig. 2. Dc-Dc Boost Converter Circuit in MATLAB 

EXPERIMENT 1: DUTY CYCLE FOR %33  

In Fig.3, while the Duty Cycle is 33%, the Minimum Output Voltage value is 29.62 V. 

In Fig.4, while the Duty Cycle is 33%, the Output or Load current value is 2.93 A. 



65 
 

 
Fig. 3. Vout=Vload=29.62V 

 
Fig. 4. Iload=Iout=2.93A 

EXPERIMENT 2: DUTY CYCLE FOR %65 

In Fig.5, while the Duty Cycle is 65%, the Maximum Output Voltage value is 53.18V 

In Fig.6, while the Duty Cycle is 65%, the Output or Load current value is 5.291 A 

 
Fig. 5. Vout=Vload=53.18V 
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Fig. 6. Iload=Iout=5.291A 

RESULTS AND DISCUSSION 

The most popular renewable energy source application using solar energy is the generation 
of energy. Photovoltaic panel applications are energy generation with the solar source of the 
methods. Solar energies have been examined separately, and the types, how it produces 
electricity, how they store electricity, and the factors that disrupt their power quality have 
been examined. 

In this Project, the output voltage of the solar photovoltaic panel is generally low and should 
be increased for proper use. So using DC-DC Boost Converter to provide this voltage boost. 
In this study, a microcontroller-controlled Boost Converter was offered.  

As a result of this work, as seen in Fig. 3 and Fig. 4. Show minimum voltage value is 
Vout=Vload=29.62 V, and the minimum current is Iload=Iout=2.93A. Fig. 5 and Fig. 6 show 
maximum voltage is Vout=Vload=53.18V, and the maximum current is 5.291 A. So it has 
been proven that minimum and maximum voltage values can be obtained in different duty 
cycles. 

Necessary studies have been done for the system, and the result may be a circuit. Necessary 
circuit applications were made according to these simulations and their results. The system 
can be developed further by carrying out the necessary research and development studies. 
The system can be made more useful by making studies that will reduce the losses and 
increase the efficiency even more.  

Realized power and control circuit, different duty cycle situations, and it has been operated 
for different occupancy rates. With this work, the control circuit implemented software and 
hardware low from the advantages of costly and high speeds. Therefore, it is recommended 
to be used in Boost Converters. So, the experimental results obtained approximately coincide 
with the theoretical analysis. It shows the success of the work. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

In recent years, people have tended to use renewable energy sources due to the use of fossil 
fuels to obtain energy and the damage of fossil fuels to the environment. Wind energy, as a 
renewable energy source, has been produced in large-scale power plants and has helped to 
diversify energy.  

This study it is aimed to generate energy by placing a horizontal axis wind turbine in the fan 
chamber while the indoor air, which includes dust and small fibre particles released to the 
outside by the suction motors thanks to the suction and discharges air conditioning chambers 
in order to balance the indoor climate in a factory which is producing denim fabric.  

With the work to be done, it is aimed to undertake the duty of a source for the air conditioning 
systems, which have been seen as a consumption element in enterprises until today. It is 
aimed to create a platform for the use of renewable energy in enterprises, expand the use of 
renewable energy in industrial factories, and create a production model in which wind 
turbines can be used indoors, thanks to the wind turbine that will use an uninterrupted air 
flow when the air speed is continuous, and the fabric weaving business operates. 

METHODS 

This study was carried out in Çalık Denim Textile company between 2021-2022. In the 
study, indoor air suction motors, which keep the ambient climate of the weaving mill in 
balance, transfer the air to the outside environment from a room. During this air transfer, 
electrical energy was tried to be produced by rotating a wind turbine placed in the room with 
the help of air reaching a certain speed. 
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Fig. 1.  Indoor Suction Motor in Air Discharge Room 

The turbine is positioned on a movable chassis, and as a result of the measurements made 
with the anemometer, it is positioned in the region where the airflow is fast a 1 kW/h wind 
turbine was used to generate energy in the air conditioning room. The fan continues to 
airflow as long as the weaving mill is running. The energy obtained by converting the 
incoming AC current in the turbine alternator into DC current by the inverter used in the 
system is stored by 4 12V DC batteries. 220V socket connection is made from the AC output 
of the inverter, and this energy can be used in appropriate places. The turbine has an off-grid 
system. An electronic circuit is designed to control and record current, voltage and ambient 
conditions. 

 

Fig. 2.  1 kW/h Wind Turbine in Air Discharge Room 

A circuit board is designed to reveal the air profile in the room where the turbine is located 
and to calculate the power of the turbine. Thanks to the sensors on this circuit board, the 
voltage and current produced by the turbine will be monitored, the speed of the air discharged 
by the fan motors will be measured with the anemometer, and the temperature, humidity, 



71 
 

pressure, altitude and air pollution will be determined with the help of the sensors. These 
detected values are converted into a value by using various algorithms in the microprocessor 
on the card, and they are instantly displayed on a TFT LCD screen on the card. The obtained 
data is recorded every 10 minutes and saved to an SD card as a log. 

 

 Fig. 3.  Sensor Tracker Electronic Circuit 

RESULTS 

At the end of the measurements taken for about 3 months, the averages of current, voltage, 
air velocity, ambient humidity, temperature and turbine power were calculated as shown 
below in Table 1. The turbine voltage is directly proportional to the air speed. Airflow was 
not interrupted as long as the weaving mill was running. As long as the turbine was running, 
it did not require maintenance. The energy use of the suction and discharge motors, which 
energy use has increased or decreased according to the indoor humidity, has been close to 
the previous months. There has been no significant change in the energy use of air 
conditioning systems. 

Since we can calculate the current and voltage, we calculated the power of the turbine with 
the formula P=V.I.√3. Since the system has a 3-phase supply, the current and voltage are 
multiplied by √3. 

Since the efficiency of the turbine is directly dependent on the air speed blown by the fan 
motor, the climatic conditions of the room were recorded for control purposes only.  

In the measurements, it was observed that the air quality of the room was insufficient. TVOC 
is used to estimate the total Volatile Organic Compounds (VOC) that are present at the same 
time in the air. Detecting TVOC in the 220 ppb to 660 ppb range indicates poor ventilation 
efficiency. The average tvoc value in the air conditioning room was measured as 304 ppb. 
The reason for this may be that the turbine takes the air directly on it and directs it to the 
outdoor air intake motor in the next room after rotation movement. 
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An average of 141.66 watts of power was obtained from the turbine, and the average air 
speed was 6.49 m/s. 

Table 1. Voltage, current and Air Profile 

Date Time T(°C) Pressure 
(hPa) 

Altitud
e 
(m) 

Humidity 
(%) 

Tvoc 
(ppb) 

Wind 
(m/s) 

V 
(AC) 

I 
(RMS) P (Watt) 

21.12.2021 13:08:45 27.74 904.78 944.94 52.22 21 4.73 27.58 1.72 82.15 
21.12.2021 13:10:55 27.76 904.78 944.95 52.19 9 5.23 30.49 2.39 126.22 
21.12.2021 13:20:52 27.43 904.78 944.97 52.94 50 5.64 32.88 2.24 127.57 
21.12.2021 13:30:55 27.61 904.84 944.44 50.97 77 5.15 30.02 1.61 83.72 
21.12.2021 13:40:55 27.55 904.84 944.45 51.12 263 6.06 35.33 2.59 158.49 
21.12.2021 13:50:57 27.63 904.72 945.52 51.47 331 5.48 31.95 2.38 131.7 

. . . . . . . . . . . 

. . . . . . . . . . . 

. . . . . . . . . . . 
24.03.2022 14:15:28 32.96 908.05 915.17 36.63 429 7.72 45.01 3.81 297 
24.03.2022 00:54:23 33.55 903.94 952.61 34.78 595 7.39 43.08 3.89 290.28 
24.03.2022 16:25:39 33.12 908.95 906.98 35.71 567 6.74 39.28 3.98 270.76 
24.03.2022 05:44:47 33.23 905.09 942.11 35.42 425 5.48 31.95 4.34 240.15 
Avg.   28.61 908.2 913.04 41.86 304 6.49 37.85 2.15 141.66 

CONCLUSIONS 

In this study, it has been determined that wind turbines producing electricity with wind 
energy in nature can produce electricity with waste air of factories in closed environments. 

A new working model has been created for wind turbines, and the air conditioning systems 
of industrial factories have served as a source for wind turbines. 

It is thought that the installed wind power will increase by using the waste air velocity 
expelled from the factories located in the regions where the wind speed is low. 

Keywords: Renewable energy, air conditioning, wind turbine, waste air 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Global warming, increasing waste generation, and depletion of natural energy resources are 
some of humanity's environmental problems today. All these problems are closely 
interconnected and entail changes in human life. For example, the depletion of natural 
resources forces energy-intensive industries to either reduce production capacity or look for 
alternative ways to solve the current problem. In addition, another critical problem arises for 
industrial sectors that use solid fuel in coal ‒ increased greenhouse gas emissions. The 
increase in municipal solid waste (MSW) generation makes people look for ways and 
methods to process and dispose of non-recyclable fractions. In our opinion, all these three 
environmental problems can be solved by producing fuel from waste and using it as 
alternative fuel during clinker firing. What will we get as a result:  

1) the amount of non-recyclable waste sent to the landfill will reduce;  

2) the consumption of solid fossil fuels will reduce;  

3) the greenhouse gas emissions will reduce, such as SRF is 60% composed of 
biogenic components. 

The purpose of this study was to investigate the composition and properties of solid recovery 
fuel (SRF) and the possibility of using SRF as an alternative fuel in the cement industry. To 
achieve the aim, it is necessary to perform the following tasks:  

‒ to investigate the main properties of SRF and prove that it is a viable fuel that can 
be used in clinker firing as an alternative fuel; 

‒ to investigate the properties of the ash obtained after the incineration of SRF to 
find out does the ash contain clinker forming minerals. 

METHODS 

According to [1], SRF is a fuel produced from non-hazardous waste following EU standards. 
Only fuels produced following EN15359 [2] may be called “SRF”. SRF is sampled and 
tested according to EU standards. In the assessment of SRF as an alternative fuel in the 
cement industry, the following properties were determined:  

- ‒ morphological composition ‒ CEN/TS 15415:2006 [3];  

mailto:inna.pitak@lei.lt
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- ‒ chlorine content (Cl) ‒ EN 15408:2011 [4];  
- ‒ mercury content (Hg) ‒ EN 16175-1:2016 [5];  
- ‒ calorific value (CV) ‒ EN 15400:2011 [6];  

‒ XRD analysis was carried out on BRUKER D8 ADVANCE diffractometer with 
CuKα radiation at 40 kV in 2Θ (5o÷70o) interval at scanning step 0.02o; 

RESULTS 

The research area was the production of SRF from refused-derived fuel (RDF) obtained from 
Lithuania's mechanical-biological treatment (MBT) plants and the study of its properties. At 
the Kaunas, the MBT plant determined the morphological composition of the material under 
study (Table 1, Fig. 1).  

   

After the first part of the 
separation (paper) 

After the second part of 
separation (soft plastic) 

After the third part of 
separation (hard plastic) 

Fig. 1. Morphological composition of RDF 

Waste from the Kaunas MBT was taken for the study, with a similar morphological 
composition as the waste sent for incineration at the cogeneration power plant. From the 
materials obtained for the study, glass, metals and prohibited materials (chlorine- and 
mercury-containing) were extracted. In order to use the waste with maximum efficiency, it 
was proposed to investigate the use of non-recyclable waste fractions as an alternative fuel 
in the clinker firing. SRF composition was obtained after several technological stages: 
extraction of prohibited and inert materials, shredding and drying. After that, the prepared 
SRF was burned in a muffle furnace at a temperature of 950 °C for one hour and ash was 
obtained for research. The main characteristics of SRF are summarized in Table 1. 

Table 1. Characteristics of RDF and SRF 

Fraction Value average, % 
RDF SRF 

Plastics (PET, PE, HDPE, LDPE, PP, PS) 20.8 19.3 
Paper 36.9 31.365 
Textile 36.4 30.94 
Glass 1.7  
Metal 3.7  
Wood 0.5 0.425 
Total 100 82.03 

  Value average, 
% 

Standard values, 
% 

Chlorine content, % ‒ 0.53  3 ‒  0.2 
Mercury content, mg/kg‒1 ‒ 0.02  0.5 ‒  0.02 
Net calorific value, kcal/kg ‒ 5294 5971 ‒ 717 
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Based on the data presented in table 1, it can be said that the prepared SRF belong to the 
second class in terms of the main classification characteristics [2] and can compete with solid 
fuel (coal), which cement enterprises currently use. 

Table 2 shows the results of the XRD-Rietveld analysis. The Rietveld analysis was used to 
refine crystal structures ash of SRF. Fig. 2 shows XRD analysis of ash obtained after 
incineration of SRF. 

Table 2. XRD-Rietveld analysis of ash, obtained after incineration of SRF 
Minerals Amount, 

% 
Minerals Amount, 

% 
Quartz (SiO2) 28.44 Muscovite 

(KAl2(AlSi3O10) 
3.0 

Hematite (Fe2O3) 1.42 Albite (Na(AlSi3O8) 6.89 
Diopside (CaMg(Si2O6) 4.87 Brushite 

(CaPO3(OH)2H2O 
2.17 

Cristobalite (SiO2) 7.07 Perovskite (CaTiO3) 1.01 
Gehlenite (Ca2Al(AlSiO7) 2.05 Calcite (CaCO3) 5.78 
Akermanite (Ca2Mg(Si2O7) 5.19 Wollastonite (CaSiO3) 5.06 

 

Fig. 2 XRD analysis of ash obtained after incineration of SRF 

The XRD-Rietveld analysis shows that the ash of SRF contains crystalline phases. The 
presence of the crystalline phase is favourable in clinker production since the chemical 
activity of clinker minerals in relation to water depends on their crystal structure. Therefore, 
SRF can use as an alternative fuel during the clinker firing because fuel from waste is an 
alternative to solid fuels, and as a result, we get ready-made clinker, reduce the consumption 
of natural resources and approach the goals of the circular economy. 

CONCLUSIONS 

This study investigated the composition and properties of SRF produced from RDF and the 
possibility of using SRF as an alternative fuel in the cement industry. The characteristics of 
the SRF have been defined and compared to the European standard. According [2], produced 
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SRF refers to the second class by classification characteristic: NCV=5294 kcal/kg, 
Cl=0.53 % and Hg=0.02 mg/kg‒1. It has been experimentally proven that the ash obtained 
after incineration of SRF has crystalline phases and consists of clinker-forming minerals. 

Keywords: SRF, RDF, alternative fuel, characteristics, crystalline phases, clinker-forming 
minerals. 
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EXTENDED ABSTRACT 
 
 

Global energy demand has increased over the last decades, with cities around the world being 
the main consumers of energy. In fact, EU cities consume between 60-80% of the total 
energy produced, which is directly related to the 72.6% of the EU population living in urban 
areas [1]. This figure is expected to grow in the following years [2]. Thus, this scenario not 
only contributes towards the energy problem but also in posing other challenges, such as the 
disruption of the natural water cycle due to the waterproofing of large urban areas [3]. 
Multifunctional surfaces and structures in urban environments designed in combination with 
energy techniques have been identified as potential means to alleviate the aforementioned 
issues whilst minimizing the hydrological impact in urban catchments [4]. Charlesworth et 
al. [5] gathered numerous studies about the potential thermal use of permeable pavement 
systems (PPS) in their review study, concluding that the design of Sustainable Drainage 
Systems (SuDS) together with horizontal geothermal techniques produced promising results, 
paving the way towards a new line of research. In addition, other studies, such as Rey-Mahía 
et al. 2019 outlined the need to further investigate heat transmission processes taking place 
in SuDS, focusing on the materials utilized in the varying layers of their structures [3]. 

The research presented in this paper aims to continue this line of investigation by assessing 
the thermal properties associated with several types of materials utilized as sub-base and 
base layers in PPS. For this purpose, a series of tests were carried out in the laboratory using 
a climatic chamber and a calibrated hot box, equipment included in the ISO 8990 [6] and the 
ASTM C1363 [7] standards. These tests can be used to analyse the thermal performance of 
permeable pavements. Thus, the experiment consisted of subjecting the cross-section of a 
PPS for pedestrian and cycle paths to a stabilized heat flow. The test began at 20ºC until 
reaching a temperature higher than 50ºC, maintaining this value until stabilization. The tests 
were carried out with the PPS under dry, wet and saturated conditions. In saturated 
conditions, the section is completely filled with water. In wet conditions, the excess is 
removed, leaving the remains after saturating the section. 

Values of temperature and thermal flux were collected in the laboratory tests over the 
duration of the experiments. As a consequence, it was possible to calculate the value of the 
thermal transmittance of the studied structure according to standards based on the data 
collected. Finally, a value of 0.88 W/m2K was reached under dry conditions, 2.44 W/m2K 
for the wet test and 4.45 W/m2K under the saturated test. 
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This research presents the thermal performance of materials utilized in the cross-section of 
PPS under different hydrological scenarios by using a standardized equipment. With the 
results obtained in the tests, better thermal behaviour in dry conditions has been verified, 
with heat transfer being three times less than in wet conditions and 6 times less than in 
saturated conditions. In addition, these experimental data can be used for numerical 
simulations to optimise the thermal design of the PPS. This will help to improve the thermal 
performance of surface geothermal systems in combination with PPS, also allowing the 
study of the inclusion of new materials.  

The results obtained help strengthen the knowledge in this new research area, allowing 
further investigations into the thermal behaviour of PPS and other SuDS in order to optimize 
their design in combination with heat pump elements. In this way, it will be possible to 
design PPS with a more efficient cross-section for geothermal use. Thus covering the next 
research steps set out by other authors [3, 5]. 

Keywords: Pervious paving systems, Hot-Box test, Ground Source Heat Pumps (GSHP), 
Sustainable Drainage Systems (SuDS), energy-water nexus, Green Infrastructure (GI), 
Nature-Based Solutions (NBS). 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

The increasing use of fossil fuels for the increasing energy demand in the world in the last 
century has caused serious environmental pollution. One of the energy sources needed to 
correct this situation is the sun. It is a renewable energy source that can be an alternative to 
fossil fuels in terms of solar potential. The sun, which has different uses, has had an 
important place in human life since ancient times. In recent years, the usage areas of solar 
energy have been increasing, and researchers have been carrying out intensive studies on 
this subject. It is seen that researchers use solar energy effectively, except for indoor heating 
and water heating purposes only with traditional methods. Some of these are solar cookers, 
fruit dryers and natural ventilation [1-3]. In these methods, it is mainly used in the form of 
absorption of solar radiation. Unlike these purposes, solar energy can be used to produce 
electricity directly or indirectly. Electricity generation with direct solar energy is PV systems 
that have been very popular in recent years. PV systems are solar energy systems that directly 
convert the solar radiation falling on them into electrical energy with the special materials 
in their structure [4]. Systems that indirectly convert solar energy into electrical energy are 
different from PV systems. These systems transfer solar energy to the air in their structures. 
This increases the kinetic energy of the air in the system. The kinetic energy of the air is 
converted into electrical energy by means of a turbine [5-6]. Solar chimney power plants are 
one of the solar energy systems that work in this way. These systems, which consist of 3 
structural elements, turbine, collector and chimney, have attracted the attention of 
researchers in recent years with their simple structures [7]. Solar radiation reaches the ground 
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through the semi-transparent collector. In the meantime, some of the solar energy is absorbed 
by the system air. The rest causes an increase in temperature on the ground. The increase in 
the energy of the system air leads to an increase in its velocity. It is the only outlet of the air 
with high chimney velocity placed in the collector centre. Therefore, the system air is 
discharged from the chimney. Meanwhile, the air hitting the turbine, which is at a certain 
height in the chimney, generates electricity. Although it was first introduced a long time ago, 
the first application of solar chimney power plants was in the 1980s. The Manzanares facility 
established in Spain is considered the first application in this field. The system, which has a 
chimney height of 194.6 m, has a collector in a radius of 122 m [8]. In the first experimental 
studies on the system, it is seen that it gives a power output of about 50 kW at noon in the 
summer months [9]. Solar chimney power plants attract great attention after the first 
application. The reason for this is the pressure difference created by the high chimney in its 
structure [10]. With this pressure difference, the possibility of generating electricity during 
the hours when the sun is not present makes the system very attractive. Initial studies after 
the Manzanares pilot plant mostly focus on power output and efficiency depending on the 
geometric parameters of the system. However, it is shown by researchers that design changes 
have significant effects on the system in later periods. It is aimed to increase the performance 
of the system with the integration of different energy sources and hybrid systems. The 
geometric and design parameters affecting the performance of the system are given in 
Table 1. 

Table 1. The geometric and design parameters affect the performance of the system. 

References Effects of geometric and 
climatic parameters References Design effects 

[11-13] 

Since the chimney is the driving 
force of the system, the increase in 
the height of the chimney directly 
increases the performance of the 
system. 

[16-17] 

Floor design and slope 
affect the performance 
of the system. The rise of 
the ground towards the 
chimney for the pilot 
plant causes a 17% 
increase in the 
performance of the 
system. 

[14,6] 

Collector size affects the amount 
of energy entering the system. 
Therefore, increasing the collector 
radius improves the performance 
of the system. However, after a 
certain point, enlarging the 
collector does not affect the 
performance of the system. 

[18-19] 

The collector slope 
improves the 
performance of the 
system to a certain 
extent. However, after a 
certain point, it affects 
the system negatively. 

[7,15] 

Environmental temperature and 
solar radiation intensity have a 
determining effect on the 
performance of the system. The 
solar radiation intensity increases 
the power output of the system 
linearly. 

[19-21] 

The divergent flue 
design doubles the 
performance of the 
system compared to the 
reference situation (for 
the Pilot plant). 
Increasing the chimney 
inclination angle after a 
point has a negative 
effect on the 
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performance of the 
system. 

By integrating other systems into solar chimney power plants, their performance can be 
increased. Researchers try to increase the performance of the system by creating hybrid 
systems with methods such as ground energy storage, using geothermal energy sources, heat 
exchanger integration, and adding PV. Some examples of energy storage integrated and 
hybrid systems are given in Table 2. 

Table 2. The geometric and design parameters affect the performance of the system. 

References Energy storage References Hybrid systems 

[22-23] 

By using different soil and 
material types on the ground, 
energy can be stored here during 
the day, and power output can be 
obtained even when the sun is not 
present. 

[26-27] 

A hybrid system is 
created with PV modules 
to be integrated into 
different parts of the 
system. In this way, 
additional power output 
is obtained from the PV 
system while the power 
output is taken from the 
system. In addition, the 
PV system works more 
efficiently with the 
cooling effect of the air-
fluid. 

[24-25] 

The use of additional water for 
energy storage on the ground 
reduces power output during sun 
hours. However, it provides power 
output during the hours when there 
is no sun, thus providing more total 
power output in the 24-hour 
period. 

[28-30] 

Some researchers create 
a hybrid system to obtain 
clean water and 
desalinate seawater. It is 
stated that while 
obtaining clean water 
from the system, an 
increase in performance 
is also observed. 

Although there are many studies on solar chimney power plants, some points are open to 
improvement. Especially unlike other solar energy systems, the fact that it allows power 
output during the hours when the sun is not present makes these systems privileged. In this 
study, this feature is emphasized by using natural materials as an energy storage unit. In 
addition, a new design is created by using the divergent flue design that improves the power 
output instead of the standard cylindrical chimney. Performance evaluation of a system with 
a divergent chimney with an energy storage unit is presented. 

METHODS 

This study is based on the geometric dimensions of the Manzanares pilot plant. Geometric 
data of the pilot plant are given in Table 3. The chimney outlet radius is taken as 10.16 m 
while the work is being carried out. The reason for this is that the maximum power output 
range in divergent chimney design from previous studies is 3.5-5 AR [21]. The AR 
expression expresses the ratio of the chimney outlet area to the chimney entrance area. In 
this study, the AR value is taken as 4. In addition, experimental measurements show that the 
temperature value remains almost constant throughout the day from 0.5 m below the ground 
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[9]. For this reason, a floor thickness of 2 m is considered sufficient. The engineering 
commercial software ANSYS is used for the study. The schema, 3D view and mesh image 
of the model are given in Figure 1.  

Table 3. Geometric data and working dimension details of the Manzanares pilot plant [8]. 

Geometric parameter Value 
Chimney height 194.6 m 

Chimney inlet radius 5.08 m 
Chimney outlet radius 10.16 m 

Collector radius 122 m 
Average collector height 1.85 m 

Energy storage unit thickness 2 m 

During the analysis, the flow is considered to be continuous and constant. It is assumed that 
environmental conditions do not change in each analysis. Conservation equations are solved 
simultaneously, and each equation can be given as: 

● Continuity equation 
 𝜕(𝜌𝑢)

𝜕𝑥
+
𝜕(𝜌𝑣)

𝜕𝑦
+
𝜕(𝜕𝑤)

𝜕𝑧
= 0. (1) 

● Momentum equation 
 𝜕(𝜌𝑢𝑢)

𝜕𝑥
+
𝜕(𝜌𝑢𝑣)

𝜕𝑦
+
𝜕(𝜌𝑢𝑤)

𝜕𝑧
=

−𝜕𝑝

𝜕𝑥
+ 𝜇 (

𝜕2𝑢

𝜕𝑥2
+
𝜕2𝑢

𝜕𝑦2
+
𝜕2𝑢

𝜕𝑧2
); (2) 

 𝜕(𝜌𝑣𝑢)

𝜕𝑥
+
𝜕(𝜌𝑣𝑣)

𝜕𝑦
+
𝜕(𝜌𝑣𝑤)

𝜕𝑧
=

−𝜕𝑝

𝜕𝑦
+ 𝜇 (

𝜕2𝑣

𝜕𝑥2
+

𝜕2𝑣

𝜕𝑦2
+
𝜕2𝑣

𝜕𝑧2
); (3) 

 𝜕(𝜌𝑤𝑢)

𝜕𝑥
+
𝜕(𝜌𝑤𝑣)

𝜕𝑦
+
𝜕(𝜌𝑤𝑤)

𝜕𝑧
=

−𝜕𝑝

𝜕𝑧
+ 𝜇 (

𝜕2𝑤

𝜕𝑥2
+
𝜕2𝑤

𝜕𝑦2
+
𝜕2𝑤

𝜕𝑧2
) + 𝜌𝑔𝛽(𝑇 − 𝑇𝑎); (4) 

● Energy equation 
 𝜕(𝑝𝑐𝑢𝑇)

𝜕𝑥
+
𝜕(𝑝𝑐𝑣𝑇)

𝜕𝑦
+
𝜕(𝑝𝑐𝑤𝑇)

𝜕𝑧
= 𝜆 (

𝜕2𝑇

𝜕𝑥2
+

𝜕2𝑇

𝜕𝑦2
+
𝜕2𝑇

𝜕𝑧2
). (5) 

The boundary conditions of the system are given in Figure 1. The flow regime is considered 
turbulent [21]. The bossiness approximation is used for density. The convergence criterion 
is taken as 10-6. 
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Fig. 1. Solar chimney power plant model and boundary conditions, 3D 
visual and mesh view. 

RESULTS 

Before starting the analysis, a mesh-independent solution is made for the model. For the 
accuracy of the model, experimental data from the pilot plant is taken as a reference. It has 
been shown in the previous study that the divergent chimney design gives more power output 
than the cylindrical chimney [21]. In the study, in addition to the divergent chimney design, 
the possibility of the system to give power output is interpreted by using an energy storage 
unit during the hours when there is no sun. 

CONCLUSIONS 

Solar chimney power plants differ from other solar energy systems in terms of their 
dependence on the sun. This study highlights the importance of energy storage in the ground, 
in addition to the fact that the divergent flue design improves the performance of the system. 

Keywords: Energy storage, divergent solar chimney power plants. 
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EXTENDED ABSTRACT  
 
 

OVERVIEW 

In 2019, European Commission launched the new Green Deal strategy with the very 
ambitious goals for the E.U. to become the first climate-neutral continent by 2050. Many 
sectors have to be changed and adopted by increasing the sustainability of the use of 
resources. For the agricultural sector, one of the main challenges will be to reduce the use of 
synthetic fertilizers and pesticides. In this paper, we are focussing on the possibility to 
change chemical pesticides with natural ones. The pesticides used can help crop plants 
protect themselves against various diseases or pests, but they are also harmful to the 
environment.  

Plant protection plays a key role in increasing crop production [1]. Crop protection measures 
aim to maintain and ensure certain standards of yield and quality, which are generally 
achieved by the control of pests, diseases, and weeds [2]. There are two options: using 
chemical pesticides, which are very effective or focusing on bio pesticides. Ecological crop 
protection involves biological methods based on specific microorganisms or natural 
compounds derived from plants [3]. Biological pesticides are derived from plants belonging 
to different families. They can be used as plant extracts or essential oils extracted from 
different parts of the plant (bark, leaves, roots, fruits, seeds, flowers, etc.) The parts of the 
plant are selected from the active compounds and their abundance in a specific part [4]. 

One of the ways to reduce pesticide use could be the introduction of allopathic plants, which 
are not only potential sources of allele chemicals but also renewable biomass to cropping 
systems. It is expected that one of the potential crops could be Artemisia dubia. The genus 
Artemisia belongs to the Asteraceae family and includes more than 500 species, and they 
are widespread in various regions of the world [5]. Plants of this genus are mostly used in 
medicine but are increasingly being immersed in their essential oils, which may have a 
pesticide effect. One such plant with a strong odour is the perennial mugwort (Artemisia 

dubia WALL). Mugwort has antimicrobial, insecticidal [6], phytochemical and antioxidant 
properties [5, 7, 8]. Plants of the Asteraceae family are extremely rich in a source of 
biologically active compounds such as polyphenols, terpenes, and flavonoids. It is expected 
that allelopathic plants such as mugwort could be widely used in sustainable and organic 
agriculture because of their potential role not only in controlling weeds and pests but also in 
promoting crop growth [9], but there is little information about their growth potential, 
chemical composition and effect on plants and the soil. 
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The study aimed to analyse mugwort productivity data and evaluate the chemical 
composition of biomass in different growing conditions. 

METHODS 

Field and laboratory experiments of Mugwort (Artemisia dubia WALL) were performed at 
the Institute of Agriculture, LAMMC, Kėdainiai distr., Akademija (55 ° 23′50 ″ N, 23 ° 
51′40 ″ E), department of Plant nutrition and agroecology and laboratory of Agrobiology. 

The field experiment was performed in the already established experiment "Mugwort 
biomass formation", which was started in 2016. The experiment included 9 different 
mugwort cultivation technology treatments, the fields were 14 m long and 3 m wide, with 
IV replicates. 

Biomass harvesting of mugwort was performed once, twice, and three times per vegetation 
season. The amount of biomass was immediately weighed and recorded. After cutting, one 
sample was weighed and placed in an oven at 105 ° C for 24 hours. A second sample was 
prepared for chemical composition analysis. Mugwort biomass was determined for carbon 
and nitrogen content using CHNS-O (ECS 4010 Elemental Combustion System) elemental 
analyser, dry matter content, and mineral content by analysis with inductively coupled 
plasma-mass spectrometry (ICP-MS). 

RESULTS 

After analysing the productivity of mugwort for several years, it can be stated that plants 
were the most productive in the second growing year (the first year was used for crop 
establishment, and the yield was not measured). The results show a decrease in yield each 
year. The highest biomass (18.15 ± 1.78 t ha-1) grown was obtained in plots fertilized with 
180 kg ha-1 of nitrogen. This yield was obtained in the first harvesting year, while later 
biomass weight was lowered by 14.27 % every year. Comparing the result with the research 
by Kryževičienė et al., it can be stated that the yield in our experiments was higher, 22.86 % 
[7]. 

According to the results of the research, the total carbon content in biomass ranges from 
43.47% to 46.94%. The maximum potency of the total nitrogen content (2.62%) was 
obtained when performing one harvest during the vegetation and fertilizing at the maximum 
rate of fertilizer. 

A mineral content study was performed to determine which crop biomass is richer in 
nutrients. Analyses were performed on selected mugwort harvested at different times. The 
results show that during the October harvest, plants accumulate the most sodium 
(21.87 mg/kg), potassium (1517.79 mg/kg), and calcium (6031.41 mg kg) compared to other 
harvests. Compared to other researchers [10], the amount of minerals was lower several 
times. However, boron (32.47 mg/kg) is accumulated most in July and phosphorus 
(1470.88 mg/kg) in June. 

CONCLUSIONS 

The increasing demand for environmentally friendly solutions forces us to look for 
biological products in crop management systems. One agricultural crop - Mugwort, has the 
potential as a natural pesticide, but there is a lack of information about it. It is therefore 
important to evaluate the potential plant used as a bio pesticide. The first results of the 
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experiments suggest that by harvesting mugwort biomass in the autumn, the highest yield is 
obtained. However, in the analysis of plant chemical composition, it can be stated that after 
harvesting in July, the mugwort biomass was richer in nutrition and biologically active 
substances. 

Keywords: Mugwort, biomass, productivity, chemical content 
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EXTENDED ABSTRACT  
 
 

OVERVIEW 

The E.U. Green New Deal has set a 55% emission reduction target by 2030 (compared to 
1990) and carbon neutrality by 2050. Assuming these targets are met in a linear fashion, 
E.U. energy-related cumulative emissions would reach approximately 53.5 GtCO2 by 2050, 
using 13% of the global carbon budget (1.5 °C targets with at least 67% likelihood 
mitigation). This is a significant increase compared to the current 8% E.U. share in global 
emissions (2020), especially since the European Commission plans to reduce this share 
[1][2]. Consequently, carbon removal may be required to offset surplus emissions above the 
carbon budget. This can result in high dependence on carbon removal technologies, such as 
bioenergy with carbon capture and storage (BECCS), direct air capture (D.A.C.), and 
afforestation. Energy modelling studies for Europe also show that BECCS and D.A.C. are 
crucial to reaching net-zero/-negative goals, resulting in 6-13 E.J. biomass demand and 20-
170 GW  carbon capture and storage (C.C.S.) capacity requirement in the E.U. [3]–[5]. This 
significant biomass demand can be met without using high sustainability risk biomass [6]. 
However, upstream emissions or extensive sustainability constraints are not considered, 
despite the fact that upstream emissions can be 10 - 120 kg CO2eq/G.J. in Europe, and 
additional sustainability issues emerge when accounting for impacts on soil quality, water 
use quality/efficiency, biodiversity, competition for land and land use change [7]–[11]. 
Implementing more comprehensive sustainable biomass standards of the revised Renewable 
Energy Directive [12] and International Energy Agency [11] reduces availability by 50%-
70% and only allows the local use of most biomass types (<500 km radius). Relying on 
large-scale carbon capture can also be a major risk due to uncertainty and low technology 
readiness levels [13], [14]. Therefore, it is crucial to tighten sustainability constraints and 
investigate the role of C.C.S. when modelling the feasibility of large-scale BECCS and 
D.A.C. implementation since they can have a large effect on the overall power system. 

Hence in this study, the effect of various power portfolio options are investigated (including 
cost-optimized capacity expansion and hourly unit commitment) on the Green Deal and E.U. 
carbon budget, focusing on 3 critical components of carbon removal: 

 Role of bioenergy; 
 Sustainable consideration of biomass; 
 Role of carbon capture and storage. 
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The outcomes of this study should reveal the feasibility of E.U. decarbonisation strategies 
as a function of biomass and C.C.S. 

METHODS 

This study consists of three main parts: 1. building the E.U. power system model for 2050 
generation portfolio optimization; 2. determining carbon removal requirements; 3. 
constructing biomass availability/sustainability criteria. 

MODELLING THE EUROPEAN POWER SYSTEM 

The energy model used to optimize the power system, and the role of bioenergy has been 
constructed in PLEXOS1. Within this modelling tool, capacity expansion of technologies as 
well as hourly unit commitment and economic dispatch (UCED) can be optimized. Spatial 
resolution is the EU-27, U.K., Switzerland, and Norway grouped into 10 regions in the E.U.: 
Benelux, Scandinavia, Germany, Iberia, Italy, Central Europe, Baltic, Balkans, France, 
British Isles as copper plates connected with fixed bidirectional high voltage cross-border 
transmission lines according to the ENTSOE-E 2027 cross-border expansion strategy [15]. 
The power system Greenfield capacity expansion for 2050 can choose from a wide range of 
generators and storage with detailed techno-economic assumptions from PRIMES2 [16]. 
Hourly parameters include renewable energy capacity factors (synthesized from ERA-5) and 
ENSTSO-E power demand for 2050 [15]. 

CARBON EMISSION CONSTRAINT 

The share of EU CO2 emissions compared to global emissions decreases linearly (Fig. 1). 
Assuming the reduction continues with the same gradient, an average share of 3% is 
considered for 2020-2050 [2]. Applying this 3% to the global carbon budget of 400 Gt CO2 
results in an E.U. carbon budget of 12 GtCO2. The cumulative emissions until 2050 exceed 
this budget by 42.5 GtCO2. To compensate for these surplus emissions, -0.85 GtCO2 net-
negative annual emissions are required from 2050-2100 by the power system.  

Fig. 1. Share of EU-27 of Global CO2 emissions 

SCENARIOS 

                                                           
1 More information about PLEXOS modeling tool: https://www.energyexemplar.com/plexos 
2 PRIMES is an EU energy system modeling tool by the European Commission: https://e3modelling.com/ 
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The Base scenario includes all generation and storage technologies for 2050 without 
sustainability considerations for biomass. Additional scenarios exclude biomass or C.C.S. 
and apply strict RED-II biomass sustainability constraints (Table 1). 

Scenarios have free optimization for generators and storage (unless stated otherwise). Fixed 
properties include transmission network, demand, hydro and geothermal, for the reasons 
described by van Zuijlen et al. [4]. Solar and wind availability assumptions are adapted from 
EU-JRC ENSPRESO, with 170 W/m2 average and 3% of the available natural areas for 
solar, and at least 20% average capacity factor for wind turbine locations [17]. 

Table 1. Scenarios for 2050 power system (biomass is also used for heat and as feedstock, 
therefore, only 45% of biomass can be used towards the power system)  

Base 
Intra-EU trade allowed. Base biomass1 availability for the power 
system includes the business as usual E.U. policy and biomass 
potential1 for 2050 (3.5 EJ/yr) [17].  

No Biomass Bioenergy capacity is not allowed  

No CCS3 CCS technologies are not considered, simulating the possibility of 
C.C.S. stagnating technology readiness level  

Strict Biomass 

Only strict sustainable biomass used2 (1.5 EJ/yr) no E.U. trade. Strict 
biomass availability is in line with E.U. Renewable Energy Directive 
(RED-II) sustainability criteria, with fossil fuel emission savings of at 
least 80% after 2026; and with IEA biomass sustainability criteria on 
land use and competition for land  

Strict biomass 
No CCS3 

The two above combined  

1Base biomass potential: Forestry: 2 EJ/yr, Agricultural: 0.4 EJ/yr, Waste: 0.34 EJ/yr, Energy crop:  0.75 EJ/yr 
2Strict biomass potential: Forestry: 0.8 EJ/yr, Agricultural: 0.16 EJ/yr, Waste: 0.31 EJ/yr, Energy crop: 0.2 
EJ/yr 
3No C.C.S.' excludes all carbon capture technologies if the technology would not reach maturity by 2050. 
D.A.C., 
 BECCS and C.C.S. for natural gas or coal are excluded 

RESULTS 

Fig. 2 presents capacity portfolios of the scenarios and the capital costs. A successful 
decarbonisation strategy of -0.85 Gt CO2 in 2050 fully depends on the availability of C.C.S. 
Without C.C.S., net-negative cannot be achieved. Therefore, in the 'No C.C.S.' scenarios, a 
net-zero constraint has been applied. 'No Biomass' scenario has a 35% increase in capital 
cost requirements due to the increased D.A.C. to meet the emission constraint and increased 
natural gas capacity to replace the flexibility benefits of BECCS. Strict biomass is not as 
crucial for the decarbonisation target but has a significant impact on the costs and requires 
30% more D.A.C. capacity than 'Base'. Biogas capacity has only been included when C.C.S. 
is disregarded. It might indicate that carbon capture with natural gas is more cost competitive 
than zero-emission biogas. 
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Fig. 2. Preliminary Greenfield capacity expansion results for the E.U., 
2050. Bioenergy refers to fluidized bed power plants; OCGT: open cycle 
gas turbine; capital costs include interest during construction based on an 

interest of 8% with costs evenly distributed over construction time. 

Short-term, hourly resolution simulation results are shown in Table 2. The exclusion of 
C.C.S. also leads too much more unserved energy (demand that could not be fulfilled) since 
it then cannot compensate for emissions from flexible power plants. It suggests that 
flexibility based on biomass is not sufficient to keep the power system reliability as 
sustainable biomass is limited. Net emissions over the year 2050 exceed the -0.85 
GtCO2/year emission limit by 18-51 GtCO2; however, emissions remain net-negative. The 
exclusion of carbon capture eliminates the possibility of negative emissions. Moreover, zero-
emission could not be achieved either without a significant amount of unserved energy: 20% 
of the demand could not be met. The levelized cost of electricity (Price on Table 2.) has been 
excluded for 'No C.C.S.' scenarios since the substantial unserved energy increased prices by 
over 1000 EUR/MWh. Electricity price increases by 37% when biomass is excluded.  

Table 2. Short term results 

 USE 

[TWh] 
Demand 

[TWh] 
Generation 

[TWh] 
Price 

[E.U.R./MWh] 
Net 

Emissions 

[GtCO2] 
Base 0.50 4808 4,941 64 -0.34 
No Biomass 0.01 4497 4,656 88 -0.67 
Strict Biomass 0.47 4,888 5,032 69 -0.54 
No CCS 787 3,694 3,845 - 0.00 
No C.C.S. Strict 

Biomass 
688 3,794 3,980 - 0.00 

USE: Unserved energy (demand that could not be fulfilled), note that 'No C.C.S.' scenarios are set at zero-
emission, as negative emission proved to be unfeasible 

Keywords: (Bioenergy, C.C.S., D.A.C., linear programming, E.U., Green New Deal, 
decarbonisation, carbon budget, carbon removal) 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Since farming manure has been processed in various ways, its harmful effect on the 
environment is mitigated [1, 2]. However, the food processing industry challenges the food 
waste utilization problem and searches for an appropriate and environmentally friendly 
solution every single day. So far, fatty food residue could be used as a renewable fuel [3], 
but burning that kind of matter does not help to protect the environment from flue gas 
contaminations. This need for environment-friendly technology drives us to solve the 
problem of slow biodegradable fatty organic matter, making it recyclable. The latest studies 
show that manure can also be digested with other organic matter, such as by-products, 
producing renewable fuel - biogas and the renewable fertilizer - digestate [4]. Our research 
was dedicated to investigating the possibility of organic load rate increase with fatty organic 
matter. 

METHODS 

The entire research was performed at the biogas laboratory of Vytautas Magnus University, 
Agriculture Academy. Anaerobic digestion opportunities and challenges associated with 
manure-based substrate and supplements were identified by analysing factors that affect 
anaerobic digestate composition, digestion process, biogas and methane yield, and methane 
concentration in biogas. In the first research stage, an inoculum from a wastewater treatment 
plant and raw manure was used to start the digestion process. 

An initial organic load rate of raw manure (mass in kg of volatile solids to one cubic meter 
of the reactor operating volume per day (kg VS/ (m3·d)) was selected as a reference organic 
load rate [5] in our study. The daily feeding input of the digester consisted of raw manure 
diluted with tap water. The dilution of manure was needed because the dry matter of manure 
was too high for the appropriate distribution of organic matter. Therefore, the dilution of 
manure allowed the higher bioreactor's hydraulic load, ensuring better substrate mixing and 
proper distribution of organic matter [5]. In the further stages, we used fatty organic matter, 
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which supplemented organic load rate augmentation. The fatty waste added to the raw 
manure was set to increase the organic load rate in steps by 0, 5 kg VS/ (m3·d). The entire 
research was conducted at four organic load rates and lasted 97 days, including a run-up of 
the digestion process. 

RESULTS 

Research showed that the organic load rate increased with fatty matter addition raised biogas 
production, increasing biogas yield, methane concentration and subsequently methane yield. 
The biogas production steady grew at all organic load rates throughout the entire experiment. 
Such addition of fatty matter to diluted raw manure significantly increased substrate organic 
load, justified the substrate mixture as a renewable energy source for biogas production and 
allowed the utilization of fatty waste using anaerobic digestion technology. 

 

Fig. 1. The biogas production in the entire experiment. 

The biogas production bv (raw biogas volume obtained from the reactor working volume l/l, 
Fig. 1) continuously raised with some deviation in all our experiments. The highest biogas 
volume produced 3.36 l/l matched the highest organic load rate, 4.5 kg VS/ (m3·d). 

The nitrogen content of the ammonium ions in digestate was the highest at the highest 
organic load rate and corresponded to the pH value at the same organic load rate. Low 
deviations of pH value and ammonium ions concentration in the digestate and continuously 
increasing biogas production indicated no inhibition of the biogas production process.  

The increase in the organic load rate with fatty waste addition was a good measure for 
supplying more biodegradable organic matter for biogas production. This measure allowed 
to produce more biogas and utilize fatty waste in the digestion of raw manure. However, 
some drawbacks were spotted at the end of the experiment: little sludge floatation and scum 
formation. These drawbacks can be associated with fat usage and need to be investigated in 
further studies. 

CONCLUSION 

1. The research results showed that organic load rate increase with fatty matter addition 
is a possible measure to obtain more biogas. 

2. Low deviations of pH values and ammonium ions concentrations in the digestate 
justified no inhibition of the biogas production process. 

Keywords: anaerobic digestion, methane concentration, biogas yield, poultry manure, fat 
waste, biogas production efficiency. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Reducing the exhaust emissions emitted from internal combustion engines is still a challenge 
for automotive manufacturers. Many techniques and methods have been applied to control 
harmful exhaust emissions, and also further progress in emissions reduction must be 
achieved to meet next coming emissions norms. The utilization of oxygenated fuels for 
controlling exhaust emissions has attracted the interest of researchers in recent decades. The 
main reasons for this are (i) oxygenated fuels can reduce exhaust emissions without adverse 
impact on engine performance [1], (ii) oxygenated fuels can be produced from renewable 
sources, offering to reduce greenhouse gas emissions [2], (iii) the use of oxygenated fuels 
for reducing exhaust emissions is simpler and more cost-effective way than other emissions 
control methods [3]. Therefore, the use of oxygenated fuels as an emissions control method 
is highly advantageous and enough practical to apply in internal combustion engines. 

This study aims to improve the exhaust emissions of a direct injection diesel engine fuelled 
with B20 fuel by using ethyl acetate as an oxygenated biofuel. In the study, ethyl acetate was 
added to the biodiesel-diesel blend (B20) by 5% and 10% volume to investigate its effect on 
exhaust emissions. Once measuring fuel properties by following related standards, engine 
tests were performed on a single-cylinder research diesel engine at various running 
conditions.  

METHODS 

Three fuel blends prepared by splash blending were subjected to engine tests. The first is 
B20 which was used as reference fuel to set baseline data for comparison. The others are 
EA5, and EA10 were prepared simply by adding 5% and 10% ethyl acetate to the finished 
diesel-biodiesel blend. Table 1 shows the test fuels' composition. The biofuel fraction of the 
blends was limited to 20% volume because engine manufacturers approve the use of biofuels 
up to 20% volume under warranty for their engines. Further, this biofuel blending ratio was 
preferred to use the test fuels without the need for engine modification. Density, dynamic 
viscosity, heating value, cold filter plugging point temperature, flash point temperature, and 
distillation temperature of the test fuel were determined according to related test methods. 
In order to determine the effects of fuels on exhaust emissions, engine tests were performed 
for engine loads of 0.9, 1.7, 2.6, and 3.5 kW at a constant engine speed of 1500 rpm. 

mailto:abdulvahap.cakmak@samsun.edu.tr
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Table 1. Test fuels' composition (% by volume) 

Test 
Fuel Diesel Biodiesel Ethyl 

acetate 
B20 80 20 0 
EA5 80 15 5 
EA10 80 10 10 

RESULTS 

The research showed that the physiochemical fuel properties of the diesel-biodiesel blend 
were improved by the inclusion of ethyl acetate, and this effect reflected positively on 
exhaust emissions. It is determined that a great reduction in C.O., NOx, and soot emissions, 
up to 71%, 50%, and 70%, respectively, were achieved with a slight penalty in fuel 
consumption when using ethyl acetate. Additional ethyl acetate blended fuels performed 
improvement in NOx-soot trade-off and NOx-BSFC trade-off without thermal efficiency 
loss.  

CONCLUSIONS 

It is concluded that exhaust emissions of a diesel engine fuelled with B20 fuel can be 
substantially improved by using ethyl acetate without any engine modification. Therefore, 
ethyl acetate can be recommended as oxygenated fuel for diesel engines. However, 
investigations regarding transient running conditions of the engine are necessary. 

Keywords: Biofuels, diesel engine, exhaust emissions, ethyl acetate  
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Clean, freshwater resources are getting harder to find every single day. Since life on Earth 
depends on water, it is crucial for humankind to find easier, faster and cheaper solutions to 
purify water. Industrial wastewaters should be treated appropriately. Governments are 
getting more serious about this issue by publishing regulations based on research about the 
health effects of heavy metal contaminations. Hence, removing contaminants is becoming a 
bigger priority. In this study, corn stalk (C.S.) is used to produce adsorbent materials to 
remove heavy metals from wastewater. As heavy metals, Pb2+, Zn2+, Ni2+, Cd4+, Cr6+, Cu2+, 
Al3+ and Mn2+ were selected due to their high abundance in the industrial waste waters [1]. 
Heavy metals have harmful effects on the human body. For example, lead that is exposed to 
the human body is stored temporarily in bones, blood and tissues [2]. Repeatedly exposure 
to lead at a high level can cause anaemia, reproductive impacts, kidney failure, and effects 
on the peripheral and central nervous system that include convulsions, coma, and death [3]. 
Therefore, according to World Health Organization, the lead concentration in industrial 
wastewater discharge must be 0.01 mg/L at its maximum [4]. The aim of this project is to 
find an easy, cheap and quick way of removing selected heavy metals. 

METHODS 

EFFECT OF TORREFACTION TEMPERATURE ON MASS LOSS  

To determine the effect of torrefaction temperature on biomass, the weight of the adsorbents 
was noted before and after the torrefaction process. The mass loss percentages at different 
temperatures are determined by the following equation (1): 

 𝑀𝑎𝑠𝑠 𝐿𝑜𝑠𝑠 =  
𝑚𝑖−𝑚𝑓

𝑚𝑖
. (1) 

mailto:bumin16@itu.edu.tr
mailto:demircioglu16@itu.edu.tr
mailto:yamans@itu.edu.tr
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In this equation, 𝑚𝑖  and 𝑚𝑓  represents the weights of the corn stalk at initial and after 
torrefaction. 

ADSORPTION EFFICIENCY 

Corn stalk is chosen as biomass adsorbent. Preparation of the adsorbents from the biomass 
includes the following procedure. First, the biomass was ground until its grain sizes were 
smaller than 250 µm. The biomass was torrefied in a tube furnace under a nitrogen 
atmosphere. In order to find the optimum torrefaction temperature, the corn stalk was 
torrefied at 150⁰C (CS-150), 200⁰C (C.S. - 200), 250⁰C (CS-250) and 300⁰C (CS-300). The 
solutions were interacted with by the biomass adsorbent for 1 hour. The concentration of the 
biomass-heavy metal solution was 0.5 g/20 mL. Inductively coupled plasma mass 
spectrometry (ICP-MS) was used to analyse the solutions for adsorption efficiency. 
Adsorption efficiencies (qe) were calculated by the following equation (2): 

 𝑞𝑒 =
(𝐶𝑖−𝐶𝑒)𝑉

𝑚
  (2) 

In this equation, 𝐶𝑖 and 𝐶𝑒 represents the concentration of the heavy metal at an initial time 
and at 1 hour later. V is the volume of the solution, and m represents the mass amount of the 
adsorbent.  

TORREFACTION TEMPERATURE AND PH EFFECT ON ZETA POTENTIAL  

The effect of torrefaction temperature on Zeta Potential was investigated by Brookhaven 
Instruments' PALS Zeta Potential Analyser. Analysis measurements were conducted by 6 
runs and 20 cycles at room temperature. Firstly, corn stalks that torrefied at selected 
temperatures were ground to obtain 50 µm and the smaller particles. Standardized pH 
solutions were prepared with NaOH and HCl. Then, 1 mg of biomass and 1.7 mL of 
standardized pH solutions at (1, 2, 3, 4, 5, 7, 9, 11 and 13) were mixed in quartz glass tubes.  

ION EFFECT ON ZETA POTENTIAL 

At different pH values, the effect of the existence of the least and most adsorbed metal ions 
was also observed by Zeta Potential Analyser. CST-200 was selected as the best absorber 
and loaded into the Pb2+ and Cr6+ solutions at different pH values. Zeta Potential Analysis 
was conducted after 15 minutes. Results were compared with standardized pH solution 
results.  

RESULTS 

When corn stalk is torrefied at 200 ⁰C and 250 ⁰C, it is an exceptional absorber for Lead 
(Pb2+). All the results are shown for corn stalks in Tables 1, 2, 3, 4, 5. And Figures 1, 2, 3, 
4, and 5. 
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Table 1. 150 ⁰C Torrefied Corn Stalk 
Recovery                

150 ⁰C 
Torrefied 
Sample  

Filtrate 
I.C.P. 
(ppm) 

Standard 
solution 
(ppm) 

𝑞𝑒 

C.S.T. (Pb)  65.8 1000 93.42 

CST (Zn) 861.8 1000 13.82 

CST (Ni) 816.5 1000 18.35 

CST (Cd) 690.8 1000 30.92 

CST (Cr) 966.7 1000 3.33 

CST (Cu) 688.4 1000 31.16 

CST (Al) 998 1000 0.20 

CST (Mn) 929.9 1000 7.01 

 

Table 3. 250 ⁰C Torrefied Corn Stalk 
Recovery    

250 ⁰C 
Torrefied 
Sample  

Filtrate 
I.C.P. 
(ppm) 

Standard 
solution 
(ppm) 

𝑞𝑒 

C.S.T. 
(Pb)  3.5 1000 99.65 

CST (Zn) 547.7 1000 45.23 

CST (Ni) 614.6 1000 38.54 

CST (Cd) 374.1 1000 62.59 

CST (Cr) 887 1000 11.30 

CST (Cu) 359.6 1000 64.04 

CST (Al) 842.4 1000 15.76 

CST (Mn) 688.6 1000 31.14 

 
 

 

 

 

Table 2. 200 ⁰C Torrefied Corn Stalk 
Recovery 

200 ⁰C 
Torrefied  
Sample  

Filtrate 
I.C.P. 
(ppm) 

Standard 
solution 
(ppm) 

𝑞𝑒 

C.S.T. 
(Pb)  44.2 1000 95.58 

CST (Zn) 956.3 1000 4.37 

CST (Ni) 805.4 1000 19.46 

CST (Cd) 594.5 1000 40.55 

CST (Cr) 561.3 1000 43.87 

CST (Cu) 596.5 1000 40.35 

CST (Al) 986 1000 1.40 

CST (Mn) 655.1 1000 34.49 

 

Table 4. 300 ⁰C Torrefied Corn Stalk 
Recovery 

300 ⁰C 
Torrefied  
Sample  

Filtrate 
I.C.P. 
(ppm) 

Standard 
solution 
(ppm) 

𝑞𝑒 

C.S.T. (Pb)  100 1000 90.00 

CST (Zn) 400 1000 60.00 

CST (Ni) 640 1000 36.00 

CST (Cd) 420 1000 58.00 

CST (Cr) 680 1000 32.00 

CST (Cu) 380 1000 62.00 

CST (Al) 800 1000 20.00 

CST (Mn) 550 1000 45.00 
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Table 5. Corn Stalk Recovery 
Original Sample  Filtrate I.C.P. (ppm) Standard solution 

(ppm) 𝑞𝑒 

C.S. (Pb)  90.00 1000 91.00 
CS (Zn) 670.00 1000 33.00 
CS (Ni) 790 1000 21.00 
CS (Cd) 630 1000 37.00 
CS (Cr) 800 1000 20.00 
CS (Cu) 790 1000 21.00 
CS (Al) 780 1000 22.00 
CS (Mn) 817.20 1000 18.28 

The loss of weight of the corn stalk is shown with respect to torrefaction temperature in 
Fig 6. It is clear that increasing the torrefaction temperature results in more weight loss.  

 
Fig 1. Mass Loss 

In Fig 2, adsorption percentages of the heavy metals at different torrefaction temperatures 
are compared. It can be seen that Pb2+ was the heavy metal that was adsorbed the most. Cr6+, 

on the other hand, was the one that adsorbed poorly. 

 

Fig 2. Adsorption Efficiency for Each Heavy Metal Solutions (𝑞e) 
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To better understand and explain the effect of torrefaction temperature and pH of the 
solution, Zeta Potential Analysis was conducted at different values. 

 

Fig 3. The effect of torrefaction temperature on Zeta Potential 

At different pH values, the effect of the existence of the least and the most adsorbed metal 
ions was also observed by Zeta Potential Analyser. 

 

 
Fig 4. The effect of Pb2+ Ion on Zeta Potential 
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Fig 5. The effect of Cr6+ Ion on Zeta Potential 

CONCLUSIONS 

As a result, it was observed that the adsorption efficiency changes due to torrefaction 
temperature and heavy metal ions. According to the I.C.P. analyses, CST-250 has the best 
performance on Pb2+ with 99.65% adsorption efficiency (qe), while Cr6+ was adsorbed 
poorly with a value of 11.3%. Nonetheless, other analyses were conducted with CST-200 
because the adsorption efficiency difference is small enough to be neglected and to make the 
torrefaction process more energy-friendly.  

The torrefaction temperature affects the porosity and functional groups of lignocellulosic 
biomasses. According to the Zeta Potential Analysis, it was seen that as the torrefaction 
temperature goes high, the zeta potential increases. This can be explained by the 
decomposition of the lignin content (a complex phenolic polymer) on the biomass at 160 ⁰C 
and the higher temperatures. Nevertheless, at high torrefaction temperatures, biomasses 
become hydrophobic and accumulate on the surface of the solution. This transformation 
decreases the contingency of the biomass with metal ions. Also, higher pH values provide 
higher zeta potential differences. However, the pH range of the 1000 ppm heavy metal 
solutions is between 3-6. Therefore, pulling the solution pH values to the alkali levels causes 
the formation of metal salts. Zeta potential analysis was conducted at lower pH levels for the 
Cr6+ and Pb2+ solutions to prevent sedimentation. According to the Zeta Potential results, 
Pb2+ ions increase the zeta potential to positive levels, while Cr6+ ions affect it less. The 
big Zeta Potential difference in the Pb2+ solution is probably related to the high adsorption 
rate. The positive ion load to the surface of the biomass causes the increase of the zeta 
potential. 

Keywords: (Heavy metal removal, lignocellulosic biomass, waste water treatment, 
torrefaction, adsorption) 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

The world economy's super-exponential growth over the last 70 years has resulted in the 
exploitation of non-renewable resources and an increase in the production of poorly 
managed waste [1]. Urbanization and the resulting growth of infrastructure and industries 
have put tremendous pressure on land around the world. To reap the benefits of both clean-
up and bioenergy production, energy plants with metal hyper accumulation properties should 
be used for soil reclamation. Phytoremediation is ideal for the treatment of municipal and 
industrial waste disposal sites and other polluted areas contaminated with heavy metals 
(H.M.). The main aspect that hinders the development of this technology is the need to 
manage the plant biomass material contaminated with H.M. during the entire treatment 
process [2, 3, and 4]. An integrated, sustainable, phytoremediation approach is in line with 
the principles of the circular economy and addresses contaminated biomass removal and 
management and reduces financial costs. It is a purification process that includes the 
conversion of biomass into energy and the recovery of valuable elements (including H.M.) 
through phytomining [5]. Various types of woody or energy crops are increasingly used in 
phytoremediation. Food and forage crops are being phased out to avoid contaminants 
entering the food chain and posing a serious risk to human health [6]. The suitability of 
energy plants for phytoremediation is determined by a number of important characteristics. 
High biomass yields in H.M. contaminated soil are extremely beneficial because it reduces 
pollutants runoff, soil erosion, and H.M. infiltration into groundwater. [7]. There is a scarcity 
of research on herbaceous energy plant species in phytoremediation, environmental 
conditions and changing climatic factors that affect plant growth and performance. Soil 
water content is one of the most important environmental factors influencing plant 
physiological processes and biomass production, heavy metal mobility in the soil and 
bioavailability. Therefore soil water content plays a crucial role in the efficacy of 
phytoremediation. Both soil water deficit and overwatering can cause a negative impact on 
plants [8, 9]. Our research aim was to evaluate energy crop oilseed rape (Brassica napus L.) 
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growth and biomass production during the cadmium (Cd) phytoremediation process at 
different soil water content (S.W.C.). Three different S.W.C.s were simulated: optimal, 
deficit and elevated. After the phytoremediation process, plant growth, biomass production, 
and tolerance to metal were analysed. Results showed that S.W.C. has significantly affected 
plant biomass production in Cd contaminated soil. Although oilseed rape can grow even at 
high Cd contamination, it has really good tolerance and is suitable for phytoremediation as 
a hyper accumulator. Optimal soil water content should be maintained for better 
phytoremediation capability in soil contaminated with high Cd concentrations (>100 mg/kg-

1). 

METHODS 

A phytoremediation mesocosm experiment was performed in the greenhouse of the Vytautas 
Magnus University (V.M.U.) Open Access Land and Forest Research Centre. Energy crop 
oilseed rape (Brassica napus L) was grown in soil at different Cd concentrations in soil (1, 
10, 50, 100, 250 mg/kg-1) and controlled. Plants were sown in vegetation pots filled with a 
3 kg soil mixture of field top-soil (taken from V.M.U. Experimental Research Station, 
Kaunas district), mixed with perlite and fine sand (by volume 5:3:2). Soil water content – 
S.W.C. (volumetric) was maintained at optimal S.W.C. content which is 30% [10, 11], air 
temperature averaged 21.1±0.02°C during the day. After 4 weeks of growing, plants were 
divided into 3 groups by S.W.C. – optimal with S.W.C. of 30%, deficit with S.W.C. of 5-
10% and elevated - 40%. Soil water content was measured using a Theta Probe ML2x sensor 
connected to a hand-held 6 cm long HH2 moisture meter (Delta-T Devices Ltd., Cambridge, 
UK). Plants were grown for 17 days. After the experiment, plant shoot height, root length 
and fresh mass were measured. All plants' biomass was dried at 60oC until the constant 
weight, and then dry weight (D.W.) was measured. Plant biomass production was analysed 
as the weight of aboveground plant dry matter. Tolerance index (T.I.) was defined as the 
ratio between the dry matter yields of the plants in contaminated soil in relation to the dry 
matter yield of the plants from unpolluted (control) soil. T.I. <1 means that plants are under 
heavy metal contamination stress. If T.I. is equal to 1 – they are not affected by H.M., T.I.>1 
means that plants have hyper accumulator tolerance potential. Statistical analysis was made 
using Statistica 8 software. 

RESULTS 

Because the heavy metal phytoremediation process strongly depends on plants' growth – dry 
weight, shoot height and root length were measured, and tolerance to Cd contamination was 
calculated and analysed (Fig. 1).  
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Fig. 1. Oilseed rape (Brassica napus L.) biomass characteristics in Cd 
contaminated soil under different S.W.C.: shoot D.W. (A), root D.W. 

(B), shoot height (C), and root length (D). 

Factorial analysis of variance (ANOVA) has shown that both Cd concentration in soil and 
S.W.C. had a significant effect on oilseed rape (Brassica napus L.) shoot height (Cd 
F=155.84 p<0.05; S.W.C. F=115.73, p<0.05; Cd x S.W.C. F=6.27, p<0.05), but only S.W.C. 
had a significant effect on root length (Cd F=2.11, p>0.05; S.W.C. F=23.32, p<0.05; Cd x 
S.W.C. F=1.54, p>0.05). Shoot height decreased with Cd concentration in the soil at all 
investigated S.W.C. However, under the soil moisture deficit, shoots were significantly 
lower compared to optimal and elevated S.W.C. conditions regardless of Cd concentration 
in the soil. At the same time, plants grown under S.W.C. deficit had the longest roots 
meanwhile, at elevated S.W.C., plants formed the highest shoots and shortest roots. 

Factorial analysis of variance (ANOVA) has shown that both Cd concentration in soil and 
SWC had significant effect on B. napus shoot DW (Cd F=7.93, p<0.05; SWC F=47.91, 
p<0.05; Cd x SWC F=1.27, p>0.05) and root (Cd F=5.17, p<0.05; SWC F=46.20, p<0.05; 
Cd x SWC F=1.30, p>0.05). The biggest biomass production, i.e., shoots and root D.W. was 
achieved at optimal S.W.C. At all S.W.C., the biggest decrease in shoot and root D.W. 
occurred at the highest Cd concentration in soil. The smallest shoot D.W. was recorded for 
S.W.C. deficit while rooting D.W. at elevated S.W.C. 

Factorial analysis of variance (ANOVA) has shown that both Cd concentration in soil and 
S.W.C. had a significant effect on B. napus tolerance to Cd contamination (Cd F=16.12, 
p<0.05; S.W.C. F=14.52, p<0.05; Cd x S.W.C. F=2.76, p<0.05) (Fig. 2). 
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Fig. 2. Oilseed rape (Brassica napus L.) tolerance index (T.I.) in different 
Cd concentrations and soil water contents. 

Oilseed rape has the possibility to be a good Cd hyper accumulator, but S.W.C. has a 
significant impact on its tolerance to Cd. At optimal, S.W.C. rape T.I. was bigger than 1, 
indicating that it has hyper accumulator tolerance potential for soil contamination with Cd. 
Under elevated SWC, TI >1 was recorded for Cd <100 mg/kg-1. Under S.W.C. deficit, lower 
T.I. was recorded compared to optimal and elevated S.W.C. at Cd concentration higher than 
10 kg/kg-1. While the lowest rape tolerance to soil contamination with Cd was at the highest 
Cd concentration in soil under elevated S.W.C., it might happen because of the change in 
heavy metal bioavailability and complex S.W.C. and Cd concentration effect on plants 
growth. Optimal soil water content should be maintained to achieve better energy crop 
tolerance to H.M. contamination in the soil during the phytoremediation process at higher 
Cd soil concentrations because the tolerance index decreases at elevated or deficit S.W.C. 

CONCLUSIONS 

Our results showed that S.W.C. has a significant effect on oilseed rape (Brassica napus L.) 
growth, biomass production and tolerance to soil contamination with Cd. The biggest total 
produced biomass and the highest tolerance to Cd soil contamination was achieved at 
optimal S.W.C. Better biomass production is a relevant economic advantage in the use of 
energy crops. It should also lead to a bigger content of bio accumulated metal in the plant 
tissues and possible higher efficiency of the metal removal from the soil. Maintenance of 
optimal soil water content during the phytoremediation process is crucial in ensuring 
efficient phytoremediation. It can be stated that oilseed rape (Brassica napus L.) has good 
potential to be used in phytoremediation as a hyper accumulator. It has tolerance to Cd 
contamination up to 250 mg/kg-1 under optimal S.W.C. Further analyses of S.W.C. and 
different environmental factors impact not only on plant growth and tolerance but also on 
Cd bioaccumulation, and translocation must be conducted. 

Keywords: oilseed rape, biomass, phytoremediation, tolerance index, heavy metal,  
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

It is widely acknowledged that plant biomass is a potential source of renewable energy. 
Although many studies have been performed to support the suitability of various plants for 
solid biofuels, the suitability of multi-crop biomass for solid biofuels has not been studied. 
The cultivation of multifarious plants can help reduce the use of fertilizers and pesticides for 
several reasons. 

In changing climate cultivation of polycultures not only helps to control pests and pathogens 
but also increases yields. [1, 2–5]. 

Growing two or more crops in one field increases resource efficiency and results in higher 
yields per unit area. [1, 6]. Multi-crop improves soil fertility due to biological nitrogen 
fixation using legumes. The cultivation of multi-crop increases the conservation of the soil 
by covering the soil and providing better protection against precipitation [1, 7].  

The aim of this work is to determine the suitability of multi-crop plants: fibrous hemp, maize 
and faba bean for the production of granulated biofuel and to investigate the thermal, 
chemical and physical-mechanical properties of biofuel pellets. 

METHODS 

The study was conducted in 2020–2021 with biomass of polynomial plants (faba bean, maize 
and fibrous hemp). These plants were grown at the Experimental Station of Vytautas Magnus 
University Agriculture Academy. They were sown as a single-crop, a binary and a trinomial 
crop. The grown plants were harvested, dried, shredded, and ground and biofuel pellets were 
produced. Seven variants were investigated depending on the biomass composition used: 1) 
maize (abbreviation M.Z.), 2) hemp (F.H.), 3) faba bean (F.B.), 4) maize and hemp mixture 
(MIX1), 5) maize and faba bean mixture (MIX2), 6) mixture of fibrous hemp and faba bean, 
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7) mixture of fibrous hemp, maize and faba bean. After the production of solid biofuel 
pellets, their physic mechanical, chemical and other basic properties were investigated in 
order to determine the suitability of the produced pellets for solid biofuel. The research was 
performed in the laboratories of Vytautas Magnus University Agriculture Academy and 
Lithuanian Energy Institute in accordance with the following valid E.U. countries' standard 
methodology. 

The experiment will continue for another two years, and then the authors will provide a 
summary of three years of data. 

RESULTS 

The results of the investigation show that the three chemical elements (carbon, oxygen and 
hydrogen) in the biomass pellets account for from 93.1 to 94.9% (Fig. 1). 

   

 

Fig. 1. Chemical elements of biomass pellets 

S, N, and Cl quantities were also investigated. N contents did not exceed the maximum 
permissible levels according to the IWPB standard (≤1.5%) [8]. the value of S did not exceed 
the maximum permissible value (≤0.04%) of this standard in variants F.H., MIX1 and MIX2. 
In another three variants, this set value was slightly exceeded. The Cl content in variant 
MIX2 did not exceed the set limit (<0.1%). 

The determined biomass pellet properties are presented in Table 1. These results show that 
moisture content varied from 3.9 to 8.8%. According to the German DIN 51731 standard, 
the moisture content of the pellets must not exceed 12% [9]. Ash content in the tested pellets 
varied from 4.5 to 6.8% and did not exceed the maximum permissible value for non-wood 
biomass (<7%) [10]. the higher calorific value of investigated pellets varied from 17.96 to 
18.29 MJ·kg-1, and the lower calorific value varied from 16.80 to 17.14 MJ·kg-1.  
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Table 1. Biometric properties of biomass pellets 

Type of 
biofuel 

Humidity, % Ash quantity, 
% 

Higher calorific 
value, M.J. ·kg-

1 

Lower calorific 
value, M.J. ·kg-

1 
MZ 4.61 ± 0.59 5.78 ± 0.06 18.02 ± 0.86 16.87 ± 0.93 
FH 3.86 ± 0.05 5.05 ± 0.04 18.16 ± 0.54 17.14 ± 0.57 
FB 6.15 ± 0.28 5.74 ± 0.29 18.23 ± 0.38 17.10 ± 0.41 

MIX1 4.44 ± 0.22 4.49 ± 0.05 18.29 ± 0.78 16.99 ± 0.85 
MIX2 8.78 ± 0.43 6.78 ± 0.18 17.96 ± 0.32 16.80 ± 0.35 
MIX3 8.30 ± 0.15 5.78 ± 0.06 18.17 ± 0.59 17.02 ± 0.63 
MIX4 5.63 ± 0.23 6.08 ± 0.05 18.04 ± 0.61 16.92 ± 0.66 

The density of the biomass pellets was also investigated. After the investigation of biomass 
pellets, qualitative properties show that the density of all variants of pellets was very similar 
and varied from 1106.46 to 1195.75 kg·m-3 D.M. (Fig. 2). 

 

Fig. 2. Pellets density 

Melting characteristics of ash are important during the combustion of biofuels, influencing 
the chemical composition of ash and the slag formation on the surfaces of burning 
implements.  
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Fig. 3. Ash melting temperatures of biomass pellets 

When burning biomass pellets, their melting temperatures were measured. The lowest 
determined ash softening temperature (S.T.) was that of sample F.H., 741 °C, and the highest 
one was that of sample F.B., 1062 °C (Fig.3). The initial ash deformation temperature (D.T.) 
varied from 976 to 1322 °C. The highest one was that of sample F.H., 1322 °C, which 
indicates that the ash clogging is the lowest on the incinerator's surfaces. 

CONCLUSIONS 

The pellets from mono and multi-crops had different moisture content. The moisture of 
maize and faba bean mixture biomass pellets (MIX2) was the highest – 8.78 ± 0.43%, 
whereas that of fibrous hemp pellets (F.H.) was 2.3 times lower – 3.86 ± 0.05%.  

The calorific value of mono and multi-crop plants pellets was sufficiently high and were 
about 17 M.J. ·kg-1, and these properties of pellets were close to those of wood biofuels. 

Pressed multi-crop plants meet the quality characteristics and standard requirements for solid 
biofuel pellets.  

Keywords: multi-crop; biomass; solid biofuel; pellet properties 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Various technologies for raw materials pre-treatment (thermal, chemical, biological, 
physical) are used. The impact of enriching with CO2, the influent to a laboratory scale up-
flow anaerobic sludge blanket reactor at CO2 pressure of 1.01·105 Pa was maintained in the 
influent storage tank, and higher CO2 dissolution was achieved [1]. It was estimated that 69-
86% of the CO2 dissolved could be utilized in the process. Another research [2] indicated a 
25% increase of specific CH4 yield when continuously injecting CO2 at a load of 0.49 m3/d 
into the first stage of a two-phase anaerobic digestion process, and CO2 uptake of up to 46% 
of that injected was ingested. Bajón Fernández et al., 2014 [3] observed an enhancement of 
CH4 production in a batch anaerobic digester enriched with CO2. The production of 
biomethane from biogas always copes with the formation of CO2 as a by-product. This by-
product CO2 may be recycled through feedstock which is supplied to the bioreactor as raw 
material. For this reason, laboratory experiments with CO2 injection into dairy manure as a 
pre-treatment method for biogas production were performed.  

METHODS 

The research methodology consists of two stages. First stage - dairy manure (D.M.) pre-
treatment with CO2. Second stage – CO2 pre-treated D.M. is loaded into a biogas digester.   

First stage: D.M. was taken from a litre less dairy farm in southwestern Lithuania. The 
manure was packaged in an airtight container of 20 litres and stored at 5 °C to be protected 
from environmental influences throughout the study. D.M. was in a homogenous form, 
suitable for further pre-treatment. Pre-treatment with the CO2 injection of dairy manure was 
performed in a continuously stirred vertical cylindrical gas tight digester with a volume of 
3 litres. The digester was custom-made with integrated tubes for the circulation of CO2 gas. 
A lower mesophilic temperature was maintained using thermostatic control and an electric 
heating pad. The substrate was circulated with 100% CO2 continuously with Schwartzer 
precision 620 EC-DU-DV pump at the flow rate of 6.5 l/min.  
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Second stage:  Previously untreated and CO2 pre-treated dairy manure (D.M.) is used for 
biogas yield and composition research. The second stage is divided into two phases. In the 
first phase, untreated dairy manure was used for 24 days until a stable biogas yield was 
reached. In the second phase, the CO2 pre-treated dairy manure was used for 25 days until 
stable biogas yield was reached for 10 days. 

 

Fig. 1. Scheme of the laboratory biogas digester. 1 - reactor, 2 - heating 
mat, 3 - mixer controller, 4 - reactor system controller, 5 - temperature 

sensor, 6 - gas volume meter, 7 - biogas storage tank, 8 - biogas analyser, 
9 - data logger 

Second-stage experiments were performed in the same laboratory digester (Fig. 1) operated 
under a mesophilic temperature of 37 ± 1 °C. The daily input to the reactor consisted of 
457 g of dairy manure. The water was not used to dilute the dairy manure, as the undiluted 
volatile solids (VS) content in the D.M. was 7.42%. In this case, a hydraulic bioreactor load 
of 24 kg/m3 was maintained, which ensured efficient mixing of the substrate and even 
distribution of feedstock in the biogas reactor. The volatile solids content of D.M. was 
determined by samples ignition at 550 oC. The volumetric organic load of 1.4 kg VS/ (m3d) 
was used for both experimental research stages. Experimental research was performed in the 
biogas laboratory of Vytautas Magnus University, Agriculture Academy.  

RESULTS 

The steady anaerobic digestion process of dairy manure digestion is indicated by the pH of 
the substrate, which was evenly retained at pH 7.80±0.06 at all 49 days of the continuous 
experiment with untreated and previously CO2 pre-treated dairy manure. The pH of untreated 
D.M. was 7.91±0.09, and the pre-treated pH of D.M. was 7.31±0.08. The pH difference 
between untreated and pre-treated D.M. was -0.59±0.1.  

Results of the first phase of 24 days experiments showed that untreated D.M. itself yielded 
114±5 litres biogas from a dry mass kilogram of an anaerobically untreated substrate during 
laboratory trials at 1.4 kg VS/(m3d) volumetric organic load. Results of the second phase 
with CO2 pre-treated substrate for 25 days showed that pre-treated D.M. yielded 135±5 litres 
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biogas from kg of an anaerobically treated substrate during the same volumetric organic 
load.  

CONCLUSIONS 

1. Pre-treatment of dairy manure with CO2 improved biogas yield from raw material from 
114±5 l/kg up to 135±5 l/kg. 

2. The anaerobic digestion process of dairy manure was stable, the pH of the substrate 
remained at pH 7.80±0.06 at all tested organic loads. 

3. Further studies are needed to confirm the benefits of CO2 pre-treatment of dairy manure 
for the biogas production process. Not only the technical but also the techno-
environmental feasibility of the biogas production process must be taken into 
consideration.  

Keywords: biogas, dairy manure, pre-treatment, carbon dioxide injection, feedstock, 
anaerobic digestion   
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

The residential sector in Jordan accounts for 21% of the net energy consumption and 43% 
of the total electricity consumption. More than 60 % of the energy consumed in households 
is used for space heating and cooling. The simulated house has a 186 m² usable floor area 
which is a typical one-story Jordanian house in Amman city, it was designed to improve its 
energy performance by implementing retrofitting strategies to reduce heating and cooling 
loads, achieve minimum energy demand, and obtain high-quality the indoor living 
environment. Several passive design strategies and techniques were carried out to reach the 
concept of passive design houses, as illustrated sufficiently in this paper. The impact of each 
retrofit method was assessed using Design Builder simulation software and Revit software 
for modelling and the evaluation of the total energy consumption before and after the 
implementation of passive design methods. The net utilized energy in the simulated building 
was reduced from 56.57 kWh/m² to 15.25 kWh/m² on an annual basis. The findings of this 
study indicate that the annual energy saving for heating is about 78% and the indoor air 
quality and temperature of the house can be improved dramatically compared to their 
original status. 

METHODS 

Our case study building specifications and characteristics are listed in Table 1, and our target 
is to improve the thermal performance of this building and convert it to a passive house 
design using various strategies that will be mentioned later.  

THE BUILDING CHARACTERISTICS 

Table 1. Baseline model specifications and characteristics. 

The Model specifications Baseline model  
Number of floors 1 
Total floor area 186 m² 

Number of rooms 9 
External walls(U-value) 0.563 W/m². k 
Internal walls) U-value) 2.5 W/m². k 

Roof(U-value) 0.535 W/m². k 
Ground floor(U-value) 1.877 W/m². k 
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Window frame type Aluminium frame with polyvinyl chloride 
(PVC),5.014 W/m². k 

Glazing type + U-value Double glazing with 3.094 W/m². k 

 

Fig. 1. 3D overview of the baseline model  

Table 2. Passive design model specifications and characteristics. 

The model specifications Baseline model  
Number of floors 1 
Total floor area 186 m² 

Number of rooms 9 
External walls(U-value) 0.158 W/m². k 
Internal walls) U-value) 1.048 W/m². k 

Roof(U-value) 0.169 W/m². k 
Ground floor(U-value) 0.288 W/m². k 

Window frame type Polyurethane (PU) foam with 
Polyvinylchloride(PVC), 0.799 W/m². k 

Glazing type + U-value Double glazing with argon filled, 1.041 
W/m². k 

CLIMATE CONDITIONS ANALYSIS OF THE INVESTIGATED AREA  

Climate conditions evaluation is an essential guide for energy system design and integration 
because the energy consumption depends on the outside temperature. Figure 5 shows the 
minimum and maximum values of the monthly temperature distribution. The annual highest 
temperature is 32.4 °C in August, and the lowest temperature is 3.6 °C in January. [1] In the 
simulation of the building, based on the ASHRAE standard, the heating set point was 
considered 18 °C, and the cooling set point was considered 27 °C.  



128 
 

 

Fig. 2. Monthly average temperature distribution in Amman city. 

DESIGN ANALYSIS AND PERFORMANCE OF THE BUILDING THROUGH 
SIMULATION 

“The energy performance of a building becomes efficient only when the occupants of the 
buildings feel thermal comfort. According to the ASHRAE standard, thermal comfort is 
defined as “a condition of mind which expresses a satisfaction with the thermal 
environment” and is rated by the people who occupy the building. So, we can only assume 
that thermal comfort depends on factors such as air temperature, humidity, and air 
ventilation, all of these factors depend on the perception of each person. Therefore, to reach 
thermal comfort in the building, it is necessary to have a balance of energy consumption for 
heating or cooling in correlation to the indoor temperature, humidity level and ventilation 
ratio” [2]. 

Simulation Phases: Building form and aspect ratio for passive house design, Orientation, 
Zoning and planning, Building envelope components, External walls, Insulation material, 
Roof, Windows and glazing, Daylight access design factors, Natural ventilation, Landscape 
strategies, Implementation of shading devices, lighting analysis. 

Five Main Requirements to achieve the passive house standards: Specific space heating 
demand < 15 kWh/m², Specific cooling demand < 15 kWh/m², Specific primary energy 
demand < 120 kWh/m² including electrical appliances, Air leakage mustn’t exceed 0.6 ac/h, 
Fresh air demand 30 m³/h/person. [3] 

Design strategies used to achieve the passive house that was implemented in our proposed 
design: Super Insulation, highly insulated windows, Passive solar gain, Orientation, zoning 
and planning, and Natural ventilation strategies. 

RESULTS 
1. Heating and cooling design 
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Fig. 3. Energy consumption values before implementing the retrofit 
strategies. 

 

Fig.4. Energy consumption values after implementing the retrofit 
strategies. 

2. Temperature and heat loss analysis 
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Fig. 5. Temperature and heat loss analysis in the baseline model. 

 

 

Fig. 6. Temperature and heat loss analysis in the Passive design model. 

Table 3. Losses through the building before and after the implementation of the passive 
design strategies. 

Losses types Baseline model (kW) Retrofitted model 
(kW) 

Glazing losses -2.08 -0.079 
walls -1.21 -0.129 
Roof -1.56 -0.13 

External infiltration -10.61 -0.78 
Zone sensible heating 15.73 3.83 
External ventilation -0.41 -3.25 

3. Solar Gain analysis. 
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Fig. 7. The monthly average solar gain in the base design. 

 

Fig. 8. Solar profile for the base design in winter and summer. 

 

Fig. 9. Monthly Average Solar Gain in the Passive House. 

 

Fig. 10. Solar profile for the passive house in winter and summer. 

CONCLUSIONS 

A simulation study to improve the energy performance of a house by retrofitting in Amman, 
Jordan, is presented in this paper. This dwelling was retrofitted using passive energy-saving 
methods, and it aims to reduce the annual energy consumption. This base house consumed 
56.57 kWh/m² of energy for heating, cooling, and lighting, and the house's average 
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temperature in winter was 9°C. After retrofitting, the actual data shows the energy load was 
reduced to 15.25 kWh/m². The indoor temperature in the winter reached 18°C, which is 
much more than the temperature of the base design. And the solar gain was reduced in the 
passive design due to using a shading device to minimize the indoor temperature during the 
summer season. 

Keywords: (Low carbon buildings, Energy efficiency, Passive house design strategies, 
Thermal simulation, zero energy buildings, Building energy performance). 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

In recent years, domestic space heating has been identified as one of the major fields to 
improve with regard to the reduction of global CO2 emissions. Typical heating systems 
consist of the following main components: A heat source, e. g. gas-boiler, heat pump, pellet-
oven etc., heat dissipators, piping and -in many cases- a heat storage tank. This tank is usually 
well insulated and serves as a buffer tank for space heating and can as well be used to heat 
domestic hot water for showers and hot water taps. By utilizing hydraulically decoupled 
heating circuits, it becomes possible for the domestic hot water to be heated the same way 
as in a water heater, avoiding downtimes and the growth of legionella. In fulfilling all these 
different functions, the hot water storage tank is an interesting and remarkably complicated 
component in many regards: it is often connected to several heating circuits as a hydraulic 
bridge. It does not use fuel on its own. It rather processes the heat fed into it by the heat 
source(s) of the heating system to their destined uses. This, of course, also depends on the 
makeup of the system in real property. Therefore, testing hot water storage tanks the proper 
way has been an ongoing topic in norm- and law-making. 

Hot water storage tanks have multiple purposes: Firstly, they serve as a buffer in the space-
heating system of a house, providing a kind of compensation for when the heat demand rises 
abruptly, but the heat source has not generated sufficient heat output yet. Secondly, it is 
possible to generate domestic hot water within a heat exchanger in the basement of the 
building as a central source of hot water as opposed to decentralized solutions using electric 
water heaters, for example. Additionally, connecting many different heat sources with 
different temperature levels to a hot water tank in a technologically clean fashion (i.e., 
through the use of stratification-enhancing tank construction and/or control technology) 
provides the opportunity to save resources by using low-temperature heat sources 
(solar/underground heat reservoirs tapped by heat pumps) as a source of extra energy. There 
are several more benefits gained by enhanced space heating designs utilizing heat storage 
tanks, although economic and ecological concerns need to be considered in conjunction with 
one another, so a heat storage tank does not always represent the optimal solution to a heat-
related issue. Regarding further proliferation of the adoption of heat pumps as a source of 
renewable heat, storage tanks and their testing norms play a key role in building well-
performing heating systems on almost any scale, from small-scale domestic applications to 
large-scale building complex heating systems as well as industrial applications. 



134 
 

The testing norms currently in existence were examined in our government-funded project 
(NAPE-project in short). The aim was to evaluate existing technological standards against 
an intentionally wide variety of test samples in order to reveal presumed weaknesses in either 
coverage of the field of available devices and weaknesses in the testing procedures 
themselves. Both of these topics are highly sensitive within the testing institutions, but the 
overlaying need for improvements in this regard exists. 

METHODS 

The applied method of evaluating our existing testing norms has been that of the round-
robin trial (RRT). In this trial, a single arbitrarily chosen test sample is sent from lab to lab, 
which all perform the (ideally) same series of actions to determine the efficiency of the 
device. In the case of our hot water storage tank, the norm EN 12977 or 12897 is applied to 
determine the standing heat losses of the tank. The norm which is actually chosen depends 
on the equipment of the laboratory. This alone is the first hint of why hot water storage 
testing is so special: there are multiple norms currently being used to determine the same 
physical value: the standing heat losses. These losses, in return, determine the energy class 
of the storage tank according to the EU energy labels. Adjusting existing regulations to an 
ever-changing technological market is key to making energy labels as a means of CO2 
reduction work. 

RESULTS OF THE RRT 

 
Fig. 1: Testing Results from the RRT with a 200-litre insulated hot water 

storage tank with a heat exchanger as a test sample 

As shown above, in Fig. 1, the Results differ among the various testing labs and beyond that, 
as is the case with lab 5, between different methods used as prescribed in the appropriate 
norm. In this special case, each of the testing methods of EN 12897 was repeated a total 
number of three times. According to our expectations, the deviation between the respective 
measurement runs with the same method is low. What strikes us as peculiar is the systematic 
deviation between the two measurement methods: The direct measurement method utilizing 
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the power consumption of an electrical heating rod has an, on average, 10% lower calculated 
heat loss than the indirect method, in which the storage tank is loaded and unloaded. 

As for the other labs, they were free to choose between methods. The variations in their 
results, however, cannot solely be explained by the measurement method deviation alone. 

OUTLOOK 

The results of the RRT will be the subject of further discussion in law-making going forward, 
providing statistical evidence for the endeavour of changing existing norms and regulations. 
These concerns topics such as how to handle degradation of the sample over time, as factory 
new devices tend to have different and often better test results regarding energy efficiency 
than those with signs of wear. A greater topic regarding norms, in general, is also how 
specific the instructions given in a norm have to be. This shows an interesting conflict in 
designing testing norms: On the one hand, nonspecific instructions bear the risk of being 
misunderstood or interpreted in too big of an interval to provide consistent test results for 
each of the different testing labs. On the other hand, overly specific requirements for testing 
run the risk of being outdated quickly or simply being too impractical to be widely adopted 
as new standards. Balancing these two out is one goal of designing norms. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

More than a third of the world's final energy consumption is in the buildings sector [1]. In 
the European Union (EU), the main consumers of energy in buildings are heating, ventilation 
and air conditioning (HVAC), which account for half of the EU's energy consumption [2]. 
Among HVAC systems, mechanical ventilation systems play an increasingly important role 
in the engineering systems of buildings. In modern, well-insulated and airtight buildings, a 
mechanical ventilation system is a necessity to ensure the highest level of indoor air quality 
(IEQ) without compromising thermal comfort in buildings in cold climates [3]. Therefore, it 
is worth looking for technological solutions that increase the energy efficiency of the 
ventilation system. Appropriate adaptation of a heat pump (HP) to work in a ventilation 
system is one way to effectively ensure the required but constantly changing heat demand 
of a system in a cold climate zone [4]. It is important to note that in our case, the heat pump 
is adapted to the needs of the ventilation system and does not perform the function of the 
main heating system. The heat pump performs the function of heat recovery/regeneration for 
the ventilation system, allowing the air supplied by the air handling unit to be heated to the 
design temperature due to the thermal energy of the exhaust air. This means that the heat 
pump does not have to compensate for heat losses through external walls or internal heat 
gains. Thus, in this case, the ventilation system has a certain design supply air temperature, 
which must be provided over the entire range of outdoor air temperature changes, regardless 
of internal heat accumulation, the thermal resistance of enclosing structures, or inflow. A 
change in the temperature of the exhaust air from the room will affect the operation of the 
heat pump, but the design temperature of the supply air will remain the same. Since there is 
no heat accumulation in this type of system, the HP for the air handling unit (AHU) must 
respond immediately to the ever-changing heat demand of ventilation; otherwise, the 
ventilation system may supply low-temperature air directly to the occupant area, which may 
cause discomfort or a feeling of the draft, which adversely affects human health. Therefore, 
ON / OFF or staged operating modes of HP compressors are not suitable for integration into 
AHUs. In addition, the operation of a variable speed compressor is more efficient compared 
to staged or ON / OFF operating modes [5–7]. The previous parametric analysis of an AHU 
[8] revealed the dependencies between the change in the operating cycle of an HP built into 
the AHU and the change in the outdoor air temperature, which determine its high momentary 
and seasonal energy efficiency. 

The purpose of this work is to determine the correspondence between the operation of an HP 
with two degrees of control (variable speed compressor and electronic expansion valve) and 
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the dependences obtained in the analytical model in the presence of an energy demand 
generated by a variable outdoor temperature. For this purpose, experimental studies were 
carried out on a specially designed stand. 

METHODS 

In previous studies [8], a thermodynamic analysis of the characteristic energy conversions 
of an AHU with an integrated HP has been performed, relating the parameters of air and 
refrigerant. Figure 1 shows the tendencies of HP condenser, and evaporator isothermal 
temperature changes obtained in this parametric analysis, which would allow to achieve high 
efficiency of the HP integrated into the AHU (Fig. 2). These tendencies dictate the concept 
of optimal HP control, the implementation of which is planned to be experimentally verified 
in this paper. 

 

Fig. 1.  Refrigerant temperatures TCNizot, TEVizot and room air temperature TR 
depending on outdoor air temperature Te [8] 

 

Fig. 2.  Coefficient of performance (COP) of HP, AHU and refrigerant 
flow rate depending on outdoor air temperature Te [8] 

 

For experimental verification of the dependences obtained in the parametric analysis, an 
experimental stand of an HP for an AHU was designed and manufactured. At the design 
stage of the stand, a review and analysis of experimental stands of other researchers of a 
similar design or purpose were carried out [9]. This experimental study analyses the energy 
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conversion processes in an AHU, the main energy converters of which are an HP and a heat 
recovery exchanger (HRE). The scheme of the experimental stand is shown in Figure 3. The 
HP consists of a condenser (CN), 2 evaporators (EV1 and EV2), a compressor (CM) and 
electronic expansion valves (EEV1 and EEV2). Together with two fans (supply - Fs and 
exhaust - Fe) and the already mentioned ventilation HRE, we have an experimental stand that 
simulates the functionality of an AHU. The connection of the air supply, exhaust fans and 
heat exchanger to the HP heat exchangers is provided via flexible ducts. A photo of the 
installed stand is shown in Figure 4. 

 

Fig. 3.  Scheme of the experimental stand of the HP for the AHU 

The stand is also equipped with equipment for measuring air and refrigerant parameters. On 
the air side, temperature sensors and calibrated diaphragms are installed to measure the air 
flow. Differential air pressure sensors are installed near the diaphragms to determine the 
flow rate of air supplied and exhausted by the system. Devices for measuring the pressure 
and temperature of the refrigerant are provided in the HP circuit after each of the main units 
(CM, CN, EEV1-2, and EV1-2). A flow meter is provided on the liquid phase side of the 
refrigerant. 
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Fig. 4.  Experimental stand of an HP for an AHU 

RESULTS 

Experimental tests were carried out on the operating mode of an HP for an AHU, in which 
the compressor speed (from 3000 to 8000 rpm) and the throughput of the EEV (from 20 to 
80%) were changed. One of the graphs of the obtained results is shown in Fig. 5. 

 

Fig. 5.  Summary graph of refrigerant parameters obtained during the 
experiment 

The graph in Figure 5 shows the range of change in the refrigerant parameters. The 
temperature of the refrigerant after the EEV represents the isothermal temperature of the 
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evaporator. The isothermal temperature of a condenser is represented by the temperature of 
the refrigerant after the condenser. Although the changes in the evaporator isotherm in the 
selected range of outdoor air temperatures (3–8 °C) resemble the optimal trends obtained in 
the parametric analysis, the course of change in the condenser isotherm is not close to them. 

CONCLUSIONS 

Preliminary experimental studies show that the change in the operating cycle of the HP in 
the investigated or extrapolated range of parameters is not close to optimal. It is necessary 
to look for additional cycle control measures since the traditional ones (VSC and EEV) are 
not enough to achieve the trends in the operation of the HP obtained in theoretical studies. 
One such measure could be a compressor with operating characteristics obtained from these 
studies. 

Keywords: air handling unit with integrated heat pump, experimental studies, operating 
mode, air source heat pump. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Energy efficiency is no longer a matter of question nor a luxury. The escalating energy 
consumption, besides the fossil fuel depletion, made it crystal clear for a foreseen rise in 
energy prices [1]. In 1970, there was a high surge in industrial fuel prices because of the 
Middle East oil crisis. Concurrently, many countries had a great influence on redirecting 
investments to more ecological alternatives and societal-friendly technologies. Since then, 
more investments have been injected into renewable energy sources, including heat recovery 
technologies. Nevertheless, this trend faded away thanks to the drop in fuel prices in the mid-
1980s. Yet, the energy efficiency procedures had the spotlight again in 2005 because of the 
increase in fuel prices. Once again, the Kyoto protocol coronated years of endeavours to 
abate greenhouse gasses (GHGs) and forced energy-intensive industries to cut down 
emissions [1]. As such, paramount legislation was adopted to mitigate the environmental 
impact; according to the COP26, the United Nations (UN) raised the bar, the GHG ought to 
be around 5 billion tonnes lower by 2030 [2]. 

Around 12 PWh per year is wasted annually as heat energy from the global energy 
consumption, which comprises 72% [3]. This energy can be classified as follows: 
 The low temperature is below 200 °C and seizes about 66%. 
 The medium temperature is between 200 and 500°C and makes 25%. 
 High temperature, which is above 500°C and makes 9%. 

Wasted energy comprises about one-third of the total thermal energy use in the industrial 
sector. A remarkable amount of this energy can be recovered to increase energy efficiency 
in industrial processes and reduce greenhouse gases. Food, tobacco, pulp and paper, basic 
metals, chemical industry and non-metallic minerals are the industries where a considerable 
amount of waste heat can be exploited [4]. Waste heat recovery technologies can be utilized 
for many purposes, for instance, providing heating, cooling and electricity. Therefore, these 
can be classified according to their area of application: 
 Recovery as hot air or steam (direct utilizing: heat delivery to district heating or 

cooling or preheating) 
 Conversion to chemical energy as fuel (power utilizing: electricity generation using 

a generator) 
 Thermoelectric power generation (cascade utilization: combining heating, cooling 

and power) [5]. 

mailto:Mohab.Salem@lei.lt


143 
 

Although the European waste heat recovery market worth was expected to go beyond €45 
billion by 2018, waste heat recovery technologies are still a critical decision for 
manufacturers and investors [6]. The prime reason is economic efficiency which dwarfs 
energy efficiency. This is based on the statement that energy efficiency procedures are not 
always profitable or feasible economically [1]. Consequently, major changes had to be made 
to the business model to avert any foreseeable impact on the company’s profitability [1]. 

Waste heat recovery in Lithuania may have other aspects, the Baltic States owe an 
inheritance of extravagant usage of energy resources [7]. As such, Lithuania resorted to 
restructuring the whole energy sector [8]. In the course of this transformation, Lithuania aims 
to diversify its energy supply, reduce the reliance on fossil fuels, increase the share of 
renewable energy and take advantage of wasted heat [9]. The following references explain 
Lithuanian’s intention to utilize waste heat either in industrial processes or district heating, 
but they did not elaborate any detail on the potential of this policy and the exact outcome 
and energy savings or its economic efficiency [9], [10] and [11]. Nevertheless, waste energy 
has been scattered and implemented in many industries in Lithuania, such as textile, 
chemical, leather, manufacture of metal products and other industries [7]. 

As mentioned earlier, the implementation of waste heat recovery is a conundrum for 
investors and experts. The complexity involves the determination of available waste heat 
energy that can be recovered and the best technology to be used. These technologies aim to 
reuse the heat recovered via a dirty gas or a dirty liquid medium in the system once again for 
maximum utilization of the energy input. The recovered head can participate in heat 
generation and electrical or mechanical power. Waste heat recovery technologies primarily 
consist of heat exchangers beside other heat recovery systems such as air preheaters, 
regenerators, recuperators, regenerative burners, heat pipe heat exchangers and direct 
electric conversion devices [12]. 

Therefore, in the presentation detailed analysis of the information on the possibility of waste 
heat recovery in different industrial processes with special emphasis on the Lithuanian case. 

Keywords: Waste heat recovery, Industry, Dirty heat sources, Review 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

For Deep Space missions, there is a lack of available solar energy in locations far away from 
the Sun. So, the traditional technology of energy generation that is used as a power supply 
for deep Space probes is nuclear fuel. Typically, thermoelectric generators can be an option 
for decades-long Space flights. However, they have very low efficiency, often less than 2%. 
So, a novel concept [1] is proposed to convert nuclear heat power into electrical energy that 
is based on the coupling of a thermo acoustic (TAc) engine and magneto hydrodynamic 
(MHD) generator (Fig. 1). In this approach, the TAc engine converts 1 kW heat to the 
mechanical form of energy in the form of sound or pressure oscillations. These vibrations 
are then converted to 200 W electrical energy by using an MHD generator. An MHD 
generator is an electric machine where liquid metal (sodium on 100°C) is moving in the 
magnetic field created by permanent magnets [2]. This movement periodically changes its 
direction. The movement of electrically conducting media in a magnetic field induces an 
electromotive force that results in an electric current in Na. Further, the magnetic field 
created by the Na current induces a voltage in the generator’s coil that can finally be 
connected to the electric load [3]. On the contrary, the thermoacoustic cycle is somehow 
similar to the Stirling cycle, however, with an almost fully different approach. Here, the 
temperature difference of 800°C applied on the ends of the specific heat exchanger, called 
regenerator or stack, creates a spontaneous travelling wave of sound inside the engine’s 
working gas (Argon) on the frequency of 50 Hz. This is obtained when 2 thermoacoustic 
engines are connected in the loop, so one is working as an amplifier to the other one [4]. 

Fig. 1.  Concept of thermoacoustic-to-magneto hydrodynamic energy 
converter “SpaceTRIPS” 
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The brilliance of this technology is that it doesn’t have any moving parts, neither in the TAc 
engine nor in the MHD generator. The liquid metal is the only moving media. So, it is able 
to operate without human maintenance for a half-century or even more. In the FP7 project 
SpaceTRIPS (https://cordis.europa.eu/project/id/312639), the facility was developed, 
constructed and tested in a sodium laboratory at the Institute of Physics of the University of 
Latvia (IPUL). A strong team of scientists from France, Italy, Germany, the Netherlands and 
Latvia were involved. The competence of the team can be justified by the fact that IPUL is 
the leading institute in the world that has focused exclusively on MHD research for more 
than 75 years. IPUL have specific stainless steel laboratory equipment for Alkali metal 
experiments that have no analogues in the world as well as, for example, Dutch company 
“ASTER” – the worldwide leader in thermoacoustic technologies, that provided 
sophisticated and unique parts from exotic materials for “SpaceTRIPS” thermoacoustic 
engine construction. Italy was represented by the company “THALES ALENIA SPACE”, 
which was in charge of proposed technology integration in a Space environment. Finally, 
France was represented by their leading nuclear company, “AREVA”, which was 
responsible for the “SpaceTRIPS” nuclear fuel concept development. However, an important 
disadvantage was found for this type of machine. It is the existence of a liquid metal-free 
surface that can become unstable when it oscillates. Based on the findings of the 
SpaceTRIPS project, a newly developed MHD generator free surface electromagnetic 
stabilization method was proposed that in future could increase technology readiness level 
(TRL) at least by +1. 

METHODS 

The proposed method of free surface stabilization is based on applying a permanent magnetic 
field oriented parallel to the direction of the flow (Fig. 2a). In this case, the principle can be 
explained as follows. When any layer of liquid metal tends to cross the magnetic field lines 
during the development of the instability, it will immediately induce the electric currents. 
These currents will interact with the initial magnetic field. It will happen in the way that this 
field will tend to bring back each deformed liquid metal streamline back to its initial position. 
Thus, it results in a stabilizing effect on the free surface. To prove this principle 
experimentally, a test mock-up was created (Fig. 2b) with 2 loudspeakers placed one in front 
of another, electrically connected in the push-pull regime, connected to a sinusoidal signal 
generated by a function generator and further connected to an amplifier. The purpose of this 
is to simulate the work of the TAc engine in a small-scale experiment. On the other hand, 
the loudspeakers are connected to the 2 transparent cones made from plexiglass and further 
connected to a U-shaped pipe filled with liquid metal – InGaSn, that will simulate sodium. 
The Galinstan is chosen due to its low melting temperature of less than 20°C and ease of 
operation if compared to sodium. On the level of the free surface, the axially magnetized 
NdFeB permanent magnet is placed as a source of the magnetic field. 

 

https://cordis.europa.eu/project/id/312639
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Fig. 2. Liquid metal free surface electromagnetic stabilization method: a) proposed concept; 
b) built experimental testing stand with loudspeakers 

RESULTS 

The visual experiment with electromagnetic stabilization was performed on several 
frequencies, and the stabilization effect was captured on a video camera. The comparison of 
a case with a magnetic field and without is shown in Fig. 3. It can be seen that a certain 
stabilization effect is acquired. The magnetic field electromagnetically tends to suppress the 
liquid metal splashes. 

 

Fig. 3.  InGaSn oscillating flow free surface stabilization experiment: a) with the magnetic 
field created by permanent magnets; b) without magnetic field 

CONCLUSIONS 

A new concept of liquid metal-free surface electromagnetic stabilization is proposed. 
Experiments showed that it works, and the stabilization effect can be observed. It can be 
seen that, in a case with a magnetic field, splashes are jumping at a lower height than in 
comparison with a case without a magnetic field. So theoretically, it can be implemented in 
the real “SpaceTRIPS” prototype, thus improving the TRL of the “SpaceTRIPS” facility by 
at least +1. However, further free surface stabilization experiments should be performed with 
either a higher magnetic field or in relevant conditions with liquid sodium. This is because 
sodium electrical conductivity is by an order of magnitude higher than InGaSn. So this would 
allow having stronger electromagnetic interaction of the liquid metal with a magnetic field. 
The future scope of this research could involve theoretical or numerical investigation of the 
described electromagnetic stabilization phenomena. 

Keywords: Magneto hydrodynamics, MHD, thermoacoustic, liquid metals, deep Space 
exploration 
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ABSTRACT 

The European Green Deal - a new growth strategy to transform the EU into a fair and 
prosperous society with a modern, resource-efficient economy in which, by 2050, there will 
be no greenhouse gas emissions, and economic growth is decoupled from resource use. 
Energy production and use account for more than 75% of the European Union's (EU) 
greenhouse gas emissions in all sectors of the economy [1]. The electricity sector must 
therefore be developed and modernized through the introduction of clean technologies based 
on renewable energy sources, thus gradually reducing carbon and gas emissions. With each 
passing year, more and more power sources are being connected to an electricity grid using 
power electronics [2], [3]. This electricity grid transformation poses new challenges for 
power system engineers to find new solutions for power-sharing [4], reliable and stable 
voltage and frequency management [5], and grid stability – from innovative controllers 
integrated with wind farms [6], [7] to virtual synchronous generator inertia simulation with 
power frequency drop [8]. 

The paper presents the methodology to obtain efficient synthetic inertia (SI) algorithm. It 
allows simulating the inertia response of a traditional generator to an electrical power 
system. To prove the efficiency of the presented SI algorithm, detailed dynamic calculations 
were performed in PSSE modelling package using a large real system dynamic model to 
determine the generator power, angle, voltage, and system frequency change and its angle 
variation in the presence of a power deficit in the power system. The calculated data were 
used for comparison between the generated response of the synthetic inertia algorithm at the 
frequency change of the power system and the conventional generator Fig. 1.  

 
Fig. 1.  Comparison of active power outputs of synthetic inertia algorithm 

and simulated power output, when H=5 seconds and 4173 MW loss of 
generation 
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The efficiency of the algorithm was thoroughly investigated using Mean-squared error and 
Correlation coefficient. The results show that during the active power loss in the power 
system, the algorithm's active power output is similar to the simulated power output of the 
generator. Moreover, an obtained algorithm is very convenient to use in the real controller 
due to its low order transfer function. This algorithm can be easily integrated into controllers 
of the solar plant, wind farms, and high voltage direct current links to help maintain the 
power system inertia by injecting synthetic inertia into the power system while the frequency 
fluctuation exceeds allowable limits. 

Keywords: Synthetic inertia, virtual synchronous generator, renewable energy source 
(RES).  
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

From an operational point of view of the electricity system, there is an increasing claim for 
the higher utilization of transmission capacities. Due to the growing demand for energy, the 
development of the energy industry, and the integration of renewable energy sources into 
the power system, some parts of the transmission network can become overloaded. There 
are several ways to solve this issue, such as building new transmission lines, reconductoring 
existing lines, and so on. Besides these methodologies, dynamic line rating (DLR) 
technology offers a more economical solution for the uprating of overhead lines. [1] - [3] 

The essence of a DLR system is that with the continuous monitoring of the environmental 
parameters, a real-time transmission capacity can be determined, which can significantly 
exceed the currently commonly used static line rating. [4] By planning the generation 
schedule, it is of paramount importance to take into account the transmission capacity of the 
power lines. Accordingly, forecasting the transmission capacity of the power lines greatly 
contributes to efficient trading in the electricity market. However, it requires different 
weather forecast models. [5] 

The aim of this article is to examine the uncertainty of weather forecasts and their effect on 
line rating prediction. Once the degree of line rating forecast uncertainty has been 
determined, a safety factor can be established that facilitates a more reliable DLR system. 

METHODS 

For the forecasting of dynamic line rating, the examination of the uncertainty of different 
weather forecast models is essential. The inaccuracy of the data provided by weather 
forecasts should be kept to a minimum or should be corrected in order to avoid potential 
thermal overloads of the conductors. [6] Accordingly, in the first step of this study, the 
weather parameters measured by the sensors mounted on transmission line towers are 
compared with the weather forecasts’ output. [7] In the framework of the FARCROSS 
Horizon 2020 project, weather stations mounted on the towers of four European transmission 
lines provided the necessary environmental data. For line rating prediction, a weather 
forecast is provided for each line by an international and an internal weather agency, also, 
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which are served for the geographical location of the involved transmission lines. Based on 
the comparison of the weather forecast data and the weather stations’ measurements, the 
influence of the environmental factors on the ampacity (ampere capacity) has been 
determined. Moreover, the study covers the investigation of weather forecasts’ uncertainty. 
Thus, the obligation for forecast correction is analysed to avoid the thermal overload of the 
conductors. There are different possible methods distinguished for correcting weather 
forecast uncertainty. [8] 

RESULTS 

During the analysis of the weather forecasts in this research, the inaccuracy of each forecast 
model was determined. By examining the environmental parameters, the influence of each 
parameter was determined on the line rating calculation [9] [10], and also the correction 
factors were introduced to eliminate the uncertainty of the forecasts. In the next step, the 
extra capacity gain is calculated with the weather forecast-based DLR system. A comparison 
is also presented here to show how the forecast-based system and the transmission capacity 
calculated on the basis of real-time data relate to each other. Fig. 1 shows that although the 
forecast-based DLR system is somewhat more conservative, it represents a good tracking of 
the capacity to meet current environmental conditions. 

Fig. 1. Comparison of dynamic line rating calculated based on real-time 
weather measurements and weather forecast data 
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Fig. 2. Correction factor for wind speed and its effect on line rating 
forecast 

After calculating the line rating, the uncertainty caused by the forecast can be reduced by 
introducing a correction factor for each environmental parameter, thus, the thermal overloads 
can be reduced or even avoided. Fig. 2 shows the extent to which the range of the uncertainty 
can be reduced by correcting the wind speed. However, still remains a considerable extra 
capacity. 

CONCLUSIONS 

A DLR system based on the weather forecast can be used as an effective solution for 
expanding transmission capacity, even in the case of planning generation schedules. By 
examining the different weather forecasts, it can be concluded that the individual 
environmental parameters have different influence factors on the calculation of the 
transmission capacity. However, the uncertainty arising from the forecast must be corrected 
so that the ampacity determined in this way reduces the risk of thermal overload of the 
transmission line conductors. The study revealed that the ambient temperature as well as the 
wind speed and wind direction have the greatest influence on the line rating, so the risk of 
thermal overloads can be minimized by correcting them. Also, combining the correction of 
these parameters is also a possible solution, thus increasing the safety factor. 

The development of other models also seems to be an appropriate step to reduce the 
uncertainty arising from the forecasts to close to zero. The research also revealed that night 
and day forecasts of ambient temperature have different uncertainties, so a thorough 
examination of this phenomenon is worthwhile, too, as the deviation may be influenced by 
another parameter (such as solar radiation in this case). For this reason, future goals include 
the introduction of a time-varying correction of the line rating prediction, where the 
reduction of uncertainty is continuously based on the comparison of measured and forecasted 
environmental factors. 

Keywords: dynamic line rating, DLR, prediction, weather forecast, a risk factor 
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ABSTRACT 

The demand for battery materials and research into battery technologies is 
steadily rising as the popularity of electric vehicles (EV) grows. The main 
impediment with electric vehicles is the slow or no development of new battery 
technologies and the associated battery management systems. High energy 
density batteries such as Li-ion, Li-S, Solid-State batteries, and others are 
replacing traditional batteries like lead-acid and Ni-Cd batteries. This study 
aimed to review the recent developments and one of the challenges faced by 
electric vehicles: battery management systems. 
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INTRODUCTION 

The first commercial Li-ion battery was produced by Sony in 1991 [1], and it has grown in 
tremendous popularity since then. Fig. 1 shows the energy density (Wh/kg) of various battery 
types. It can be clearly seen that the energy density of Li-ion batteries is much higher than 
any of the currently available alternatives. Fig. 1 shows the dominance of Li-ion batteries in 
the stationary storage market over the past 10 years. 

Fig.1. Energy densities (Wh/kg) of different battery systems [2] 

The global lithium market was worth USD 2.7 billion in 2020, and it is predicted to increase 
at a compound annual growth rate (CAGR) of 14.8 percent from 2021 to 2028 [3]. This 
tremendous growth can be attributed to their high energy (100-270 Whkg-1) and power 
density (250-680 W kg-1), long service life (600-3000), higher charging efficiency (80-90%), 
and low self-discharge rate (3-10 % month-1) features [4]. Despite high energy density per 
kilogram of weight, Li-ion batteries suffer from some serious flaws. They have a small 
operational window with regards to temperature, current, and voltage. They are flammable 
due to the presence of organic electrolytes, which raises many security issues like thermal 
runaways and even explosions [5]. Overcharging or discharging the battery with too many 
temperature fluctuations will cause the battery to degrade quickly. Additionally, the life-
cycle of the batteries is reduced if the depth of discharge (DOD) is higher. Since electric 
vehicles require a considerable amount of power and voltage, the problem gets worsened 
when hundreds of Li-ion batteries are connected in series and parallel. As a result, using 
such a complex battery pack requires special attention. Therefore, a dynamic, robust, and 
efficient battery management system (BMS) in an EV is of utmost importance.  

BATTERY MANAGEMENT SYSTEM (BMS) 

The BMS in EVs contains parts like sensors, actuators, controllers with algorithms, and 
signal wires. It performs the following functions: 

 Ensure the batteries run in the safe operational window (proper current, voltage, 
and temperature). 

 Keep the cells and battery pack safe from harm. 
 Keep the batteries in a state where they can meet the demands of the vehicles. 
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BMS executes the following tasks: Battery parameter detection, battery state estimation, 
safety control, battery balancing, thermal management, communication, logging and data 
storage, on board diagnosis, and power supply [6]. The process begins with on board current 
and voltage sensors detecting the current and voltage of each cell. A temperature sensor or 
a thermocouple measures the temperature of the battery pack at the same time. This 
information is fed into the battery model, and a suitable estimation method is employed to 
estimate the battery's individual or joint condition. Finally, this status estimation data is 
supplied to the charging module, which determines the vehicle's charging requirements. 
Various battery models (electro-chemical model, thermal model, ageing model, etc.) are 
used to determine the multi-time scale battery states like the State of Charge (SOC), State of 
Energy (SOE), State of Health (SOH), State of Power (SOP), State of Temperature (SOT) 
and State of Safety (SOS) [7] as shown in Fig. 2. Together, these battery state features help 
maintain both the short and long-term states at their optimum level.   

Fig. 2.  Timescale of different battery states. 

TOPOLOGIES FOR BATTERY MANAGEMENT SYSTEMS 

Topology determines how each cell is attached to the BMS. Choosing the right topology is 
crucial for production cost, maintainability, and dependability. Here, four different 
topologies are presented and explored briefly. A Centralized topology contains a single 
printed circuit board (PCB) connected to the cells in series and gives a more compact and 
cost-efficient solution. Volkswagen e-Up (2014) model used a centralized BMS topology 
with 17 serially connected modules [8]. In modular topology, the BMS is split into multiple 
parts due to the presence of a large number of cells in parallel. Tesla Model S and Mitsubishi 
Motors used this type of topology [9]. The Master-slave topology involves two distinct 
subgroup configurations. The slave is directly connected to the cells while the master BMS 
communicates with the slave module. In the distributed BMS topology, small circuits are 
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connected to cell modules. These cell modules communicate with each other, and the last 
module is connected to the controller, as shown in Fig. 3 [10].  

Fig. 3.  Different topologies used in BMS a) Centralized, b) Modular, c) 
Master-Slave, d) Distributed 

The traditional wired-BMS topology mentioned above has numerous difficulties, including 
a large wire harness, scalability issues, a physical wiring failure, and high implementation 
cost and weight. The Wireless BMS (WBMS) is one of the potential alternatives developed 
by researchers. WBMS can further be categorized into Bluetooth-based, Wi-Fi-based, 
Zigbee-based, Internet-of-Things-based, and, Cloud-based WBMS. Until now, Bluetooth 
and Zigbee-based WBMS have been investigated the most in the last decade. However, 
research in other areas of WBMS is gaining momentum [11]. 

CONCLUSION 

Lithium-ion batteries are very important for many electronics, powering our laptops, mobile 
phones, medical devices, drones, cars, as well as rovers on other planets. The wide variety 
of electrode choices available makes Li-ion battery technology flexible and further 
enhancement of their performance a possibility. The overall performance parameters of Li-
ion batteries, like safety, cycle life, charge/discharge rate, etc., need continuous monitoring 
by means of an on board battery management system (BMS), which adds to both the 
complexity and the cost of the battery. Advancements both in battery and its management 
system technologies will be determinant factors in the widespread adoption of electric 
vehicles.  

Keywords: Lithium-ion battery, Battery management system (BMS), Electric vehicles 
(EVs). 
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ABSTRACT  

In this study, the effect of heat extraction on electricity consumption by using a 
Nano fluid from the hot side of Peltier in thermoelectric refrigerator systems was 
investigated. In the study, Al2O3-Water, TiO2-Water and SiO2-Water Nano fluids 
at a mixture ratio of 0.5% by mass were used as Nano fluids. In addition, in order 
to compare the data, the tests were repeated with water without the addition of Nano 
fluids under the same conditions, and these data were determined as the reference 
state. The tests were carried out for one hour for unloaded condition and for loaded 
condition (by leaving 1 litre of product to be cooled in the cooling cabinet). 
According to the results obtained from the experimental study, the use of Nano fluid 
instead of water as a refrigerant in the system reduces the amount of electricity 
consumption. In addition, the selection of appropriate Nano fluids is also important 
in terms of energy consumption. Experimental results showed that Al2O3-Water. 
Nano fluid is more efficient compared to TiO2-Water and SiO2-Water Nano fluids 
in both loaded and unloaded conditions. 
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INTRODUCTION 

Thermoelectric coolers (TECs) are devices that work according to the so-called Peltier 
effect. The Peltier effect is the principle that when an electrically serial and thermally parallel 
circuit is created between two semiconductors and current is applied to this circuit, cooling 
on one surface of the semiconductor materials and heating on the other surface, that is, heat 
flow from one surface to the other surface [1,2]. In addition to the fact that they do not 
contain any refrigerants that are harmful to the environment or any moving parts, their most 
important advantages are their silent and vibration-free operation, the absence of 
maintenance costs, very precise temperature controls and their compact structure [3]. Thanks 
to these advantages, they have a wide range of uses, such as mini refrigerator applications, 
picnic coolers, organ and drug transport boxes, aerospace industry [4]. On the other hand, 
their coefficient of performance (COP) is low compared to conventional cooling systems. 
For this reason, studies to increase the efficiency of TECs continue [5]. The most important 
of the techniques used in studies for this purpose is to keep the hot side temperature of the 
Peltier at lower values. Liquid-cooled blocks are used on these surfaces to increase the 
amount of heat dissipated from the hot side of the Peltier [6]. In recent years, the use of Nano 
fluids as a refrigerant instead of the base liquid has been tried. Thus, the heat transmission 
coefficients of the cooling liquids are increased, and therefore, the heat interaction is 
increased [7]. Nano fluid is formed by adding various nanoparticles in various proportions 
into a fluid such as water, kerosene, or ethylene glycol [8]. In this study, an experimental 
study was carried out to increase the cooling power of a 36-litre thermoelectric refrigerator. 
A water-cooled block was added to the hot side of the Peltier system used, and various Nano 
fluids were circulated from this block at a mixing ratio of 0.5% to increase the efficiency 
obtained from the cold side. Thus, it is aimed to contribute to the efficient use of energy 
resources by reaching the desired cooler cabinet temperature in a thermoelectric cabinet 
earlier. 

MATERIAL AND METHODS 

First of all, the refrigerator cabinet with a 36-litre internal volume was produced using MDF 
material, using 60 mm polyurethane foam on the back surface and 60 mm XPS insulation 
material on the other surfaces.  

Then, the Peltier assembly was prepared: a 50 mm thick aluminium ingot was attached to 
the cold surface of the Peltier, and an aluminium fin was attached to the other surface of this 
aluminium ingot by means of a thermal paste. The purpose of using aluminium ingots on 
this surface is that the Peltier assembly does not remain inside the cabinet door. A water-
cooled block was attached to the hot surface of the Peltier, again using thermal paste. An 
aluminium fin is attached to the other surface of the water-cooled block. In addition, small 
fans are combined on the aluminium fins on both surfaces of the Peltier assembly in order 
to accelerate the heat dissipation. This prepared Peltier system is placed in the refrigerator 
cabinet from the middle of the front door. 

The refrigerants to be used in the system were prepared: Three different Nano fluids were 
obtained by mixing 600 ml of water with 0.5% by mass Al2O3, TiO2 and SiO2 nanoparticles. 

In addition, a pump is used in the system to ensure the circulation of the refrigerant, and a 
heat exchanger is used to effectively remove the heat taken from the hot surface by the 
refrigerant to the environment. 
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With the installed system, the refrigerant in the refrigerant reservoir is sent to the water-
cooled block with the help of the pump. The refrigerant, which takes the heat from the cooler 
block, comes to the heat exchanger and returns to the refrigerant reservoir after leaving its 
heat in the environment. Thus, it completes its cycle. 

Experiments were carried out in a laboratory environment. Ambient temperatures of 18, 24 
and 30 0C were created with the help of an air conditioner, and the performance of the system 
was examined for these conditions. Then, the measurements were repeated by leaving 1 litre 
of water in the cabinet in order to observe the performance data while there was the product 
was cooled in the cabinet under the same outdoor conditions. In order to compare the data 
obtained, reference state data were created by using water as the refrigerant for each case. 

Data such as cold and hot fin temperatures, cooling cabinet temperature, cooled product 
temperature, and refrigerant temperature were measured using K-type thermocouples. The 
duration of the measurements was determined as 3600 seconds, and the measurements taken 
every 30 seconds were sent to the computer with the help of a data logger. 

RESULTS 

It was observed that the temperature of the cooler cabinet decreased to 1.7 °C after 3600 
seconds in the tests carried out in the reference condition under no-load conditions at an 
outdoor temperature of 18 °C. As shown in Figure 1, the specified cooler cabinet temperature 
is lowered at earlier times using various Nano fluids at a 0.5% mixing ratio. The same 
temperature value was reached with the fastest Al2O3 Nano fluid under the aforementioned 
conditions. 

 
Fig. 1. Comparison of electricity consumption at 18 °C ambient 

temperature without load conditions 

For the reference case, it was observed that the temperature of the cooler cabin decreased to 
8.5 °C after 3600 seconds in the loaded condition tests at 24 °C outdoor conditions. In the 
tests carried out under the same conditions, it was observed that the specified temperature 
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value was lowered earlier in the cases where Nano fluid was used. As shown in Fig. 2, the 
temperature value in question was reached with Al2O3-Water Nano fluid at the earliest.  

 
Fig. 2. Comparison of electricity consumption at 24 °C ambient 

temperature without load conditions 

CONCLUSIONS 

In this experimental study, the effect of heat extraction on electricity consumption by using 
a Nano fluid from the hot side of Peltier in thermoelectric refrigerator systems was 
investigated. According to the results obtained from the study, the use of Nano fluid instead 
of water as a refrigerant in the system reduces the amount of electricity consumption. In 
addition, the selection of appropriate Nano fluids is also important in terms of energy 
consumption. Experimental results showed that Al2O3-Water Nano fluid is more efficient 
compared to TiO2-Water and SiO2-Water Nano fluids in both loaded and unloaded 
conditions.  

Keywords: Thermoelectric cooling, Nano fluids, electricity consumption, space cooling 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Currently, 3854 multi-family houses or approximately 10% of the fleet, are renovated in 
Lithuania. 1300 multi-family houses are in the renovation process [1]. The renovation of the 
older generation multi-family houses enables to decrease the energy consumption by 
approximately 30-40% [2]. Thus, a systematic and speedy renovation process affects not 
only the consumption side but also the heat production and heat supply to the consumers’ 
side. The reliable and comprehensive set of the energy consumption data for each consumer 
(multi-family or single house) and thorough analysis of the data might provide a tool for the 
district heating companies to increase the efficiency of heat production and supply to the 
customers.  

METHODS 

For the analysis of heat consumption, real data for renovated and un-renovated multi-family 
houses were taken for the period of 2018-2019 (with colder winter in comparison with 2020). 
In the analysis, the space heating data were compared to the degree of days as well as to the 
heated area and even heated volume in order to find possible tendencies. Statistical and 
graphical analyses were employed to conduct the research on heat consumption tendencies 
for renovated and unrenovated buildings. 

RESULTS 

The obtained results, in general, showed the advantages of renovated multi-family houses in 
terms of energy consumption per area or volume unit. The performed analysis also showed 
that for the prognosis and further decision-making, reliable and comprehensive data is 
required. As it is presented in Fig. 1 and Fig. 2 in the time span for October-December of 
2019, unexpected differences in heat consumption for renovated and unrenovated multi-
family houses are observed. In addition, a very slight lag in energy consumption for the 
renovated buildings is observed. Thus, the renovated buildings could provide the possibility 
for the heat supplier to cut the most expensive heat peaks optimising heat prices and 
prolonging the lifetime of the heat distribution network. Taking into account the current 

mailto:Otilija.Vonzudaite@lei.lt
mailto:Sigita.Urboniene@vdu.lt
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situation in the energy market and energy security matters, a thorough analysis of possible 
ways to the development of the heating systems to meet public interest and Green Deal 
targets should be performed. 

 
Fig. 1. Sampled comparison of heat consumption in renovated and 

unrenovated houses taking into account degree of day 

 
Fig. 2.  Sampled comparison of heat consumption in renovated and 

unrenovated houses  

To identify possible energy consumption trends, graphical and statistical data analysis of 
hourly space heat consumption and outdoor air temperature for different building categories 
in different cities was performed. The main descriptive statistics of the relative heat 
consumption data were also calculated. A linear relationship between relative space heat 
consumption, outdoor air temperature, and other building parameters was determined using 
correlation analysis. For each analysed building, linear regression models of relative heat 
consumption and outdoor air temperature were developed, which allow predicting the 
relative space heat consumption at different outdoor temperatures, interpretations of the 
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obtained regression equation coefficients, accuracy of each model forecast, and their 
comparative analysis. 

 
Fig. 3.  Hourly relative heat consumption and outdoor air temperature in 

renovated and non-renovated multi-family buildings 

Hourly data on relative space heat consumption and outdoor air temperatures are used to 
develop regression models. Statistically significant linear regression models of relative space 
heat consumption and outdoor air temperature were obtained. The coefficient of 
determination of the first model is 0.76, while of the second model is 0.63, i.e. regression 
lines explain about 76 % and 63 % dissipation of relative space heat consumption per hour. 
Statistically significant coefficients of the regression equation and high coefficients of the 
determination indicate that the models are suitable for predicting relative space heat 
consumption. 



168 
 

 
Fig. 4.  Linear regression models of renovated and non-renovated multi-

family buildings 

CONCLUSIONS 

1. Reliable and comprehensive data is required for the thorough analysis and decision-
making on the renovation process. 

2. Society and district heating companies could benefit from the deep analysis of heat 
consumption behaviour, providing ways to lower the heat process and extending the 
lifetime of the heat distribution network.  

3. Developed regression models are suitable for predicting relative space heat consumption. 

Keywords: Energy consumption, renovation, statistical analysis 
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ABSTRACT 

High-intensity and low-intensity radiant heaters are the most common 
categorization in heating technology with radiation. Heaters, where combustion 
occurs in black tubes, are called low-intensity radiant heaters and heaters where the 
air-gas mixture burns in a burner, and the open, bright flame is seen are called high-
intensity heaters. Low-intensity radiant heaters radiated their energy over a wider 
area than high-intensity heaters because of the larger surface area. Natural gas 
burners have been widely used in radiant heating technologies because of their 
advantages in both efficiency and emissions. However, with the promulgation of 
the more stringent emission regulations, the control of emissions becomes a major 
issue in combustion systems. This paper aimed to investigate numerically the effect 
of the partially premixed mixture on a natural gas burner on a radiant heater. The 
radiant heater placed in the room and the effect of the premixed ratios (from 0% to 
40%) on the temperature distribution in the room, efficiency and emissions were 
analysed. The modelled radiant heater type is a low-intensity U-type radiant tube 
with 22 kW thermal power. Calculations were made in three-dimensional 
conditions, and Ansys Fluent package program was used as a Computational Fluid 
Dynamic program. To model the turbulence Standard k-ε model was used to model 
the combustion, the eddy dissipation model was used, and to model the radiation, 
the P1 model was used. Conjugate heat transfer was considered in the radiant tube 
wall interfaces between the fluid and the solid zones. Results showed that increasing 
the premixed ratio decreased the flame length in a radiant tube. Also, with the 
increase of premixed ratios, the exhaust gas temperatures decreased. 

Keywords: Combustion, Partially premixed combustion, Radiant heating, Heat transfer, 
Numerical modelling. 
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INTRODUCTION 

In heating applications, the object which is heated does not directly contact the combustion 
products or flame. The main advantages of radiant tube heaters are that they can effectively 
control the atmosphere in the furnace, isolate the workpiece and flue gas in a furnace to 
reduce combustion loss by oxidation and improve product quality. Therefore, radiant heaters 
are widely used in refining furnaces in the heat treatment industry. Straight-type radiant 
tubes were first invented and used in Germany in the 1930s with lower thermal efficiency 
and higher NOx emissions. Later, systems such as U-type, W-type, P-type and double P-type 
were gradually developed and widely used for continuous heat treatment furnaces in the iron 
and steel industries [1]. In addition, radiant heaters are very effective devices used for 
heating large, high, semi-open and open environments where traditional heating methods are 
insufficient. Radiant heating is based on the principle of energy transfer from a hot 
temperature object to a lower temperature object via electromagnetic wave energy. The more 
intense the radiant heat, the less the actual air temperature needs to be increased for a 
comfortable indoor environment. In radiant heating systems, ignition is generally carried out 
using gaseous fuels, but liquid fuel burners are also available [2]. 

Radiant heaters are generally divided into two classes. These are high-intensity radiant 
heaters and low-intensity radiant heaters. In high-intensity radiant heaters, there is mainly 
visible flame radiation, and surface temperatures are 1000 °C and above. In practice, low-
intensity radiant heaters are generally preferred and used. Surface temperatures in low-
intensity radiant heaters are around 650 °C at most. The main parts of low-intensity radiant 
heaters can be listed as burner, radiant tube, reflector, exhaust, and vacuum pump [3]. 

Computational fluid dynamics (CFD) is widely used today as a useful tool for energy 
optimization of heating systems. It significantly reduces the need to run costly experiments 
before making changes to a system and provides information that is difficult to obtain 
empirically. In many studies by researchers, combustion and heat transfer phenomena in 
radiant tube heating systems have been investigated both experimentally and numerically. 
Many of these researches are related to industrial furnace sector applications. Tsioumanis et 
al. [4] carried out numerical analyses of a flat type recuperative radiant heater without 
considering the combustion process. They used three different turbulence models in their 
simulations and compared their results with experimental airflow velocity measurements. 
They stated that the Standard k-ε model provided partially better results between 
experimental and computed velocity profiles in the combustion chamber region, among 
other k-ε turbulence models. They operated the burner to its rated design point of 25 kW 
thermal input, GCV basis. Air and natural gas were supplied to the pilot and main burner air 
and fuel inlets accordingly. In another study by the same authors [5], they obtained 
satisfactory results with experimental data for the temperature profiles and NOx emissions 
along the walls of the radiant heater, taking into account the combustion phenomenon. 
Garcia et al. [6] numerically modelled the straight type non-recirculating radiant pipe. They 
used Eddy Dissipation Concept (EDC) model and the Steady Diffusion Flamelet (SDF) 
model for comparison. Numerical calculations were performed under two-dimensional 
axisymmetric conditions. Xu et al. [7] experimentally investigated the performance of a 
straight tube radiant heater in a horizontal heating furnace. Xu et al. [8] investigated the 
performance of an M-type and A-type radiant heaters. Comparing the two types of radiant 
heaters, they stated that the circulation of combustion gases in the double-A radiant heater 
significantly reduces the maximum temperature in the combustion zone and produces a more 
homogeneous temperature along the tube. 
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Maznoy et al. [9] designed a new configuration of a gas-fired infrared heater and 
experimentally studied the operation with and without preliminary heating of combustion 
air by recuperating flue gas heat. In their design, the heater is constructed using an annular 
cylindrical radiant burner mounted inside a stainless steel conical reflector. Scribano et al. 
[10] experimentally investigated the single-ended self-recuperative radiant tube burner 
fuelled by natural gas in the non-premixed mode, which is used in the steel industry for 
surface treatment. They aimed to obtain the best operating conditions in terms of optimum 
equivalence ratio, thermal power and lower pollutant emissions. 

Partially premixed combustion is applied in many combustion systems such as gas turbine 
engines, internal combustion engines, domestic stoves, furnaces etc. Partially premixed 
flames occur when a rich mixture of fuel/air mixes with a lean mixture of fuel/air. Several 
studies are reported on partially premixed flames. Gore and Zhan [11] performed 
experimental investigations on laminar partially premixed methane-air in an over ventilated 
co-flow jet flame. They stated that with increasing levels of partial premixing, they observed 
that the visible flame height decreases and the overall flame colour changes from yellow to 
blue and the radiative heat loss fraction first decreases and then reaches a constant value. 
Lyle et al. [12] researched the effect of partially premixing on turbulent jet flames and 
emission characteristics. They claimed that at sufficiently high levels of partial premixing, a 
double flame structure consisting of a rich premixed inner flame and an outer diffusion flame 
is established, similar to laminar flames. Sreenivasan et al. [13] investigate the influence of 
flow and partial air premixing on liquid petroleum gas (LPG) flames in a lab-scale co-flow 
burner. Their results showed that in a dual air stream configuration, the partial premixing is 
optimum at nearly 45% primary air value. 

Literature survey showed that there is still a lack in the modelling of radiant heaters with 
conjugate heat transfer, the effect of fuel-air mixture ratios on heat transfer and the effects 
of this situation on room temperature distribution. In this paper, the effects of the fuel-air 
premix ratios in a U-type radiant tube burner placed in the room were investigated. The 
obtained results were evaluated in terms of temperature distributions of the room, 
temperature distributions on and inside the radiant heater tube surface, velocity vector 
distributions around the burner and mass concentration of methane gas. 

METHODOLOGY 

Within the scope of this paper, the effect of different premix ratios on heat transfer in a U-
type radiant heater placed in a 2500 mm x 2050 mm x 2060 mm room was investigated 
numerically. These room sizes are generally based on the study of Ahanj et al. [14]. In this 
context, methane was burned with air at premix ratios of 0%, 20% and 40%. The modelled 
radiant heater had a diameter of 70 mm and a length of 4600 mm. The distance between the 
radiant tube surface and the reflector is 70 mm, and the reflector is placed 200 mm below 
the ceiling. The modelled geometry is shown in Fig. 1. The air enters the radiant tube through 
the entire 70 mm diameter. Then, it proceeds from the primary and secondary air holes in 
the burner, and the combustion takes place by mixing with the fuel. The burner, where the 
fuel-air mixture takes place, is placed at a distance of 50 mm from the air inlet and in the 
centre of the tube. The fuel inlet diameter is 4.5 mm, and methane was chosen as the fuel. In 
all calculations, the excess air coefficient was 1.5, and the total mass flow rate of the air was 
calculated according to this situation. The thermal power of the burner was 22 kW, and the 
mass flow inlet of fuel was set according to this value. Boundary conditions of mass flow 
inlet at air and fuel inlets, pressure outlet at flue gas outlet are selected. The reflector wall 
has 95% reflectivity. The wall boundary condition was selected for all room walls, and the 
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wall temperatures were entered as 300 K. The coupled wall boundary condition is applied at 
the interfaces where the room and the radiant tube intersect. The eddy dissipation model was 
used to model the combustion inside the radiant heater tube, and the Standard k-ε model was 
used to model the turbulence. The P1 model was chosen as the radiation model. The SIMPLE 
(Semi-Implicit Method for Pressure Linked Equations) scheme was adopted for the pressure-
velocity coupling. The convergence criterion was set to 10-6 for all equations. 

 
Fig 1. The geometry of the room with a radiant heater 

In solving problems with Computational Fluid Dynamics (CFD), geometry should be knitted 
with a mesh structure. In a good mesh structure, the average element quality and orthogonal 
quality are expected to be between 0.75-1 values, while the average skewness value is 
expected to be between 0-0.25 values [15]. The mesh structure properties of the room with 
a radiant heater are given in Table 1. When Table 1 was examined, it was seen that the 
necessary conditions for a good mesh structure were met. 

Table 1. The mesh structure properties of the room with radiant heater 

Average element quality 0.837 

Average skewness 0.229 

Average orthogonal quality 0.768 

Node number 506581 

Element number 2944352 

The tetrahedral element was used in the meshing process. The interior of the U-type tube, 
where the combustion takes place, was meshed with a small size and fine mesh structure, 
while the interior of the room has meshed with a larger and relatively coarser mesh structure. 
The coarser mesh was chosen because it was good enough to resolve fluid flow in the room. 
The mesh structure of the room with the radiant heater and the radiant tube is shown in 
Fig. 2. 
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a) b) 

Fig 2. The mesh structure of a) the radiant tube and b) the room with the radiant heater 

RESULTS AND DISCUSSIONS 

In this paper, the thermal effects occurring in the radiant tube and the room were investigated 
by changing the fuel-air premix ratios in a U-type radiant heater placed in a closed room. 
The obtained results were evaluated in terms of temperature distributions occurring in 
different planes in the room, temperature distributions on the surface and inside of the radiant 
tube, and mass fraction of methane. In addition, graphs of temperatures in the linear direction 
from floor to ceiling were drawn at three points in the room, and these values were compared 
for the three different premix ratios. 

The temperature distributions occurring on the surface of the radiant tube were given in Fig. 
3. The highest temperatures on the radiant tube surface began to occur at a distance of 
approximately 600 mm, 540 mm, and 480 mm, respectively, in models with 0%, 20% and 
40% premix ratios. Moreover, as the premix ratio increased, the red colour temperature 
gradient on the radiant tube surface spread over a wider area. With the heat transfer from the 
combustion gas to the room, the temperatures decreased gradually towards the outlet. In the 
model with a 40% premix ratio, the temperatures on the radiant tube surface were higher 
than in other models. 
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a) 

 
b) 

 

 
c) 

Fig 3. The temperature distributions occur on the surface of the radiant 
tube. a) 0%, b) 20%, c) 40% premix ratios 

The temperature distribution inside the radiant tube is shown in Fig. 4. According to this 
figure, the flame length decreased as the premix ratio increased. The highest flame 
temperature was measured at 1875 K in the 0% premixed model, 1880 K in the 20% 
premixed model and 1894 K in the 40% premixed model. 

 
 

 
a) 

 
b) 

 
c) 

Fig 4. Temperature distribution inside the radiant tube. a) 0%, b) 20%, c) 
40% premix ratio 
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Variation in mass fraction of methane in relation to distance is shown in Fig. 5. According 
to this figure, the mass fraction of methane decreased rapidly in all models, and as the gas 
moved, this rate of decrease in mass fraction of methane gradually slowed down. In the 40% 
premixed model, the methane gas was consumed earlier than in the other models. At a 
distance of about 600 mm, the methane gas was completely consumed in all models. 

 
Fig 5. Variation in mass fraction of methane in relation to distance, 0% 

(red colour), 20% (green colour), 40% (blue colour) premix ratios 

Temperature distribution in the XZ plane at 800 mm above the floor was shown in Fig. 6. 
According to this figure, the highest temperatures occurred in the central regions, and the 
temperatures decreased towards the edges. When all models were compared, the temperature 
values in the 40% premixed model were higher than the other models, and the lowest 
temperatures occurred in the 0% premixed model. In this context, the highest temperature 
was 35.4℃ in the 40% premixed model, 35℃ in the 20% premixed model and 33.8℃ in the 
0% premixed model. 
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a) 

 
b) 

 
c) 

Fig 6. Temperature distribution in the XZ plane at 800 mm above the 
floor. a) 0%, b) 20%, c) 40% premix ratios 

Fig. 7 shows the temperature distributions in the centre of the room in the YZ plane. When 
the temperature distributions in the figure were examined, it was seen that the air was heated 
by the effect of the heat transfer occurring on the tube surface. As the premix ratio increased 
in the radiant heater, the temperature gradients spread from the radiant tube to the air and 
expanded towards the floor. 
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a) 

 
b) 

 
c) 

Fig 7. Temperature distributions in the centre of the room in the YZ 
plane. a) 0%, b) 20%, c) 40% premix ratios 

The three locations determined in the room and the temperature change graphs in the linear 
direction from the floor to the ceiling at these locations are shown in Fig. 8. Locations A and 
C were placed to the right and left of the radiant tube, and B was located in its centre. 
Location A and C are 300 mm from the side walls. Temperature measurements were made 
from the ground to a height of 1500 mm. When the graphs were examined, temperatures in 
the B location were much higher than in other locations. As the measurements approached 
the radiant tube at this location, the temperatures rose in an increasing form and reached 
approximately 110℃. On the other hand, in locations A and C, temperatures reached 
approximately 34℃. After a height of approximately 1300 mm in A and C positions, the 
temperatures began to decrease as the measuring points protruded from the reflection area 
of the reflector. When all models were compared, the temperatures in the room at 0% 
premixed conditions were lower than in other models. This situation was especially seen in 
positions A and C. 

 
a) 

 
b) 
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c) 

 
d) 

Fig 8. The temperature change graphs in the linear direction from the 
floor to the ceiling, a) A position, b) B position and c) C position, d) 

temperature measurement points; in graphs 0% (red colour), 20% (green 
colour), 40% (blue colour) premix ratios 

CONCLUSIONS 

In this paper, the effect of the fuel-air premix ratio in a radiant heater with thermal power of 
22 kW on the combustion in the radiant tube and the room temperature was investigated 
numerically. In this context, three different premix ratios, 0%, 20% and 40%, were 
considered within the scope of the paper. Calculations were carried out for three-dimensional 
conditions. P1 model was chosen as the radiation model, and Standard k-ε was chosen as the 
turbulence model. Results were evaluated in terms of temperature distributions occurring in 
different planes in the room, temperature distributions on the surface and inside of the radiant 
tube and mass fraction of methane. Besides, graphs of temperatures in the linear direction 
from floor to ceiling at three locations in the room were drawn, and these values were 
compared for the three premix ratios. 

When the results were evaluated; 
 With the effect of the reflector, temperature gradients expanded towards the floor. 

The temperature gradients in the 40% premixed model more expanded to the room. 
 Room temperatures were slightly higher in the 40% premixed model than with 20% 

or 0% premix. 
 Temperatures increased with increasing height from the floor in all models. The 

highest temperatures occurred in the centre of the room, and the temperatures 
decreased towards the edges. 

 In the model with a 40% premix ratio, the temperatures on the radiant tube surface 
were higher (by about 3%) than with 0% premix. 

 As the premix ratio increased, the flame length decreased (by about 15%), and the 
flame temperature increased (by about 1%). 

 As the premix ratio increased, the methane gas was consumed faster (by about 21%). 

Based on these results, it can be said that the increase in premix ratios had a slight 
improvement in the temperature distribution of the room. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

The power system is a complex and incredibly important engineering system. It carries the 
energy produced by various generating units and transmits it to end users, often over long 
distances. It supplies electricity to buildings, industrial sites, schools and homes. And it does 
this every day, all year round. The major function of an electric power system is to improve 
the system load requirements in the most economical way. A system’s ability to provide an 
adequate supply of electrical energy is usually designated by the term reliability. However, 
the concept of power system reliability is extremely broad and covers all aspects of the 
system's ability to satisfy consumer requirements [1]. The concept of reliability has many 
meanings and cannot be associated with one specific definition. A simple classification of 
power system reliability is shown in Figure l. It reflects the two main aspects of a power 
system: system adequacy and system security. These two terms are best described as follows. 

 
Fig. 1. Subsystem of power system reliability 

Adequacy is the ability of the system to provide consumer electricity and required power at 
any time. This includes facilities needed to produce sufficient energy as well as associated 
transmission and distribution facilities needed to transport the energy to the actual customer 
load points. Therefore, adequacy refers to static conditions that do not include system 
disturbances. System security refers to the ability to respond to disturbances occurring in the 
system. Therefore, system security means the response to any disturbance that appears in the 
system. This includes conditions related to local and widespread disturbances and loss of 
key generation and transmission facilities. Since our proposed technique is related to power 
system security, it will be discussed in more detail below. 
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The security of the electrical power system is assessed to determine whether the grid is 
sufficiently secure against potential contingencies. In general, system security assessment 
can be divided into two main classes, i.e. static and dynamic security. The former examines 
the response of the power system to a contingency at a steady state. The static safety study 
examines the value of overvoltage’s and/or under voltages at buses (nodes) and the overload 
condition of power lines and transformers. If in the event of a contingency, the voltage values 
of all bus bars are within a predetermined standard range and no line or transformer is 
overloaded, then the power network is statically safe. Further, analysis of power system 
safety can be applied through on-line and off-line conditions. The first package is used in 
the operational phase of the power system, and its results lead to preventive and corrective 
control policies, while the second package is used in the planning phase of the power system, 
which includes both - future operating modes and planning of the grid. The above-mentioned 
categorization is shown in Figure 2 for more detailed information on system security 
assessment reference [2]. 

 

Fig. 2. Categorization of power system security assessment problems [2]  

This paper introduces the assessment of the safety of an off-line power system using a 
combined approach. The objective of the method is to identify the list/set of power system 
elements whose outage will have the greatest impact on a power system. For a more precise 
description, a ranking of power lines and buses in normal operation is performed, with the 
aim of identifying the most affected power system elements. A similar approach is an N-1 
method, which disconnects one element of the system and monitors how the voltage of the 
power system changes at the bus and whether lines and transformers are overloaded. A 
ranking is performed according to the severity of the fault and using the performance index 
described in papers [3, 4]. In this case, the N-1 method is used only to verify our proposed 
method.  

The proposed method consists of a deterministic and probabilistic system evaluation. In the 
deterministic evaluation, the power grid is modelled using the AC power flow method since 
the chosen method is more accurate (although it is slower compared to DC). In a probabilistic 
or well-known analytical assessment, the same elements (power lines, transformers or 
generators) are assessed from a reliability point of view, i.e. the probabilities of their failure 
rates are calculated. In analytical assessment, reliable initial data is essential. Properly 
collected and processed data, which is translated into statistics, determine whether the 
probabilistic assessment of the system is accurate. The issue of data accuracy is presented in 
reference [5], where the authors from two different institutions (NERC and DOE) compare 
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data set events and write in a review, “We find evidence that these two datasets may not be 
accurate and complete. This places in question results of reliability analysis conducted with 
these data”. 

 
Fig. 3. Network topology of the IEEE RTS-79 system 

METHODS 

As mentioned above, the proposed approach consists of two parts: deterministic and 
probabilistic. To validate the proposed method, the frequently used IEEE RTS-79 scheme is 
chosen, which is shown in Figure 3. This scheme was chosen because it is often found in 
other scientific papers, and the results of the methods used can be compared. The IEEE RTS-
79 scheme consists of 33 power lines, 5 transformers and 24 nodes. The power grid has two 
voltage levels – 138 kV and 230 kV and 10 buses (with different numbers of units). 

Modelling. Input the initial data of the electricity network - load and generation on the buses 
and the parameters of the power lines (impedance), which depend on the length of the line 
and voltage level.  Ideally, during steady state operation, all 24 nodes of the simulated power 
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network shall be as close as possible to their nominal values, where the permissible voltage 
deviation/change is ± 10 % UN. The conductors shall not be overloaded, i.e. a permissible 
limit (MVA) is set. Power transformers, unlike power lines, can operate overloaded but for 
a limited period of time, so a correction factor will be introduced. Thus, the modelling of the 
static regime aims at ensuring that the permissible limits are not violated. The results 
obtained for the steady state, voltage at nodes and load on power lines and transformers are 
used in the proposed rating methodology. 

Rating. The power lines and transformers are ranked according to the transmitted power, 
and a list is compiled from highest to lowest, as shown in Table 1. 

Table 1. Ranking of elements by transmit power 

Element no. Power, MVA 
n max 
... … 
k min 

The same ranking is done on the basis of the ratio of the transmitted power flow to the 
permissible power capacity, where a load index is introduced. The element load index is 
calculated as follows: 

𝐸𝐿𝐼𝑖 =
𝐸𝐿𝑖

𝐸𝐿𝑖 𝑚𝑎𝑥∙𝑘
,    (1) 

𝐸𝐿𝑖 – Power flow of the i-th element; 𝐸𝐿𝑖 𝑚𝑎𝑥 – the rated power capacity of the i-th element; 
𝑘 – overload factor (used only for transformers). 

Table 2. Ranking of elements by 𝐸𝐿𝐼 index 

Element no. 𝐸𝐿𝐼, p.u. 
n max 
... … 
k min 

When the static, in this case hourly, operating mode is calculated, it is assumed that the 
transformer may be overloaded, but this depends on the previous and the current load and 
ambient temperature. The possible overload level is usually determined by knowing the 
mentioned parameters and using the curves in Fig. 4. 
In the diagram [6]:  
𝐾1 – Initial load as a proportion of rated power,  
𝐾2 – Permitted overload as a proportion of rated power (normally > 1),  
𝑡 – Duration of 𝐾2 in ℎ,  
𝛩𝑎  ambient temperature in °C. 
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Fig. 4. Air-cooled oil-immersed transformer overload diagram [6] 

It is assumed that the transformer can operate at 150% of its rated power for one hour. Node 
rating is a slightly more complex issue. It requires dedicated software, in this case, PSSE, 
which calculates the Thevenin impedance based on the grid data, which indicates the 
strength/weakness of the node with respect to the overall system. Based on the magnitude of 
the impedance, a ranking is performed as shown in the table. 3. The table also shows the 
elements connected to the nodes (lines or transformers). Generators are not evaluated in the 
simplified calculation. 

Table 3. Values of the Thevenin impedance 

Bus no. Thevenin 
Impedance Element no. Line no. 

n max n ... 
... … ... ... 
k min k ... 

From the first and second sets of ranked elements, we select 10% and 30% of the ranked 
elements from the third set. 

RESULTS 

Once the initial data (load and generation) are provided, the power flows in the simulated 
system are calculated. The simulated scheme has 38 elements (33 lines and 5 transformers). 
We only evaluate the 4 most power transmitting elements, which represent 10% of the 
ranked elements. 
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Table 4. Ranking of elements by transmit power 

Element no. Power Line no. Element no. Power Line no. 
16 617.1 110-211 30 149.3 217-218 
15 599.2 109-212 3 145.5 101-105 
23 475.1 214-216 34 142 219-220 
17 447.3 110-212 35 142 219-220 
28 343.3 216-217 12 127.3 108-109 
22 305.2 213-223 20 117.9 212-213 
18 294.9 211-213 5 109.4 102-106 
27 289.4 215-224 11 106.8 107-108 
7 283.8 103-224 32 76.7 218-221 
38 268.9 221-222 33 76.7 218-221 
25 248.9 215-221 8 61.1 104-109 
26 248.9 215-221 29 61 216-219 
21 238.4 212-223 9 59.8 105-110 
19 233 211-214 4 46.2 102-104 
14 224.5 109-211 2 39.1 101-103 
36 219.5 220-223 24 38.3 215-216 
37 219.5 220-223 1 37 101-102 
31 208.2 217-222 6 29.3 103-109 

The following ranking uses the element load index. Also, only 4 items are evaluated. 

Table 5. Ranking of elements by 𝐸𝐿𝐼 index 

Element no. Power Line no. Element no. Power Line no. 
16 1.0285 110-211 36 0.4390 220-223 
23 0.9502 214-216 37 0.4390 220-223 
10 0.9297 106-110 31 0.4164 217-222 
15 0.8877 109-212 14 0.3742 109-211 
3 0.8314 101-105 8 0.3491 10-109 
17 0.7455 110-212 9 0.3417 105-110 
12 0.7274 108-109 30 0.2986 217-218 
28 0.6866 216-217 34 0.2840 219-220 
5 0.6251 102-106 35 0.2840 219-220 
22 0.6104 213-223 4 0.2640 102-104 
11 0.6103 107-108 20 0.2358 212-213 
18 0.5898 211-213 2 0.2234 101-103 
27 0.5788 215-224 1 0.2114 101-102 
38 0.5378 221-222 6 0.1674 103-109 
7 0.5068 103-224 32 0.1534 218-221 
25 0.4978 215-221 33 0.1534 218-221 
26 0.4978 215-221 29 0.1220 216-219 
21 0.4768 212-223 13 0.0989 108-110 

Table 5 below shows the list of ranked nodes using Thevenin impedance. 
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Table 5. Ranking of elements by Thevenin impedance 

Bus 
no. 

Thevenin 
Impedance 

Element 
no. Line no. 

4 0.0700 4, 8 104-102, 104-109 
6 0.0601 5, 10 106-102, 106-110 
5 0.0568 3, 9 105-101, 105-110 

8 0.0516 11, 12, 13 108-107, 108-109, 
108-110 

3 0.0452 2, 6, 7 103-101, 103-109, 
103-224 

24 0.0402 7, 27 224-103, 224-215 
7 0.0387 11 107-108 
22 0.0236 31,38 222-217, 222-221 

2 0.0224 1,4,5 102-101, 102-104, 
102-106 

1 0.0221 ... ... 
10 0.0218 ... ... 
9 0.0217 ... ... 
19 0.0198 ... ... 
14 0.0198 ... ... 
12 0.0187 ... ... 
17 0.0178 ... ... 
11 0.0173 ... ... 
20 0.0166 ... ... 
18 0.0149 ... ... 
21 0.0146 ... ... 
15 0.0130 ... ... 
13 0.0118 ... ... 
16 0.0116 ... ... 

23 0.0107 22, 36, 37 223-213, 223-220, 
223-220 

Using the 3 lists above, 17 (red colour) items have been selected, which, if disconnected, are 
likely to cause issues with the operation of the electricity system. The N-1 technique is used 
to verify that these items are correctly identified. Table 6 shows the N-1 results. 

Table 6. Results of the simulated system after the N-1 technique 

Disconnected 
element 

Overloaded (vulnerable) 
element 

102-106 101-105, 106-110 
104-109 106-110 
106-110 102-106 
211-213 214-216 
212-223 214-216 
213-223 214-216 
215-224 103-109, 106-110, 214-216 
103-224 103-109,106-110, 214-216 
109-211 214-216 
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109-212 214-216 
110-211 101-105, 108-109 

It was found that the ranking of the nodes needs to be refined because, after the N-1 check, 
it was observed that disconnecting some of the power lines does not cause major problems 
for the system, even though they are on the ranked list. This is because the calculation of the 
Thevenin impedance does not take into account the current generation at the node, and 
therefore additional corrections are likely to be introduced in the future.  The target after the 
corrections is to select 10-20% of the nodes. 

CONCLUSIONS 

The result of the ranking process shows that the total number of elements screened is 17 out 
of 38, representing 44.7% of the total number. The N-1 technique is used for verification, 
where the simulated network operates in a severe mode where one element is disconnected. 
It shows that in 11 out of 38 modes, the element's bandwidth constraints are violated, and it 
is overloaded. This mode of operation is therefore undesirable, as it further overloads the 
system when the relay protection systems are triggered, which can lead to a system collapse. 
It was found that 7 of the 11 severe operational modes were identified using the item ranking 
methodology. 
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ABSTRACT  

The term electrical power quality refers to the quality of the electricity used. The 
power quality can be said to be good if the electricity is uninterrupted, does not 
cause damage to the devices, and does not cause a pause in production. With the 
development of technology, because of the increased use of non-linear circuit parts 
and a variety of different sorts of devices, energy power quality issues are becoming 
more prevalent. As a result of this, today, interest in electrical power quality and 
solving electrical power quality problems have started to increase. With the 
motivation from this issue, in order to solve power quality problems, it is necessary 
to determine what the problems are. When problems are identified and well known, 
it will be easier to find solutions to these problems. The main purpose of this study 
is to give information about the electrical power quality issue. In this study, the 
electrical power quality problems are explained together with the subjects and the 
DVR system used as a solution to the voltage sag problem is explained. In this 
study, firstly, the concept of power quality is explained in detail. It has been 
emphasized why power quality is important and how much damage it causes to the 
industry per year has been researched. It is explained why power quality 
deteriorates and which factors deteriorate power quality. The power quality 
problems in the literature have been researched and classified under various 
subheadings. The classification was made under seven main titles “transients, short 
term voltage changes, long term voltage changes, voltage fluctuations–flickers, 
voltage imbalance, voltage frequency variations and voltage distortions and other 
sub-titles”. All of these sub-headings are explained separately by giving graphical 
examples. Devices that are widely used in the industry have been researched to 
correct issues with power quality. The voltage sag problem is explained, and 
information is given about the reasons for this problem. Then, information is given 
about the DVR device used as a solution to the voltage sag problem. The features, 
circuit diagram, internal structure, circuit elements and the DVR system's 
functioning principles are described. In addition, the advantages and disadvantages 
of the DVR system are presented. 

Keywords: Electrical Power Quality, Power Quality Problems, Sag, Voltage Sag Solution, 
DVR.  
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INTRODUCTION 

The energy requirement has increased in parallel with the increasing technology. This need 
has led to increased interest towards renewable energy sources. 

Renewable energy has joined today's power system and thus is used for voltage regulation, 
vibration, harmonic distortion, stability, etc. technical difficulties have arisen. These issues 
should be limited according to IEC and IEEE standards. [1] 

The main purpose of this study is to reclassify the power quality problems in the literature, 
to give information about the tools that are the solution to the power quality problems and 
to introduce the DVR device. 

ELECTRICAL POWER QUALITY 

What Is Electrical Power Quality?  

Power quality is that at a determined end of the network, the Voltage maintains the nominal 
values of amplitude-frequency values, and the voltage waveform maintains the sinusoidal 
form. A power quality problem arises when voltage, current or frequency variations cause 
malfunction or poor operation of the consumer's equipment. In other words, the power 
quality problem can be defined as “variations in operating frequency, voltage, current and 
that cause user devices to fail or stop working altogether”.  

“Quality Level” is a term used to describe power quality. The Power Quality Level, 
depending on the electricity generation and usage, is known as ± 5% fluctuation of voltage 
in transmission and distribution. [2] 

Why Is Power Electrical Quality Important? 

Power quality has a significant economic impact that should not be forgotten. In a study 
conducted in European Union countries, it is estimated that the damage caused by power 
quality problems in industry and commercial areas is 10 Billion Euros per year. The 
expenditures made for the elimination of quality problems are approximately 5% of this 
number. [3] 

Why Does Power Quality Deteriorate? 

Power quality problems usually occur due to poor connection, leakage in cables, 
deterioration of electronic circuit elements, lightning strikes to the grid, and faulty 
grounding. 

However, the main causes of power quality problems are when very high current draw loads 
such as arc furnaces with high harmonic loads are connected to the grid. 

TERMS OF ELECTRICAL POWER QUALITY 

Transients – Components of The Transitional Regime: 

The phenomenon of transient voltage disturbances distorting the sinusoidal waveform of 
voltages is referred to as transients. Peak amplitude, rising time, and pulse duration are 
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commonly used to define it. In the old electrical grid, impulsive transients are usually caused 
by load switching, lightning, and other factors. [4] 

Instant Transients 

A sudden, non-power frequency changes when voltage, current, or both are constant. [5] The 
Transients are voltage fluctuations of very short duration (< 0.5 cycles). Switching events, 
lightning strikes, sudden discharge of induced current, arcs between contacts, etc., create an 
instantaneous transient. Depending on the magnitude and energy of the violence, they may 
cause damage to the device. [2] The instantaneous transient waveform is shown in Fig. 1. 

 

Fig. 1.  The instantaneous transient waveform 

Oscillating Transients 

They are high frequency and short duration fluctuations superimposed on a current or voltage 
wave. They occur during energizing of transformers, switching events or ferroresonance 
conditions. [2] The oscillating transient waveform is as in Fig. 2.  

 
Fig. 2.  The oscillating transient waveform 

Short Term Voltage Changes: 

Switching activities, malfunctions, and large power fluctuations in the system create short-
term variations, whereas power flow variations cause long-term variations in steady-state. 
[6]  

Three types of short-term voltage changes exist Sag, Swell, and Interruption.  

SAG 

Voltage sag is defined as a decrease in the rated voltage to a value between 10% and 90% of 
the effective value for a period of 10ms to 1 minute. [2] A malfunction in the system usually 
causes a voltage drop in the supply system. They can also be triggered by huge loads being 
started. [7] 
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The voltage sag waveform is seen in Fig. 3. 

 

Fig. 3.  The voltage sag waveform 

SWELL 

The opposite of voltage sag is voltage swell. The RMS voltage level is increased from 110 
percent to 180 percent of the nominal rate, which is known as voltage swell. The RMS 
magnitude and also duration level will be used to define it. Normally, voltage swell is linked 
to system faults. [8] The swell waveform is as in Fig. 4. 

 

Fig. 4.  The swell waveform 

INTERRUPTION 

Interruptions in the electrical supply can last anywhere from a few milliseconds too many 
seconds. Insulation failure, lightning, and insulator flashover are the most common causes 
of these interruptions [7]. 

LONG-TERM VOLTAGE CHANGES: 

These are power outages that last longer than one minute. Problems caused by system faults 
that are not caused by changes in the load on the system are over voltage and low voltage 
[9]. 

PERMANENT INTERRUPTIONS 

An interruption is a complete loss of voltage, generally taking from a few cycles to several 
hours to terminate. A momentary interruption is one that lasts between 0.5 and 150 cycles. 
Short interruptions are defined as disruptions lasting 3 seconds to 1 minute [10]. 
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LOW VOLTAGE 

It is the situation where the voltage in the AC system is less than 90% of its value for more 
than 1 minute. It occurs in situations such as failure of a capacity bank or overloading of the 
grid [2].  

The Voltage drop waveform is as in Fig. 5. 

 

Fig. 5.  Voltage drop waveform 

OVERVOLTAGE 

Voltage surges are sudden increases in voltage that last for a long time. When the RMS value 
of the voltage is at or above 1.1 p.u., the disturbance is categorized as over voltage. Lightning 
strikes and circuit switching can create overvoltage. [11-12] Over voltage waveform is as 
seen in Fig. 6. 

 

Fig. 6.  Over voltage waveform 

VOLTAGE FLUCTUATIONS – FLICKERS 

Flicker is a visual fluctuation induced by rapid changes in electrical amplitude. Flicker has 
been linked to non-linear electronic circuits, particularly modern power electronic 
converters. [13] The voltage fluctuation (Flicker) waveform is as in Fig. 7. 

 

 



194 
 

Fig. 7.  Voltage fluctuation (Flicker) waveform 

VOLTAGE IMBALANCE 

The asymmetry of the three-phase load is the primary source of three-phase voltage 
imbalance in the typical three-phase three-wire distribution network. Too many single-phase 
load unbalances cause voltage unbalance in Three-phase, four-wire distribution network. 
[14] 

VOLTAGE FREQUENCY VARIATIONS 

Electric networks normally operate with 50 or 60 Hz. It is undesirable for the mains voltage 
to fluctuate. Frequency fluctuations shall not exceed +4%/6% of the nominal frequency, 
according to "EN 50160," a European Union standard [15]. 

VOLTAGE DISTORTIONS: 

Waveform distortion is the continuous deviation of the wave from an ideal sine waveform. 
There are five main forms of waveform distortions: DC Offset, Notches, Noise, and 
Harmonics [2]. 

DC OFFSET 

The presence of a DC current or voltage within an AC power system is defined as DC offset. 
This may occur due to the effect of half-wave rectifiers. Direct current found in alternating 
current networks can have a detrimental effect on transformer cores. This causes additional 
heating and reduced transformer life [3]. 

NOTCHES 

In one full wave of the mains voltage (during 20 ms), the collapses are repeated as the 
number of rectifier pulses are called notches. It is generally formed by the delay of the switch 
transfer of the transformer and line inductances feeding the rectifiers [3]. The notch 
waveform is as in Fig. 8. 

 

Fig. 8.  Notch waveform 

NOISE 

Noise is defined as undesired electrical signals with a broadband spectral content of less than 
200 kHz added to the current or voltage in the phase conductors or present in the neutral 
conductors. Noise in the power system can be generated by power supplies (switched), 
circuits used for control, devices used in power electronics and solid state AC-DC 
converters. Problems with noise become even greater with improper grounding. Noise 
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creates confusion in programmable controllers and microcircuits. Isolation transformers, 
noise filters and line regulators can help to mitigate this issue [3]. Noise in a linear signal is 
shown in Fig. 9 below. 

 

Fig. 9.  Noise in a linear signal 

HARMONICS 

In alternating current power systems, it is desirable that the mains voltage and the current 
user from the mains be sinusoidal in ideal conditions. However, although the applied voltage 
is sinusoidal, the current of loads such as power electronics, arc furnaces, and discharge 
lamps is not sinusoidal. The fact that the current is not sinusoidal can also affect the 
waveform of the grid voltage. In this case, distortions in the voltage waveform begin [3]. 
Pure Sine Wave and Harmonic distortion waveforms as in Fig. 10.  

 

Fig. 10.  Sine waveform (Left), Sine waveform after harmonic distortion 
(Right) 

SOLUTIONS FOR PROBLEMS WITH POWER QUALITY 

When current and voltage waveforms deviate from their intended look, power quality issues 
exist [16].  

To ensure electrical power quality, it is necessary to eliminate issues with power quality. 
Static VAR Compensator (SVC), Active Power Filters (APF), Unified Power Quality 
Conditioner (UPQC), Dynamic Voltage Restorer (DVR), Magnetically Controlled Reactor 
(MCR) and Static Compensator (STATCOM) are all several solutions for quality problems. 

SOLUTION TO VOLTAGE SAG PROBLEMS 

Special power devices for power electronics have been developed to solve voltage drop 
problems in electrical distribution systems and end-user loads. One of these devices is the 
DVR (Dynamic Voltage Restorer). 

DYNAMIC VOLTAGE RESTORER (DVR)  

Dynamic Voltage Restorers are used for the Voltage Sag problem. They are not effective 
and cannot be used for other power quality problems. It has low losses, and DVR Injects 
only the missing part of the supply voltage, it is a cost-effective solution. It is difficult to 
protect and cannot compensate for interruptions [17].  
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It can be seen in Figure 11 below that the DVR device is between the mains and the loads 
and is a series connected with a transformer. The power circuit of the DVR basically consists 
of a voltage source inverter (VSI) and a direct current (DC) energy source. During voltage 
drops in the power system, the DVR measures the voltage needed to maintain a steady 
voltage of the load and generates it using the DC energy source and the inverter. The 
transformer and inverter voltage is delivered to the electrical power system, and the output 
voltage is maintained constant. In this way, the load is prevented from being affected by 
voltage drops. In summary, to decrease the effects of voltage fluctuations in sensitive loads, 
the DVR sends controlled energy to the grid in series. [16] The parts of the DVR Device are 
as follows:  

a) Injection transformer: It is used in most DVR systems to offer galvanic 
isolation and to make converter topology and protection devices simpler. 

b) Equipment for by-pass: A bypass path is used for the load current when 
overloads, during faults and during maintenance.  

c) Converter: A Voltage Source Converter (VSC) is most commonly used. 
Pulse width modulation is used in this section to convert DC energy to 
AC. 

d) Equipment for disconnecting: During maintenance and repair, it is 
utilized to totally separate the DVR device from the mains. 

e) Energy storage and DC-link Connection: The VSC produce an AC 
voltage to the output of the device using a DC-link voltage. Active power 
injection is required for maintaining supply voltages in most of the 
voltage dips. 

f) Line-filter: To eliminate the switching harmonics caused by the PWM - 
VSC, a line-filter is added [17]. 

 

Fig. 11.  The conventional DVR structure. DVR's Basic Components: 
Injection Transformer, Output Filter, Inverter, Energy Storage Unit. 

CONCLUSIONS 

Humans have always had energy requirements. Electrical energy can't be stored cheaply, 
and its 'quality' can't be guaranteed while it's being used. The increased demand for electrical 
energy has revealed a new definition of "more reliable and better quality energy." Electrical 
energy, like all other industries, places a premium on comprehensive quality. 'Energy 
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Quality Problems' must be resolved in order to ensure the most efficient use of energy and 
system capacity. Problems that contribute to low quality should be addressed at the source.  

Transients, Short Term Voltage Changes, Long Term Voltage Changes, Voltage 
Fluctuations–Flickers, Voltage Imbalance, Voltage Frequency Variations and Voltage 
Distortions are the main Power Quality issues in the literature. Classifying and researching 
these issues in detail is important for the quality of energy. 

As a result, if it is desired to ensure electrical power quality, power quality problems should 
be learned well, precautions should be taken for problems, and immediate action should be 
taken when the problem occurs.  
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Lithium-ion batteries (LIBs) have become the standard for electrochemical energy storage 
in various applications because of their many desirable qualities, including high energy 
density, high power density, and long cycle life [1]. 

According to statistics provided by Grand View Research, Inc. [2], the global lithium-ion 
battery market size was valued at USD 53.6 billion in 2020 and is expected to grow at a 
compound annual growth rate (CAGR) of 19.0 % from 2020 to 2028. The growth of the 
market is especially attributed to the growing demand for lithium-ion batteries in electric 
vehicles. 

A Battery Management System (BMS) is essential in LIBs. This device manages a real-time 
control of each battery cell, communicates with external devices, and calculates the State of 
Charge (SOC) and State of Health (SOH) using measurements of temperature and voltage, 
etc. It is the brain of the battery and plays a critical role in its levels of safety, performance, 
charge rates, and longevity. Key features of the battery management system are shown in 
Fig. 1. 
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Fig. 1. Key features of the battery management system 

The research aims to develop a model for analysis of battery longevity and reliability data, 
as well as technology for intelligent diagnostics and prediction of battery status. To achieve 
this goal, different methods and models need to be considered that could be implemented in 
a real system in the future. One of such models, for SOH estimation, is introduced in this 
paper. 

METHODS 

One of the most important steps for a BMS is battery model selection. BMS, based on the 
Equivalent Circuit Model (ECM), is very widely used in industry due to the simplicity of the 
model, the possibility to estimate the complexity of the calculations, and the easy 
parameterization process [3]. But to achieve more efficient BMS, the more advanced battery 
diagnostic algorithms and electrochemical models are becoming increasingly popular. In the 
scientific literature, the most common electrochemical models are P2D, SP, SP+, or SEC. It 
should be noted that for BMS development based on an electrochemical model, the 
identification and fitting of parameters under different operating conditions must be 
performed, as the accuracy of the model output depends on it [3]. 

Another step for a BMS is to assess the internal state of the battery. The most popular states 
are SOC and SOH. Various mathematical methods are used to evaluate these parameters. 
Common estimation approaches include 1) filtering-based methods, for example, Kalman 
filters or particle filters and their modifications, and 2) data-driven methods, such as various 
neural networks, genetic algorithms, or support vector machines [4]. It is worth mentioning 
that data-driven methods exclusively rely on experimental or operational data and often do 
not require specific knowledge of the battery operation process, require the collection of 
large amounts of data [5], and are distinguished by a high degree of accuracy [6]. As a good 
representor of data-driven methods, in this research, a Feedforward Neural Network (FNN) 
was mainly considered to estimate the SOH of the battery. Some other popular intelligent 
methods, including FNN, are presented in ref. [7-9].  

The determination of SOH and lifetime estimation is critical for several reasons. First, it 
monitors critical battery failures, which is especially important due to safety issues with 
LIBs. Second, it allows optimized battery usage and maintenance to maximize efficiency 
and return on investment. Third, it is necessary to accurately estimate the SOC and 
degradation process or Remaining Useful Lifetime (RUL). SOH can be expressed as [4]: 

𝑆𝑂𝐻 =
𝐶𝑎

𝐶𝑟𝑎𝑡𝑒𝑑
× 100%, (1) 

where 𝐶𝑎 and 𝐶𝑟𝑎𝑡𝑒𝑑 Are the actual and rated capacity, respectively.  

The estimation of battery SOH and RUL depends on many aspects, from the choice of the 
battery model to the exploitation conditions of a working battery, thus, their estimation and 
application of BMS are quite challenging. However, they are going to be implemented in 
one of the Lithuanian companies. 

RESULTS 

To assess the overall performance of SOH evaluation, a data set consisting of four lithium-
ion batteries from the NASA data set [10], with current, voltage, and temperature parameters 
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were used in this work. A couple of SOH predictions for one selected battery are shown in 
Fig. 2.  

 

Fig. 2. SOH predictions for the single battery 

As it can be observed from Fig. 2, the largest deviation is seen in the 85th cycle when both 
FNN cases had difficulties predicting such a large jump. Small deviations are also seen in 
cycles 50 and 105. However, the estimations are quite accurate compared to the actual 
values. 

CONCLUSIONS 

The lifetime of batteries depends on many aspects, from the choice of the battery model to 
the exploitation conditions of a working battery, thus, the estimation and application of BMS 
are quite challenging, even if it is based on data-driven methods and there is no issue of 
calculation accuracy. 

The performed analysis showed that the evaluation of internal states is one of the essential 
factors ensuring the effectiveness of BMS. Although the analysis was performed with 
laboratory data set, this is useful for further research development and for practical and real 
application of BMS. 
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I.4. Smart energy systems 
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EXTENDED ABSTRACT 
 
 

INTRODUCTION 

The development of the Smart Grid is inevitable without various monitoring systems. One 
of them is Power Quality (PQ) monitoring – the newly emerging field which has been 
attracting more and more attention since the last few years. Low PQ may cause serious 
damage to both sensitive loads and grid equipment, decrease power supply reliability, and 
increase outage time which inevitably leads to huge economic losses. Measurements are 
essential for situation assessment; however, PQ monitors installation is currently associated 
with high investments and operational costs. Ideally, PQ monitors must be installed at each 
busbar. Since resources are limited, monitoring of whole power system nodes is hardly 
implemented. Thus, the grid nodes selection strategy should be determined in order to 
achieve maximal (desired) observability with a limited number of analysers. 

In general, node prioritization strategy depends on the desired aim and can be classified into 
two large groups regarding focus on either customer or electric power grid. The main aim of 
the paper is to review world experience in nodes selection strategy for PQ monitoring. Some 
examples of nodes selection options are given below: 
1. Focus on customers – mostly low voltage grid monitoring: 
 Industrial customers complaints: point of common coupling (PCC) monitoring 
or any in-plant grid point monitoring, if required); 
 Industrial, commercial and residential customers installed power ratio; 
 Type of loads: for example, priority to large electric motors, critical loads 
(sensitive to voltage sags); 
 Random selection of PCC or other points for short-duration measurements with 
portable PQ monitors; 
 Yearly energy consumption; 
 Critical (problematic) nodes, which are a priori known by DSO. 
2. Focus on electric power grid – mostly high and medium voltage grid monitoring: 
 Most critical substations, their technical conditions, for example, availability of 
communications for remote monitoring; 
 Connection points of power plants or PQ mitigation devices (capacitor banks, 
surge arresters); 
 Penetration of distributed generation, renewable energy sources; 
 Line length, presence of HVDC lines. 
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In addition, the type of monitoring must be considered. Firstly, measurements can be made 
with either fixed or portable PQ monitors or Smart Meters. Each option has its own features, 
such as registered PQ events, sampling frequency, accuracy and cost. Secondly, monitoring 
can be either remote or non-remote. In the case of remote monitoring, solving 
communication issues is required, but many advantages exist, such as diminished resources 
(time, human, transport) for data gathering, the easier process of data, detect data loss. 

LITERATURE REVIEW 

Many studies are carried out to investigate how to optimize PQ monitor allocation. In [1] 
(2005), Belgian DSOs PQ monitoring campaigns, carried out since the 90s, are described: 
fixed PQ monitors were installed at HV/MV injection substations (starting with the most 
critical substations). 427 monitors were installed at 218 substations. At the MV level, phase-
to-phase voltages were measured, excluding some areas with many overhead lines where 
phase-to-ground monitoring was performed (for protection systems functioning 
investigation). In addition, temporary measurements with 64 mobile monitors were 
performed in order to evaluate the validity of customer complaints, issue advice, or 
investigate the disturbing effects of some LV load types. 

In [2], a PQ monitoring campaign was initiated in 2005 by the Italian Regulatory Authority 
for Electricity and Gas in order to investigate the present performance of the MV network in 
terms of PQ: 600 instruments have been installed during 3 years at 400 MV busbars (covered 
11 % of MV network) in HV/MV substations. The main selection criteria were: line length 
and type, number of MV customers, LV customer’s density (customers/km2), and neutral 
mode. In addition, 200 MV nodes were freely selected by customers (73 installations) and 
DSOs (127 installations). 

In [3], state-of-the-art of PQ monitors allocation before 2013 is briefly summarized. At EHV 
and HV level, monitoring of all EHV/HV, EHV/MV, and HV/MV substations, connection 
points of all EHV and HV customers and power stations was considered a good practice. At 
the MV level, it is recommended to monitor all EHV/MV, HV/MV and selected MV/LV 
substations and connection points of MV customers. At the LV level, random monitoring of 
LV PCC with fixed and portable monitors (and possibly with Smart Meters in the future) 
was considered a good practice. 

[4] Presents a novel algorithm for optimal PQ monitor placement in both transmission and 
distribution systems. In the algorithm, two parameters are used to obtain an optimal solution: 
topological monitor reach area and coverage control parameter. Monitor reach area 
determination is based on residual voltage matrix (obtained from the most severe short-
circuits simulation) comparison with coverage control parameter (defined threshold). Both 
the IEEE 34-node distribution system and IEEE 30-node transmission system have been 
used for algorithm validation; however, any examples of application in practice were not 
presented. The approach is limited: the most severe short-circuit – three-phase short-circuit 
– occurs rarely (less than 20 % of all short-circuit events). TSO and DSO are also aiming at 
single-phase short-circuits (the most frequent event) detection. In addition, the strategy 
requires a large number of short-circuit simulations (in order to determine monitor 
coverage), which would be hard to implement in reality in the case of a large power system. 
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Table 1. Reviewed papers summary 

Referen
ce 

(year) 
PQ monitors allocation criterion Application in 

practice 
Theoretical 
validation 

[1] 
(2005) 

Fixed monitors – at critical HV/MV 
substations; portable monitors – regarding 
customer complaints and consultation, and 

for specific load investigation 

Monitoring 
campaign in 
Belgian grid 
since the late 

90s 

– 

[2] 
(2009) 

400 MV busbars in HV/MV substations 
regarding the total length of lines, line type, 

neutral mode, the quantity of customers; 
200 freely selected MV nodes 

Monitoring 
campaign in 
Italian grid 
2005–2009 

– 

[3] 
(2013) 

Power stations, all EHV/HV, EHV/MV, 
HV/MV and selected MV/LV substations, 

all HV and MV PCC, random LV PCC 
No. State-of-the-art review 

[4] 
(2012) 

Most severe short-circuit observability 
(coverage) is defined by residual voltage 

threshold 
No 

IEEE 34-node 
and IEEE 30-

node tests 
… … … … 
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ABSTRACT  

This study proposes a novel switched capacitor-based quasi Z-source DC-DC 
converter (SwC_QzC) topology for battery charging applications. Batteries are 
charged according to a charging protocol, including constant voltage (CV) and 
constant current (CC) charging algorithms in order to expand the battery lifetime. 
The charging algorithms operate considering the instantaneous voltage of the 
battery. On the other hand, battery current ripple is crucial due to its influence on 
battery life span, and it is desired to be low for as long as possible. In this study, a 
novel high voltage gain DC-DC converter topology that is equipped with CC/CV 
charging algorithms has been conducted. The proposed system stands out with 
reduced current ripple, high voltage gain, and high-efficiency performances. In 
order to evaluate and test the performance of the proposed system, a 2 kW proof-
of-concept model has been conducted in MATLAB/Simulink environment. The 
system is designed with 48-V input and 132-V output in order to charge the 30-Ah 
132-V battery. The performance of the proposed topology has been validated with 
CC/CV charging operations. In addition, the duty cycle/voltage gain/efficiency and 
battery current ripple performance of the proposed topology have been investigated. 
Consequently, the battery charging performance results of the proposed topology 
shows that the proposed topology and the control scheme operate successfully with 
high-efficiency values under CC / CV charging modes. 

Keywords: Switched capacitor, quasi z-source DC-DC converter, Battery charging, constant 
current, constant voltage, charging algorithm  
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INTRODUCTION 

In the last decade, the interest in Renewable Energy Sources (RES) has increased with the 
severe impact of climate change, and a lot of RES has been connected to the grid. However, 
control of supply-demand balance has become a challenge with increasing RES because of 
their intermittent nature. Therefore, energy storage systems such as; batteries, 
supercapacitors and superconducting magnetic energy storage have prevalently started to 
integrate in order to provide supply-demand balance. Batteries had high energy density step 
forth with the developing technology inside these energy storage systems. On the other hand, 
batteries are attracting a growing interest with the widespread use of electric vehicles (EVs) 
and distributed generations (DGs) [1]. They are performing as a buffer in DG applications 
in order to mitigate the adverse effect of the intermittent nature of RESs [2]. In addition, they 
are performing as primary energy units in EV applications to provide propulsion for EVs. 
For this reason, several studies are carried out on DC-DC converter topologies such as; dual 
active bridge [3], SEPIC converter [4], high step-up converter [5], non-isolated three-port 
converter [6], T-type isolated multi-port converter [7] and asymmetrical hybrid multilevel 
converter [8], used in battery current/voltage regulation [9]. Also, quasi z-source converter 
topology is commonly used in many applications thanks to simple control, low component 
and high voltage gain [10]. In the study [11], analysis and equivalent circuits of the quasi-z-
source converter have been presented. Also, there is a lot of switched capacitor circuit in the 
literature. In the study [12], a performance comparison of a quasi-z-source converter with 
and without switched capacitors has been given. In another study [13], an extended quasi-z-
source topology with switched capacitor and inductor was presented. In addition to DC-DC 
converter topologies, control methods of DC-DC converters are crucial for affecting battery 
health and lifespan. Batteries are frequently charged with CC/CV charging algorithms to 
expand the lifetime of battery [14].  

The aims of the study are to derive an effective high-gain DC-DC converter topology for 
battery charging applications and to evaluate the performance under CC/CV charging 
operations. The proposed topology, which is abbreviated as SwC_QzC, is composed of quasi 
z-source converter topology, switched capacitor circuit, and an LC filter. The SwC_QzC 
topology excels with high energy efficiency, high voltage gain, and a simple control structure 
with a single switch. In order to demonstrate the performance results of the SwC_QzC in 
terms of battery charging application, a simulation including a 2 kW, 48-V input, 132-V 
output SwC_QzC model and 30-Ah 132-V battery has been developed in 
MATLAB/Simulink environment. The performance results of the system show that the 
SwC_QzC properly performs the charging algorithms under steady-state conditions as well 
as performs transition between algorithms under transient conditions.  

POWER CIRCUIT AND CONTROL SCHEME 

In this study, a switched capacitor circuit has been integrated into a quasi-z-source boost 
converter. The proposed converter topology, which is abbreviated as SwC_QzC, is 
illustrated in Fig. 1. The SwC_QzC topology has been designed to achieve high voltage gain 
and low output current ripple with a simple control structure and a high-efficiency value. 
The proposed converter consists of a quasi-z-source circuit, a switched capacitor, and an 
output filter, including capacitor (C) and inductor (L).  
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Fig. 1. SwC_QzC Topology  

The SwC_QzC integrates the quasi-Z-source and switched capacitor circuits with a common 
switch which has the capability to regulate the power flow as well as adjust the voltage gain. 
Since the charging current ripple of the battery is the key issue in regard to extending the 
battery lifetime, the SwC_QzC topology is equipped with an LC filter to reduce the battery 
current ripple. In the prosed model, IGBT is used as a switch with a Ron=1 mΩ. Parameters 
of the quasi z-source circuit are L1=1 mH, L2=1 mH, C1=100 μF, C2=100 μF, and parameters 
of switched capacitor circuit are CS1=100 μF, CS2=100 μF. All diodes in the model have 
parameters: Ron=1 mΩ and forward voltage Vf=0.8 V. Finally, output filter parameters are 
determined as Lf=1 mH and Cf=200 μF. 

 

Fig. 2. Voltage Gain and Efficiency Curve of SwC_QzC 

The characteristics of SwC_QzC topology are examined, and the voltage gain/efficiency 
curve according to the duty cycle has been illustrated in Fig. 2. As understood from Fig. 2, 
the proposed topology provides high voltage gain values up to 30 and high-efficiency values 
up to 95%. However, the efficiency of SwC_QzC is dramatically decreased in the high duty 
cycle as expected. 
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Fig. 3. Control Scheme of Proposed System 

The SwC_QzC has been designed as a battery charger that is able to operate in two states: 
CC and CV. The control of the overall system is carried out using two individual PI 
controllers, adapted to CC and CV control. The controllers adaptively switch between each 
other and adjust the duty cycle of the S1 switch. The control scheme of the proposed system 
has been illustrated in Fig. 3. As seen from Fig. 3, the charging mode is selected considering 
the threshold voltage (Vth) value determined according to the characteristic voltage value of 
the battery. Following the determination of charging mode, the measured feedback values 
(Ibat and Vbat) and reference values (Ibat_ref and Vbat_ref) are compared to compute the error 
values. The computed error values are applied to the PI controllers in order to generate duty 
cycle values.   

PERFORMANCE RESULTS 

In order to test and evaluate the performance of the proposed converter, a simulation system 
including a DC source, the SwC_QzC, and the battery has been modelled in 
MATLAB/Simulink environment. The parameters of the simulation model are summarized 
in Table 1. The CC/CV charging performance validation has been conducted under two 
steady-state and transient conditions, including the switching of CC to CV control.  

Table 1. Parameters of the Designed Model  

Parameters Value 
Input Voltage 48 V 

Nominal Battery Voltage 120 V 
Battery Capacity 30 Ah 

Switching Frequency 5 kHz 
Constant Charging Current Value 15 A 
Constant Charging Voltage Value 132 V 

The simulation results show the steady-state conditions, in which the time interval of 0.5-
1.3 s corresponds to CC charging and the time interval of 1.3-2.3 s corresponds to CV 
charging, and a transient condition represents the switching of CC to CV charging algorithm. 
As illustrated in Fig. 4, the battery is charging with a constant 15 and a power rating of 2 kW 
during the first time interval. The state of charge waveform of the battery validates the 
charging condition with a gradually increasing curve. The battery is charged with a constant 
current up to the threshold voltage value. Following reaching the threshold voltage value, 
the charging algorithm switches to CV from CC at the transient condition. During the second 
time interval, the battery is charged with a constant voltage value (~132 V). However, the 
charging current of the battery is in exponentially decaying form (decrease to 15 A from 
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0.7 A) because the battery voltage approaches the fully charged voltage value. In parallel 
with the decaying charging current, the charge power decreased to ~100 W from 2 kW. The 
state of charge waveform of the battery validates the charging condition with a gradually 
increasing curve with a lower slope in comparison with the first time interval.  

 

Fig. 4. Performance waveforms of SwC_QzC  

CONCLUSIONS 

In this paper, switched capacitor-based quasi-z-source converter topology is proposed. 
SwC_QzC is designed as a battery charger in order to provide the desired feature in battery 
charging applications. Characteristics features of the proposed topology, such as voltage gain 
and efficiency, are presented in this study. The outstanding features of the SwC_QzC are; 
(i) simple control with a single switch, (ii) achieving high voltage gain, (iii) reduced battery 
current ripple, and (iv) performing battery charging algorithms. The performance validation 
of the SwC_QzC is evaluated with a MATLAB/Simulink simulation model under CC and 
CV modes. Performance results illustrate that the proposed converter topology reaches up to 
95 % efficiency and 30 gain values as well as performs CC-CV charging functionalities with 
high efficiency during operations. 
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EXTENDED ABSTRACT 
 
 

Due to the development of technology and the increase in the living population, energy 
consumption has increased. The increase in energy consumption has led to a decrease in our 
resources and damage to nature. For these reasons, scientists have tried to turn to less harmful 
and renewable energy sources and find ways to produce healthier energy. Triboelectric Nano 
generators are energy generation devices that convert mechanical energy into electricity 
through a combination of the triboelectric effect and electrostatic induction. Triboelectric 
Nano generators (TENGs) show superior performance with power density and conversion 
efficiency. In addition to its advantages, such as flexible design and lightness, it meets the 
requirements thanks to its various material selectivity. Due to its low density, high power 
density, wide material variety, efficiency at low frequencies, and cheapness, it is widely used 
in self-running systems in material selectivity [1-5]. The wood material is a building material 
that is biodegradable, environmentally friendly, renewable, abundant and preferred due to 
its affordable cost. Lignocellulosic materials, which are flexible as a result of chemical 
processes, can be easily converted into micro or nanomaterials. Due to its porous structure 
and unique feature, it paves the way for the use of materials produced from wood in 
triboelectric Nano generators. It is predicted that the use of wood material as TENG material 
will also prevent environmental impact [6-10]. It is seen in some studies that a new 
generation of wood-based triboelectric Nano generator (W-TENGs) has been designed, and 
it has been revealed that the Nano generator acts with the effect of friction force in the 
experiments [11-12]. This study is a summary of current studies of W-TENGs designed with 
wood and wood-derived materials. This review it is aimed to contribute to the literature 
knowledge required for the use of TENGs in different fields in the future, in addition to the 
production, development and design of new TENGs with renewable, environmentally 
friendly, inexpensive and excellent properties by using wood and wood-derived materials in 
TENGs. As a result, W-TENG-based self-powered systems will have potential applications 
in big data analytics, smart home and smart city environments, which will open up new 
opportunities for wood-based electronics. 
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OVERVIEW 

Corporate social responsibility (CSR) has gained a reputation recently, and energy sector 
companies started to recognize responsibility for society and the environment, investors and 
stakeholders. CSR in the energy sector is the main business initiative helping to deal with 
major risks and challenges [1]. Stakeholders are more frequently demanding information 
from companies about their economic, environmental and social performance. CSR reports 
of energy utilities can't provide an assessment of the true impact of energy utilities on the 
sustainable energy development of the country. Assessment of CSR performance of energy 
companies requires more deep investigations and application of advanced tools. There is a 
wide array of rating agencies focusing on CSR, but there is a gap in the context of the energy 
industry. The aim of this paper is to analyse the main initiatives of the global system in order 
to categorize the dimensions of corporate social responsibility in the energy sector. 

METHODS 

A systematic literature review (SLR) assesses the existing knowledge and gaps on specific 
issues, which will further develop the knowledge base. SLR helps to collect all related 
publications and documents that fit our pre-defined inclusion criteria to answer a specific 
research question [2]. The SLR was carried out based on the integration of the Search, 
Appraisal, and Synthesis and Analysis (SALSA) framework. The SALSA methodology is 
singled out in the scientific literature as one of the most appropriate tools for identifying, 
evaluating and systematizing scientific and practical studies [3]. The Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement guarantees the 
precision and completeness of the analysis.  

RESULTS 

CSR indicators could be available from different sources. As an example, international 
organizations such as the United Nations disclose indicators related to CSR at the country 
level. CSR analyst organizations quantify firms’ CSR efforts [4]. Some authors [5] 
distinguished four types of organizations that analyse CSR: rating agencies, information 
providers, rankings and sustainability indices. Rating agencies are the link between 
stakeholders and companies [6]. They study businesses and make evaluations in social, 
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environmental and corporate governance terms—using their own research methodologies. 
The main rating organizations related to CSR rating for the energy sector are provided in 
Table 1. 

Table 1: The main organizations or initiatives for CSR rating 

Initiative Description 

U.N. Global 
Compact 

The U.N. Global Compact is a principle-based framework for 
businesses, stating ten principles in the areas of human rights, 
labour, the environment and anti-corruption. 

Global 
Reporting 
Initiative 
(GRI) 

The Global Reporting Initiative (GRI) enables all companies and 
organizations to report their economic, environmental, social and 
Governance performance. 

World's Most 
Ethical 
Companies 

This rating is based on a principle-based framework for 
businesses, stating ten principles in the areas of Governance, 
Leadership and reputation; Culture of ethics; Ethics and 
compliance program; Environmental and social impact. 

Global 100 
Most 
Sustainable 
Corporations 

The aim of the Global 100 is to reinforce, raise awareness and 
showcase world leaders in corporate sustainability, including 
those that have been able to balance environmental performance, 
social performance and economic performance while delivering 
superior returns to investors. 

OHSAS 18001 
Occupational Health and Safety Assessment Series (OHSAS) is 
an international standard for occupational health and safety 
management systems. 

Social 
Accountability 
- SA 8000 

Auditable certification standard that encourages organizations to 
develop, maintain, and apply socially acceptable practices in the 
workplace. It measures eight areas important to social 
accountability: child labour, forced labour, health and safety, free 
association and collective bargaining, discrimination, disciplinary 
practices, working hours and compensation. 

KPMG Survey 
of 
Sustainability 
Reporting 

The survey provides a detailed look at global trends in 
sustainability reporting. Survey reporting on the risks of 
biodiversity loss, climate-related risk and carbon reduction  

GHG Protocol 

GHG Protocol supplies the world's most widely used greenhouse 
gas accounting standards. The standard covers the accounting and 
reporting of seven greenhouse gases covered by the Kyoto 
Protocol – carbon dioxide (CO2), methane (CH4), nitrous oxide 
(N2O) and etc. 

Carbon 
Disclosure 
Project (CDP) 

Carbon Disclosure Project helps companies and cities disclose 
their environmental impact. It aims to make environmental 
reporting and risk management a business norm, driving 
disclosure, insight, and action towards a sustainable economy. 

Dow Jones 
Sustainability 
Index 

The Dow Jones Sustainability Indices (DJSI) evaluates the 
sustainability performance of companies. The DJSI is based on an 
analysis of corporate economic, environmental and social 
performance, assessing issues such as corporate Governance, risk 
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management, branding, climate change mitigation, supply chain 
standards and labour practices.  

FTSE4good 
Index 

The FTSE4Good Index is a series of ethical investment stock 
market indices and rates companies for inclusion-based 
environmental sustainability, relationships with stakeholders, 
attitudes to human rights, supply chain labour standards and the 
countering of bribery. 

ECPI Global 
ESG Alpha 
Equity Index 

The index is a broad benchmark representative of developed 
market companies that satisfy ECPI ESG criteria. The ECPI ESG 
Rating Methodology is a rule-based process focusing on a 
company's Environmental, Social and Governance performance. 

MSCI World 
ESG Index 

The MSCI World ESG Leaders Index is a capitalization-weighted 
index that provides exposure to companies with high 
Environmental, Social and Governance (ESG) performance 
relative to their sector peers. 

Rating agencies construct their own CSR ratings, which are often used as aggregated 
multidimensional measures of CSR or CSP [7]. There are no set uniform standards for all 
applicants for the energy sector. They differ on how to weigh given criteria, but they also 
differ about what constitutes relevant data for assessing the criteria. Thus, it can be 
impossible to compare results across rating agencies. However, these ratings may neglect 
the negative impacts on firms [8] and may have a weak or non-existent theoretical 
background [7]. 

CONCLUSIONS 

It is crucial for energy sector utilities to overcome health and safety risks, environmental 
risks as well as reputation risks to provide long-term success. To address this matter, the 
main initiatives related to CSR were studied. According to the initiatives provided 
dimensions can be categorized as environmental, social, and economic and Governance 
impacts to solve the issues the energy sector can cause. Rating agencies construct their own 
CSR ratings, thus, it is difficult to compare results across rating agencies. Since there is no 
global system in CRS ratings, further research is needed to develop a comprehensive 
framework. 

Keywords: Corporate social responsibility; energy sector, rating, initiatives 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Greenhouse gases (GHGs) contribute to global warming. Hence European and national 
policies try to limit them. Household consumption is responsible for 72% of worldwide 
GHGs emissions. As a result, they are crucial players in achieving the Paris Agreement's 
1.5°C goals [1]. The energy sector is crucial to reducing GHGs emissions and resource use 
in households because household energy usage accounts for over a third of total GHGs 
emissions from fuel combustion. The growing demand for energy and the failure to meet its 
savings targets in households has become a major challenge for policymakers and 
researchers in recent years. [2] This article discusses sustainable energy use in households, 
as well as barriers and measures that can help to reduce energy demand in the residential 
sector.  

Although many measures are used to achieve sustainable energy usage in households, such 
as infrastructure and technology development, regulation, financial incentives, and 
behavioural interventions related to household energy saving methods are still important in 
order to mitigate the effects of rising energy demand. [3; 4] Policymakers are incorporating 
non-monetary interventions as measures to reduce household energy consumption. 
Therefore, researchers to increasingly explore the concept of Nudge, where goals are 
achieved by reducing cognitive pressures and setting green options as the default option and 
an alternative for it - the Boost intervention, which seeks to increase the competencies and 
knowledge of individuals to achieve the desired solutions. [5; 6; 7] 

The aim of this article is to review the effectiveness of behavioural interventions in 
promoting sustainable energy use in households and overcoming the barriers to behaviour 
that hinder it.  

METHODS 

A systematic literature review was chosen to consolidate the literature on sustainable energy 
use in households. A systematic literature search and study was performed using the 
Stochastic Approach for Link Structure Analysis (SALSA) system, which investigates 
random walks with graphs derived from the interface structure. [8] The papers obtained 
during the search were evaluated, and recommendations for the selection of papers were 
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followed by the "Preferred Reporting Items for Systematic Reviews and Meta-Analysis" 
(PRISMA) statement, which also guarantees the accuracy and completeness of the analysis. 
[9] 

RESULTS 

Researchers recommend three strategies for achieving sustainable energy consumption in 
households: 1) reduce total energy consumption, 2) shift energy consumption sources to 
renewables, and 3) improve energy efficiency in residential buildings. For a multitude of 
reasons, consumers fail to make the best investment or consumption decisions, all of which 
have one thing in common: people make mistakes and fail to act in their own best interests. 
[4; 10] Behavioural barriers refer to consumers' difficulties acquiring and comprehending 
information, as well as psychological biases. This paper identified these behavioural barriers 
to sustainable energy use in households: 1) Uncertainty on renovation costs/benefits and 
payback period; 2) Environmental concern / low priority; 3) Lack of trust in governments' 
policy; 4) Lack of trusted information and experience; 5) Time constraints and the capability 
to use data; 6) Resistance to change, negative perception of new technologies; 7) Customs, 
habits, and relevant behavioural aspects; 8) Lack of understanding on saving potentials; 9) 
Lack of a 'culture of saving. How to achieve energy demand reduction goals through 
behaviour change interventions can be seen in Fig. 1. 

 

Fig. 1. Behavioural interventions for energy saving in households [4; 11] 
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CONCLUSIONS 

Household energy usage is not always primarily influenced by financial incentives or the 
rational pursuit of material gain. It's difficult to anticipate household energy usage and 
conservation based on either fundamental beliefs or pecuniary interests. [12] This systematic 
literature review has shown that non-monetary behavioural interventions can also help to 
achieve sustainable energy use in households. According to research, in order to achieve 
optimal results in reducing GHG emissions in households, multiple nudging techniques 
should be considered at the same time (e.g. default option, social standards, priming). Other 
behavioural interventions – boosts, are different from nudges. These are interventions that 
allow citizens to improve their skills and thus make decisions, and one way to help deepen 
their competencies is to use the so-called 'rule of thumb'. Coordinating interventions can lead 
to even more effective results in changing household behaviour towards sustainable energy 
use. 

Keywords: Sustainable energy consumption, households, behaviour change, climate change 
mitigation.  
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ABSTRACT 

Energy policies and strategies play a key-importance role in any economics, having 
an especially big effect on its largest energy consumers – energy intensive (further 
EnI) industries. Even a small change in energy availability and/or market prices has 
a huge impact on their performance results. Each European Union (EU) member 
state (MS) has a different industry structure, but all of them are consumers of EnI 
industries end-production, such as steel, cement or chemicals. Therefore, EU 
energy transition goals must be achieved in the most efficient and rational ways 
possible. For a certain period in time, policies set in place were concentrating on 
the energy sector, in particular, omitting complex pictures and economic activities 
related. Gradually, there was a move made to laws packages, consisting of several 
legal acts, having far-reach and complex approaches. The most recent one is the Fit 
for 55 package, which is still a work in progress. While planning, two different 
timespans must be taken into account. For EnI, it is easier to adjust to long-term 
policy changes, but it is almost impossible to do that short term. Decarbonisation is 
the desired effect, yet any industry needs a certain time to make changes, and it can 
be calculated in years. Exploring current post-COVID-19 uncertainty and recent 
changes in globalization trends, it is in EU’s best interests to keep its EnI industries 
competitive and financially capable of making overhauls of production lines and 
implementing new technologies and innovations needed. The purpose of this paper 
is to identify and briefly analyse recently adopted and announced EU energy policy 
changes, concentrating on their potential impacts on the EU industries during the 
period up to 2030. 

Keywords: Energy transition, European Union, Energy policy, industry. 
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INTRODUCTION 

In order to achieve ambitious energy transition goals set for 2030 and 2050, EU has made 
major changes in its Energy policy planning. They could be projected into the three main 
areas where technological change will be needed for the industry [15]. The first would be 
energy efficiency, which is oriented towards savings on the energy demand side. The next 
area would be more efficient energy production itself. The third one would be the continuous 
replacement of fossil fuels with renewable energy sources.  

Industry plays an important role in energy transition, accounting for approximately one-
quarter to one-third of E.U.'s energy consumption and Greenhouse Gases (GHG) emissions 
[19]. It is obvious that industries are not homogenous and have significant differences across 
the EU-27. So-called EnI industries have the largest potential to benefit from decarbonisation 
measures. They include steel, cement, chemicals and nonferrous metals production and rely 
on standardized production processes, using certain technologies and production lines. 
Starting with EU’s Green Deal, there is a significant policy shift incorporating energy policy 
into the bigger picture. This allows more efficient long-term planning and inter-sectoral 
adjustments in case they are/will be needed.  

For EnI industries, it means both new opportunities and threats. A political decision was 
made to set a decarbonisation target for 2030 at 55% less GHG emissions compared to 2005. 
Any industry always needs time to adjust. It is not a matter of months but more a matter of 
years. EnI industries investments into material assets are made long-term and used for 
decades. Sometimes changing technology of production is very costly or even economically 
non-viable. It is in the industry's best interests to comply with new requirements and 
implement new technologies, but policymakers on all levels need knowledge of processes in 
practice.  

The aim of this paper is to provide a brief overview of the most recent EU energy policy 
planning decisions and come up with preliminary insights on their potential impacts on the 
EnI industries short-term and long-term. To complete this task, there were three objectives 
set:  
 To analyse if the EU energy policy planning process takes into account both short 

and long-term impacts, paying sufficient attention to both.  
 To identify if Energy policy planning, based on actual impact on EnI in practice 

(especially CO2 pricing), predicts outcomes and results of policies carried out during 
recent years precisely enough.  

 To formulate potential EU Energy policy planning future impacts on EU EnI 
industries long-term. 

It is worth mentioning that there is still no common ground even among EU MS regarding 
what is acceptable in energy transition as a part of it. For example, there were long ongoing 
discussions between Austria and France regarding the classification of nuclear energy as 
green in the Taxonomy. Poland and other countries also advocated including natural gas as 
a transitional fuel and considered it green too. This classification is important for financial 
institutions, and if both fossil fuels were excluded, they would have limited access to funding 
for new energy projects. Another important aspect is systemic risk occurrences, such as 
COVID-19 or political insurgencies, that cause fast and radical energy policy shifts at the 
EU level. The most recent one is EU’s goal to reduce reliance on Russian natural gas imports 
[11] because of its intervention in Ukraine.  
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So EnI industries make their business decisions under conditions of uncertainty. Some of 
them will win long-term, and some might take the losses. Natural gas usually is seen as a 
source of energy, but for the chemical industry, it is a raw material in their production 
processes, which is still impossible to replace.  

This paper consists of three parts.  
 The methodology part sets the time and scope limitations for the analysis conducted, 

explaining principles of EU common policies setting as well.  
 The results and discussion part briefly presents findings related to the EnI industry 

specifics short and long-term.  
 The conclusions part summarizes insights made and identifies future research potential.  

METHODOLOGY 

This paper analyses EU energy policy changes made from 2009 up to the current date and 
put efforts to identify their potential impact on E.U. industries. That year the major EU 
energy policy shift was made with the Third energy package introducing current 'rules of the 
game' for EnI industries and the energy markets structure, unifying it across the entire EU-
27. There were efforts made to have a fully-fledged common EU sectoral policy in energy 
as it was in the common agriculture policy or establishment of the Schengen area cases [26], 
but EU MS, because of its key importance for the national economics, preferred to keep 
energy policy on the national level. Energy Union, introduced in 2014 and adopted in 2015, 
was still very limited because it was based on a step-by-step approach, meaning the 
introduction of future sectoral strategies, such as EU Liquefied Natural Gas and gas storage 
strategy and packages, like Winter or Clean energy for all Europeans. Each of these packages 
bundles certain laws and shifts EU further to the desired common EU energy sector policy. 
The last document package is Fit for 55 [7]. Analysis in this paper concentrates only on 
official EU documents, such as strategies and packages. Being affected by all the policy 
changes most and already being part of the Emission Trade System (further ETS) [25], EnI 
industries are especially vulnerable to the carbon price changes [1]. Therefore, they are taken 
into account as well.  

There are two different time horizons set. The first one is called short-term and covers a 
period up to 2 years into the future from the policy change adoption. The second one, called 
long-term, takes into account the timeframe until 2030 or at least 10 years period after the 
policy change adoption. 

For statistical data, Eurostat [10] and other official publicly available datasets were 
researched.  

RESULTS AND DISCUSSIONS 

EU Policies with a Major Impact on Eni Performance 

After more or less successful common energy policies implementation, EU noticed that there 
is a contradiction between different sectoral policies long-term. For example, industrial 
policies aim to increase competitiveness and attract investors with higher value-added 
industries, often competing to attract them to certain MS. Environmental policies aim for 
cleaner and sustainable performance that might incur additional costs. Energy policies aim 
for energy security and affordable prices – goals that in some cases mean extensive use of 
fossil fuels or even subsidies for them. So Clean energy for all Europeans package was the 
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first legislative package which tried to implement a dimensional approach in practice 
enabling finding contradictions and eliminating them on EU and MS levels.  

Table 1 identifies key moments of the new policy introduction. Traditionally the process of 
adoption takes several years, so theoretically industry is getting time to adjust and 
incorporate changes into their strategies and business models if it is informed in due time. 
For example, the clean energy for all Europeans package was introduced for discussions in 
2016 but formally was adopted only in 2019. The process was slow because all the 27 MS 
had to agree, and their interests, in most cases, were different.  

Table 1. A brief summary of the main EU policies with the major impact on EnI 
performance 

Document Year Remarks 

Third energy 
package 2009 

Covers unbundling (electricity and natural gas 
markets), independent regulators, ACER (Agency for 
the Cooperation of Energy Regulators), cross-border 
cooperation and open and fair retail markets [8].  

Energy Union 2015 

Covers five dimensions: Security, solidarity and trust; 
A fully integrated internal energy market; Energy 
efficiency; Climate action, decarbonizing the 
economy; Research, innovation and competitiveness 
[4].  

Clean energy for all 
Europeans package 
(also nicknamed 
Winter package) 

2019 

Introduces new laws on Energy performance in 
buildings, Renewable energy, Energy efficiency, 
Governance of the energy union (National energy and 
climate plans), Electricity market design (Regulation 
(EU) 2019/943, Directive (EU) 2019/944), Risk 
preparedness and ACER) [3]. 

Green deal  2020 

Covers new policies on Clean energy, Sustainable 
industry, Building and renovation, Farm to Fork, 
Eliminating pollution, Sustainable mobility, 
Biodiversity, and Sustainable finance [2]. 

Fit for 55 package 

Submitted 
to the 
European 
Council 
in July 
2021 

Legislative proposals and policy initiatives include 
the E.U. emissions trading system, Member states' 
emissions reduction targets, Emissions and removals 
from land use, land use change and forestry, 
Renewable energy, Energy efficiency, Alternative 
fuels infrastructure, CO2 emission standards for cars 
and vans, Energy taxation, Carbon border adjustment 
mechanism, Sustainable aviation fuels, Greener fuels 
in shipping and Social climate fund [5].  

Table 1 shows a radical policy shift within the recent 13 years' time span. The current energy 
market structure was set in 2009, but only the natural gas of its part is still intact. The third 
energy package was chosen as a starting point for this paper, though the electricity part of it 
is already completely overhauled.  

Energy Union introduced many common sectoral policies in energy as a result. It might be 
considered a successful project because now EU MS on a political level are able to discuss 
potential joint natural gas purchases from the 3rd countries or joint offshore wind parks in 
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the Baltic, North or Mediterranean seas. For decades, such decisions were discussed only on 
a national level, and MS kept strong ownership over decisions made, thus limiting cross-
border cooperation potential.  

SHORT-TERM PERIOD 

Risks of Energy Prices Fluctuations and Different Eu-27 Ms Exposure  

During the short-term period, there are significant energy price fluctuation effects observed. 
In energy-intensive industries across the EU, expenses for energy costs can increase 3-4 fold 
[18]. Any energy prices rise that can be considered insignificant for other industries puts EnI 
industries business model under high risk of activities discontinuation. Fig. 1 shows EU MS 
that have the biggest share of energy for industry consumption and EnI industries in their 
national economics structure.  

 

Fig. 1. Final energy consumption in the industry by country in 2020, toe 
[Source: Eurostat] 

There are industries that can be moved relatively fast from one country to another. For 
example, such industries are telecommunications or textile. But EnI, industries like steel, 
cement or fertilizers are bound to a certain location. They depend on reliable raw materials, 
including energy, supply, standardized production lines that need to be served by qualified 
personnel, and production logistics that are often made by railways or maritime transport. 
Also, usually, the production process is 24/7 and its interruption and restarting would mean 
financial losses, not to mention the fact that restarting would need days or, in some cases, 
weeks to be done.  

Germany leads in energy transition across E.U., and its EnI can be an example of adaptation. 
Though industrial associations in 2011 claimed that Energiewende would make Germany's 
industry less competitive. Germany, Austria, France, Poland and Romania choose different 
energy policies, but on the national level, they all have a common goal – to keep industrial 
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production competitive worldwide. Differences in primary energy sources. For example, 
Poland aims to replace coal with natural gas, France relies on nuclear power plants, and 
Germany aims for a balanced renewable and natural gas mix.  

ENI Industries Sensitivity to Co2 Price Fluctuation 

Despite concerted efforts and analysis made, sometimes E.U. has difficulties identifying and 
forecasting its energy policy impacts long-term, causing challenges for EnI industries short-
term. EnI industries' budgets are planned on an annual basis, so precise forecasting of their 
potential costs and cash flows, in general, is important for profitability and economic 
viability.  

With current policies during the process of planning, expected potential E.U. energy policy 
impacts were identified and analysed only long-term, omitting shorter periods. Therefore, 
potential risks were diminished, and potential benefits disproportionally exaggerated.  

For example, carbon dioxide (further CO2) pricing for ETS participants was expected to have 
a lesser impact than it had in 2021 and further periods. Annual reductions of free ETS for 
the industry share in the market and gradually rising CO2 market price were expected to 
encourage energy efficiency measures implemented in industrial processes, this way 
reducing final energy consumption in national EU M.S’s energy balances [22]. But the 
market prices were not expected to rise so fast and sharp within less than one year period, 
reaching the CO2 market price that was forecasted for 2045 when policy planning was made 
in 2019 [6]. Fig. 2 shows the CO2 price hike that caused some EnI industries to stop or limit 
their production output in EU MS across Europe.  

 

Fig. 2. CO2 price dynamics in EU ETS, EUR per ton of CO2 [Source: 
Trading Economics] 

In 2020 CO2 price briefly dipped down because of the COVID-19 impact. It caused 
lockdowns, closures, disrupted logistical chains and lower energy demand in general. This 
resulted in lower CO2 emissions [12]. But from the moment when restrictions were lifted, 
economics recovered much faster than expected, sending CO2 prices to all-time highs. E.U.'s 
EnI industries were locked down in sales contracts, so only those which had riskier business 
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models and operated on a spot basis could adjust their production prices fast enough. The 
situation becomes even more complicated when clients delay their purchase decision, hoping 
to get a better price level in the future. In this case, the EnI industry is forced to manufacture 
'for the warehouse'.  

Changes in Energy Production and Supply – Decentralized Model  

The centralized energy supply model provided security of supply to the industries for several 
decades. The situation is radically changing as energy systems are switching to a 
decentralized energy supply [20]. It makes industries vulnerable and exposed to energy 
supply disruptions that are difficult to predict and mitigate [13]. Also, some EnI industries 
use fossil fuels as raw materials, and it is difficult or impossible to replace them.  

Decarbonisation goals lie at the centre of the energy transition currently taking place. Further 
increase of the renewable energy sources share in the energy mix decreases EUs dependency 
on external energy sources. It has a positive effect, but transitioning is not smooth and short-
term. It creates extra pressure on transmission and distribution grids. Industrial processes 
require stable energy supply and certain electricity quality because voltage micro-jumps in 
the grid can damage electronics that are sensitive to them. There is a clear need for 
successfully commercialized technological energy innovations and increased investment 
toward Research and Development both in energy production and industrial processes.  

The first of the factors driving energy markets short-term is political unpredictability. The 
most recent manifestation in practice is COVID-19 lockdowns, disrupting industrial 
activities and energy demand. The second one would be market forces that are working 
against traditional seasonality patterns. An example could be the low gas storage level in the 
EUs Underground Gas Storages (further UGS) for the winter season of 2021-2022. In 2021 
usual summer drop in prices did not happen, therefore, companies delayed their natural gas 
purchasing for the future, putting end-users into a financially strained situation when they 
were forced to pay double or even multiple times higher prices for natural gas, electricity 
and heating.  

War in Ukraine – Additional Uncertainty for Eu Eni Industries 

On the 24th of February, 2022, Russian troops invaded Ukrainian territory. Consequently, 
EU imposed several packages of sanctions, which aim to shift EnI industries from Russia as 
the primary energy source. EU-27 stopped buying Russian coal; also, there are joint efforts 
to stop buying Russian oil and natural gas.  

Lithuania was the first EU member to cease natural gas imports from Russia completely 
(both pipeline and liquefied natural gas (LNG)). Other member states negotiated for a 
transitional period because the infrastructure needed to diversify, especially in land-locked 
MS, is not in place, and there is the time needed to construct it. Short-term, EU political 
decisions, such as planned centralized natural gas purchases, might result in energy prices 
hike. Although later, they will bring EnI industries more advantages because infrastructure 
projects reconsidered again, such as the Spain-France gas interconnector or LNG import 
terminals in Germany, will increase competition among energy suppliers.  

Transit of Russia's natural gas is an important budget income source for Ukraine, accounting 
for 2-3 billion EUR revenues annually. Russia's aggression ceased Nord Stream 2 pipeline 
certification process in Germany, but it also puts EnI industries at risk as end-users. If due 
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to military activities, there is accidental damage to Ukraine's transmission pipeline system, 
its effect will be double-sided. Western Europe will not get the physical natural gas flows it 
needs, and Ukraine might lose part of the potential revenues.  

LONG-TERM PERIOD 

Risks for Eu Eni Competing Globally 

Long-term, the main risk is that if EU policies' effects are difficult to predict, they might 
cause an exodus of the EnI industries to third countries where restrictions are less tight or do 
not exist [23]. This might result in a situation when certain products in E.U. cease to exist or 
be available. If it is not a component or a part of another product, the situation is acceptable, 
but otherwise, it makes EU more vulnerable and dependable on certain imports from third 
countries, potentially not matching production standards set within EU. EU aims to prevent 
such situation introducing Carbon Border Adjustment Mechanism (CBAM). CBAM will 
create a vis-à-vis level playing field for the products manufactured within and outside EU.  

Most recent global events showed that self-reliance in the energy sector is of crucial 
importance. But if EU abandons one 3rd the country's fossil-fuel suppliers for another, it is 
still not an acceptable problem solution. Energy transition worldwide was taking a faster 
pace and gaining momentum, but COVID-19 and the hike in global energy resources prices 
made coal and other polluting primary energy sources more attractive alternatives.  

Countries that chose to use polluting energy sources were able to do so because they do not 
have formal legislation in place banning such switches even temporarily. It is not the case in 
EU MS, therefore, their EnI industries face higher risk exposure.  

Benefits of New Emerging Technologies 

Different analytical scenarios used for forecasting desired outcomes usually depict the future 
as optimistic or too pessimistic. EU Energy Union's fifth dimension is named research, 
innovation and competitiveness.  

In most of the national EU MS's NECPs, it was the shortest and least clear part of the 
document. In particular, innovations mean that some new technologies will provide a 
breakthrough until 2030, but it is very difficult to identify which ones will have the biggest 
impact. Also, there will be a need to 'normalize' usage of them by solving practical technical 
issues [14], and it also will take time. Despite that, it is already clear that hydrogen will play 
a very important role in energy transition even before 2030 [17]. 

One of the quantitative measures is the number of European patents, but it is a tricky key 
performance indicator because some of the patents are never commercialized. A potential 
solution would be advancing the close industry and scientists' cooperation. The industry is 
always oriented toward gaining a competitive advantage, so there might be cases when some 
perspective technologies could be locked and accessible to other competitors in the same 
industry only when the patent period is over. It might be as long as 25 years. Fig. 3 shows 
patents applications dynamics in 2011-2020.  
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Fig. 3. Dynamics of European patents applications [9] in 2011-2020 
[Source: European patents office (EPO) and own authors elaborations] 

Energy transition already years ago gave EU’s EnI industries a push to implement extensive 
energy efficiency measures, switch to renewable energy sources when it is possible and 
change technologies to more efficient ones. It allows to save costs, get ahead in the market 
and form more positive public opinion.  

New Business Models and Eni Potential to Embrace the Change 

The most positive effect would be new technologies and business models emerging long-
term. Such examples could be commercialized Power-to-gas [21] or Vehicle-to-grid 
technologies [16]. Also, EU’s pioneering in energy transition could give increase the 
remaining industries' competitiveness worldwide. Of course, if the rest of the world decides 
to embrace EUs energy transition standards and adjust their EnI industries accordingly.  

EnI industries because if their specifics cannot make energy transition within a year or two, 
but within 5-10 years period, they will be the most important contributors towards the 
achievement of EU’s decarbonisation goals EnI industries cross  

In some cases, it will be commercially attractive. In some politically induced changes, for 
example, the ban of internal combustion engines [24] will radically change logistics and EnI 
industries costs for its services.  

CONCLUSIONS 

 EU energy policy planning is oriented long-term, omitting important impacts it 
causes short-term and affecting all the EUs industries – in particular EnI ones, such 
as cement, chemicals and metals production.  

 There are difficulties in planning the actual outcomes of the new energy policies; 
because EU expected some changes (for example, CO2 price) to take place at a much 
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slower pace than it actually did. Industries have no time to adjust, therefore, they are 
short-term exposed to unnecessary economical risks that give certain advantages to 
their competitors in the third countries. Sometimes even effectively putting them out 
of business. 

 Long-term EnI industries will implement a lot of energy-related innovations in 
practice and switch to new business models that would contribute to EUs 
decarbonisation goals for 2030 and 2050 significantly. It is very likely that a 
competitive advantage will be created.  
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

The European Union's international community has set the goal of neutralizing climate 
impacts by reducing the economy's dependence on fossil fuels and greenhouse gas emissions 
while at the same time enhancing people's well-being. The energy sector has a key role to 
play in achieving these goals. Europe's energy future must be based on increasing renewable 
energies, the flexible integration of different energy sources and the continued efficient use 
of resources while avoiding pollution and biodiversity loss. Innovative energy technologies 
have the potential to accelerate fundamental changes in our energy sector with the transition 
to clean energy. In order to achieve the desired changes, it is important to study and assess 
the impact on public welfare, taking into account the diversity of the concept of public 
welfare. Insights from behavioural economics can help understand and shape the direction 
and scale of energy policy change. The aim of this paper is to examine the main theoretical 
aspects of energy science, the energy sector, energy resources, innovative energy 
technologies and public welfare. Methods of the research – systematic scientific literature 
analysis. Information search for analysis was performed using EBSCO, Scopus, Science 
Direct, Emerald, and Google Scholar. Basic search parameters were defined as such: search 
by name, the period from 1985 until 2021, using keywords: energy, energy sector, 
sustainable energy, energy technologies, innovative energy technologies, sustainable energy 
technologies, public welfare, and public well-being. 

The energy sector. In principle, the same definitions of energy are given by the majority of 
authors, focusing on the fundamental transformation of the energy sector towards sustainable 
energy [1, 2, 3, 4, 5, 6, and 7]. Energy science examines the challenges that combine the 
research of energy resources, their rational use and energy development. Energy includes 
the interconnected energy sectors referred to as electricity, hydropower, nuclear or nuclear 

energy, thermal energy, renewable energy, and hydrogen energy, which involve all 
companies and installations for the extraction, production, transformation, transmission, 

distribution and consumption of various energy sources. The inherited from the past 
extensive energy sector focused on high but inefficient consumption of electricity and oil 
products does not meet current requirements in terms of its essential characteristics 
(efficiency, management principles, structure, etc.) [8]. Therefore, over the last decade, 
public policy has focused primarily on the fundamental transformation of the energy sector. 
The main goals of the National Energy Strategy (Energy Independence) approved by the 
Government of the Republic of Lithuania in 2010 include energy independence, increasing 
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competitiveness and sustainable development with environmental protection. The strategy 
covers all areas related to energy: electricity, heating, gas, and renewable energy. The E.U. 
has adopted a number of pieces of legislation and strategies for the energy sector at various 
levels, such as the Third Energy Package, the overall E.U. Energy Sector Strategy Energy 
2020, the Energy Roadmap 2050, and others. The Energy Roadmap sets targets for reducing 
carbon emissions by 2050, ensuring the security of energy supply to consumers, and ensuring 
competition. 

Energy plays a key role in all aspects of sustainable development and is one of the key drivers 

of social development and economic growth. The depletion of traditional energy resources, 
waste hoarding, deforestation, water pollution problems, and soil erosion are just some of 
the consequences of unbalanced energy development [5]. A new concept is emerging: 
sustainable energy, which is one of the E.U.'s policies priorities. 

Sustainable energy is gradually replacing traditional energy, and it can be described as a 
form of energy that is extracted from inexhaustible resources in order to meet the needs and 
opportunities of future generations without compromising the energy needs and 
opportunities of future generations. 

The key energy sources. The most important energy sources include 1) non-renewable 
natural resources and their processed products - oil, coal, natural gas, nuclear energy, peat, 
combustible shale; 2) renewable natural resources - hydropower, solar energy, wind energy, 
geothermal energy; 3) the products of human activity classified as renewable resources are 
wastes from the wood industry and agricultural production, municipal and other combustible 
wastes, specially grown biofuels and firewood, and biofuels produced from agricultural 
products. Energy production and use determine the quality of the local, regional and global 
environment. Therefore, recently in Lithuania, as in many other European countries, 
increasing attention is being paid to the use of renewable energy sources upon striving to 
increase the security of energy supply by reducing dependence on fossil fuels, the need for 
fuel imports and climate change related to greenhouse gas emissions [9,10,11,12]. 
Renewable energy means aerothermal, geothermal, hydrothermal, ocean energy, 
hydropower, biomass, biogas, including landfill gas and sewage treatment plant gas, as well 
as energy from other renewable non-fossil resources that are technologically available now 
or will be available in the future. These resources accumulate the essential qualities that 
make them the focus of all research into sustainable energy development. 

Innovative energy technologies. Energy technologies are defined as any type of technology 
that interacts with one or more of the segments in the energy sector [13, 14]. These can be 
both renewable and non-renewable energy technologies. Innovative energy technologies are 
technologies that incorporate various forms of renewable energy, innovations that make our 
energy system more efficient, and products and services that increase consumers' control 
over energy consumption [13]. Sustainable energy uses innovative energy technologies from 
renewable energy sources. The main areas of renewable energy technologies are bioenergy 
(biomass), direct solar energy (solar panels), geothermal energy (geothermal power 
generation), hydropower (hydroelectric power plants) and wind energy (wind power plants). 
Thanks to these technologies, renewable energy is produced [15, 16, 17, 18, and 19]. These 
technologies are divided into 5 groups: solar, wind, hydro, bio and others [13]. Innovative 
solar technologies are characterized by the development of new elements that use micro-
technologies to extract energy from direct or indirect sunlight and have the potential to store 
energy that can then be transmitted and distributed to the energy grid. Innovative solar 

energy technologies include saltwater solar thermal ponds, multi-node solar cells; 
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photochemical solar cells; paint-sensitive solar cells; thin film organic photovoltaic cells or 
polymeric solar cells. Innovative wind technologies are characterized by the development of 
new wind turbines – an architecture that improves the existing structure of wind plants. 
Taking advantage of the new architectural type and new possibilities of wind turbines, the 
most optimal option for obtaining energy from wind power is being sought. Innovative wind 

energy technologies include vertical axis wind turbines; concentrated wind accelerators or 
diffuser-topped wind turbines or ducted turbines; knife tip energy systems; high-altitude 
wind turbines and wind turbines; and wind belts. Innovative water technologies focus on 
new types of hydropower that are able to generate energy from new, hydrokinetic, renewable 
energy sources – offshore currents, wave battles, space power and thermal energy change. 
Innovative hydropower technologies include micro- and peak-hydropower plants; vortex 
hydrokinetic hydropower plants; ocean hydrokinetic power plants; osmotic power or salinity 
gradient power plants; ocean thermal energy changes. Innovative bioenergy technologies 
focus on the development of biomass biofuels from alternative, renewable energy sources – 
diesel, gas synthesis, etc. These bio-sources can be used to extract energy instead of not 
using it at all. Innovative bioenergy technologies include synthesis gas, biomass biofuels, 
and fuels from pyrolysis, biomass biofuels, and biomass microbial fuel cells. Other 

innovative energy technologies include kinetic energy yield, micro natural energy yield; 
mechanical energy containers; thermal energy tanks; an upgraded energy grid to help store 
energy. 

All elements of the environmental strategy presented by the European Commission are 
closely linked to sustainable development, where energy technologies, through the 
dimensions of sustainable development, are inseparable from the environmental dimension. 
In the concept of sustainable development, one of the key criteria is energy efficiency and 
effectiveness; energy technologies. 

Public welfare. Conceptual models of public welfare and tools for measuring well-being 
have been developed since the middle of the last century [20, 21, 22, and 23]. The pursuit of 
public welfare and ensuring the conditions for its creation are also the main goal of the state. 
Certain areas are clearly regulated and strongly influenced by law (for example, social 
welfare, health care, and business conditions) [24]. The well-being of society is affected by 
the economy; social relations between members of society, groups and the community; 
health; education and care; local environment; personal characteristics of the individual. 
Traditionally, the size of GDP per capita has been considered an indicator of the well-being 
of a country's population. However, most modern researchers agree that well-being should 
be expressed and assessed not only in terms of financial indicators but also in terms of quality 
of life, expressed in both quantitative and more subjective qualitative terms: economic 
quality of life, socio-economic quality of life; assessment of the quality of life in the context 
of sustainable development of society [24]. Measurements of the concept of well-being often 
compete with indices of health, happiness, and civic power [25]. Sustainable development 
requires the abandonment of the idea that the growth of well-being is only an economic 
expression of well-being, so the debate on the necessity of economic growth and its 
compatibility with the well-being of man and society reflects two opposing worldviews. 
Economic well-being, health and happiness have positive correlations and causal effects. 
Studies have confirmed that happiness is a cause of good health and affects the behavioural 
and immune systems through social relationships, work, and other factors. One of the most 
popular indices for measuring well-being is the holistic definition of well-being [25]. 
Various methodologies describe public well-being by indicators, which are often grouped 
into economic, social and environmental indicators, and various aggregate indices are 
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constructed from these indicators [26, 27, 28, and 29]. For example, the Real Progress Index, 
as one of the most common indicators of GDP change in measuring the well-being of society, 
takes into account the market and non-market benefits as well as the social, environmental 
and economic costs of economic benefits. The Real Progress Index is measured by 26 
indicators, which are divided into three groups: economic, environmental and social. 
Following the Brundtland Report “Our Common Future” (1987), which stated that 
“humanity must develop in a sustainable way to ensure prosperity in the present without 
compromising future prosperity” (U.N., 1992), the concept of public welfare has been 
transformed into the one of a sustainable society upon striving to reconcile economic, social 
and environmental interests of society [30,31]. Against this background, the well-being of 
society can be grouped into 3 main sectors of sustainable development: the state of the 
environment, economic development and social development [30, 31]. Environmental sector 
indicators include air and climate change, water, landscape and biodiversity, and waste 
management. Economic sector indicators include transport, industry, energy, agriculture, 
housing, and tourism. Indicators of the social development sector include employment, 
poverty and social exclusion, public health, education and science, preservation of cultural 
identity, and sustainable consumption. 

Keywords: sustainable energy, energy technologies, public welfare.  
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ABSTRACT 

In this study, a novel interface system supplied by a fuel cell (FC) is proposed for 
battery charging applications. A single-switch high gain dc-dc converter is designed 
to supply electrical energy from a low voltage FC unit to the battery side in the 
system structure. The clamping capacitor boost converter (CCBC) is utilised to 
convert the low FC voltage into a higher voltage at the consumer side in comparison 
with the conventional boost converter's voltage conversion capability. The 
converter structure consists of a single switch, an inductor, three capacitors, and 
three diodes for the voltage conversion process in the proposed system. In the 
design process, a Horizon H-100 proton exchange membrane FC (PEMFC) is 
modelled in the rating of 100 W and 12-19 V operation range, and consumer-side 
voltage is kept at 48 V through the CCBC interface. Besides, the system is operated 
for different loading conditions: 25%, 50%, 75 %, and 100%. In the performance 
results, the voltage gain of CCBC is analysed and compared against the 
conventional boost converter for a wide duty cycle range. Then, the system was 
tested under different load values, and performance results were observed to show 
the validity of the proposed system. According to the obtained results, the system 
achieves to keeps the output voltage at the reference value (48 V) for each loading 
situation. The case studies show that the electrical power is supplied to consumer-
loads effectively and smoothly. The results obtained show that the proposed 
converter uses a single switch like the classical boost converter, but the voltage 
conversion is achieved with a higher gain for FC-supported battery charging 
applications. 

Keywords: Clamping capacitor boost converter, Fuel cell, High gain dc-dc converter, 
loading situations   
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INTRODUCTION 

Technological developments have increased the interest and need for high-gain dc-dc 
converters used in various electronic applications in recent years. Applications such as 
electric vehicles, grid integration, robotics, and charging stations are significant application 
areas of high-gain dc-dc converters [1]. The high-efficient and high-gain step-up converters 
provide a higher voltage conversion rate in comparison with conventional boost converters 
[2]. 

In the literature, several improved dc-dc boost converter topologies are used to obtain higher 
voltage gain than conventional boost converters [3]. Among these converters, isolated high-
gain dc-dc boost converters like a bridge, fly back, and forward are costly structures together 
with the high dimension and power losses. Some isolated topologies are bridge, fly back, 
and forward dc-dc converters [4]. But, using a step-up transformer in these topologies 
induces higher volume and losses together with a high cost [5]. Unlike isolated structures, 
non-isolated converters like boost [6], interleaved [7], cascaded [8], quadratic [9] and voltage 
multiplier [10] based are simple and low-cost power electronic topologies to obtain high 
voltage conversion at the output [11]. Conventional boost converters and interleaved boost 
converters provide more limited voltage gain compared to advanced boost converters. 
Interleaved boost converters provide more efficiency and robustness with less current ripples 
[7]. Cascaded boost converters are the basis for the integration of two or more conventional 
boost circuits. But, the cascaded topology needs supplementary transistors in addition to 
excessive switching losses [8]. Quadratic boost converters use a single transistor to obtain 
high voltage conversion capability [9]. In voltage multiplier-based boost converters, the 
topologies need extra circuit components to increase higher voltages at the output. 

In this study, an alternative high-gain clamping capacitor boost converter (CCBC) supplied 
by a fuel cell (FC) is proposed for unidirectional charging applications. The method section 
explains and clarifies the operating principles of FC-supported CCBC utilised for battery 
charging implementation. The equivalent circuits and operation modes of CCBC are 
analysed and demonstrated. In the study, a proton exchange membrane FC (PEMFC) is used 
as an energy provider to supply electrical energy for consumer load. A PI-based controller 
is implemented to supervise energy transfer from PEMFC to load and to keep the dc-link 
voltage constant. The main objectives of the proposed PEMFC-supported battery charger 
system are listed as follows: 

 In performance results, the voltage gain analysis of the designed converter is given 
for different duty cycle ratios to show the voltage conversion in comparison with a 
conventional boost converter.  

 A PEMFC in the rating of 100 W is designed and performed according to the 
dynamic structure of the Horizon H-100 PEMFC. The electrical characteristics and 
operating values of PEMFC are explained in detail. 

 Different loading situations are created to show the active power flow generated from 
PEMFC. The system is performed for 25%, 50%, 75%, and 100% loading situations. 

THE SYSTEM STRUCTURE 

In this section, the sub-components of the system are detailed and explained. The system 
structure of PEMFC-connected CCBC is presented in Fig. 1. 



247 
 

 

Fig. 1. The structure of the PEMFC-connected CCBC system 

PEMFC 

In the proposed system, a PEMFC is utilised as an energy generation unit at the input of the 
dc-dc converter. The dynamic structure of the Horizon H-100 PEMFC is designed and 
located at the front of the converter. Fig. 2 presents the equivalent circuit and electrical 
characteristics of Horizon H-100 PEMFC used in the system.  

 

Fig. 2. The equivalent circuit and electrical characteristics of PEMFC 

According to the dynamic characteristics of PEMFC, the cell voltage is characterised in 
terms of Nernst voltage, ohmic voltage, activation overvoltage, and concentration voltage 
[12].  

 conactohmnernstfc VVVEV  .                                         (1) 

In Horizon H-100, the cell number is 20, and stack efficiency is 40% at 12 V. The maximum 
power of the designed PEMFC is 100 W at maximum operating (12 V, 8.33 A) values. Also, 
the open-circuit voltage of PEMFC is 19 V when the FC output current is equal to zero [13]. 

CCBC AND ITS OPERATING PRINCIPLES 

The operation modes of PEMFC-connected CCBC are presented in Fig. 3. As shown in the 
equivalent circuit, the converter consists of a transistor, an inductor, three capacitors, and 
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three diodes [14]. In operation modes, the elements (blue) are in active operation while the 
elements (light grey) are in OFF operation. 

 

Fig. 3. The operation modes of the CCBC circuit 

In mode 1, the switching element (S) is closed, and the inductor (L) is energised. Also, the 
stored energy in the C1 capacitor is supplied to C2 and C3 capacitors. In mode 2, the current 
on the C2 capacitor starts to flow in the opposite direction, and all the capacitors ensure 
power to load. In mode 3, the current and energy on the C1 reach zero. In this mode, C2 and 
C3 capacitors ensure power to load. In mode 4, the S is open, and D2 is reverse-biased. In 
this state, the inductor voltage and fuel cell voltage are series-connected with a C2 capacitor 
to supply power to the load [14]. 

The load voltage is the sum of C2 voltage and C3 voltage. In this way, the voltage gain (G) 
between input and output voltages is defined as [14]: 
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The capacitors are computed by using Eq. 4. 

S

L D3

D1

D2

C1

C2

C3V
fc

V
lo

a
d

Mode 1

S

L D3

D1

D2

C1

C2

C3V
fc

V
lo

a
d

Mode 2

S

L D3

D1

D2

C1

C2

C3V
fc

V
lo

a
d

Mode 3

S

L D3

D2 C2

C3V
fc

V
lo

a
d

Mode 4

L
o

a
d

L
o

a
d

L
o

a
d

L
o

a
d D1

C1



249 
 

 1
1

Cs

load

vf

I
C




 2
2

)1(

Cs

load

vf

ID
C






,  3
3

)1(

Cs

load

vf

ID
C






.  (4) 

LOADS 

In the designed system, resistive components are used as a consumer. The resistance values 
are selected according to the consumer power rating using constant dc load voltage (48 V). 
The resistance values are 92 Ω, 46 Ω, 30.2 Ω and, 23.1 Ω for 100%, 75%, 50%, and 25% 
loading situations, respectively. 

RESULTS 

This section presents the performance results of the PEMFC-connected CCBC system. The 
system has been constructed and tested by using the Simulink environment program. The 
design parameters of the system are given in Table 1. 

Table 1. The design parameters of the PEMFC-connected CCBC circuit 

Parameter Symbol Value 
FC voltage Vfc 12V-19V 
Load voltage Vload 48 V 
Load values R 92 Ω 
  46 Ω 
  30.6 Ω 
  23 Ω 
Switching frequency  fs 10 kHz 
Inductor L 100 µH  
Capacitors C1 1 mF 
 C2 0.5 mF 
 C3 0.5 mF 
Sample time of simulation - 2 µs 

The voltage gain analysis for CCBC and conventional boost converter is introduced in Fig. 4. 
It shows that the voltage gain of the CCBC is twice that of the conventional boost converter 
topology for each different duty cycle value.  
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Fig. 4. Voltage gain comparison of CCBC and conventional boost 
converter 

 

Fig. 5 shows the performance results for different loading situations: 25%, 50%, 75% and 
100%, respectively. In state 1, a load in the rating of 92 Ω is connected to the system, and it 
consumes 25.05 W at the output. In this state, the FC voltage is 16.13 V while the load 
voltage is kept at 48.01 V. In state 2, the load value equals 46 Ω, and the consumed power 
is 50.04 W. In this state, the output voltage is 47.98 V while the FC operates at 15.11 V. In 
state 3, the FC voltage is 13.76 V, while the load voltage is kept at 47.93 V. The generated 
power is 75.07 W in this state. Subsequently, the system is performed for the full loading 
situation. The load value is 23.1 ohm, and the generated power equals 98.96 W when the 
load voltage is 47.71 V. 

 

Fig. 5. Performance results for different loading situations 
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The obtained results are given in Table 2. According to the loading situation, the results 
show consumed power values and FC power values. Also, the efficiency values of the 
designed system are calculated by using consumed power and FC power for each state. 

Table 2. The obtained results for loading situations 

 State 1 State 2 State 3 State 4 
Loading (%) 25 50 75 100 
Load current (A) 0.52 1.04 1.56 2.06 
Consumed  power (W) 25.05 50.04 75.07 98.32 
FC Power (W) 26.38 51.19 75.43 99.16 
Efficiency (%) 94.95 97.75 98.22 99.15 

In obtained results, the values show that the output current changes proportionally with the 
load condition due to the constant output voltage. In addition, it is seen from the results that 
the system efficiency improves as the load level increases. 

CONCLUSIONS 

In this study, a high-gain single-switch dc-dc boost converter is fed by a PEMFC for battery 
charging applications. The operation modes and working principles of CCBC are explained 
and clarified for different situations. The voltage gain and parameter selection guidelines of 
the proposed CCBC are given. In the performance section, the system's power rating is 
designed as 100 W, and the FC voltage range is between 12 V and 19 V. The system has 
been tested and performed for different loading situations between quarter-loading and full-
loading situations. The performance results show that the load voltage is kept at 
approximately 48 V and FC voltage varies inversely with the generated power. The 
performance results verify that the system operates at high-efficiency values for different 
loading situations. The results show that the FC produces more power at lower voltage values 
in terms of dynamic characteristics. Besides, the voltage ripples values are kept at less than 
1 V at the output side of the designed system. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

In fighting global warming, it is essential not only to find new technologies but also to make 
them affordable and accessible. Acting in this particular way will encourage industries to 
invest in change and will also help authorities in giving them a base to create regulations 
knowing that the available solutions are feasible. 

One of the innovative ways to recycle CO2 is the conversion into valuable products, such as 
reducing the formic acid through electrocatalytic reactions. Each component of an 
electrolyser can affect the performance, but the membrane is the most significant part of the 
cell besides the electrocatalysts. The ionic conductivity is the main parameter to get a high 
conversion yield. High ionic conductivity is desired for an increased reaction rate. Both 
cationic (mainly Nafion) and anionic membranes were tested in electrolysers for CO2 
conversion. Nafion and other cationic membranes proved to have low yield [1]. The anionic 
membranes doped with KOH are more appropriate for CO2 conversion: Polyvinyl alcohol-
KOH (PVA-K) and imidazolium functional groups are grafted onto the polymer backbone. 
The last is a registered trademark as Sustainion [2, 3]. Sustaining outperforms all alkali-
doped membranes used in CO2-electrolysis but is still expensive (800 USD/100 cm2 
Sustainion) like Nafion. Improving characteristics of PVA-K by engineering molecular 
weight, backbone length, and crosslinking methods could obtain alkaline-PVA membranes 
with appropriate Faradaic efficiency to imidazolium salts. The current study aims to increase 
the Faradaic efficiency by crosslinking different molecular weights PVA with chemical and 
physical cross linkers. 

METHODS 

Materials: PVA with 50,000-600,000 MW, chemical crosslinked - glutaraldehyde (1-5% 
water solutions) – reference, freezer for physical crosslinked freeze (250K)-thaw (RT) 
repeated cycles. 

Solutions of 10-15% PVA are cast in films (1-2mm thickness) on a glass substrate and frozen 
up to 250K, followed by thawing at RT. Up to five cycles of freeze-thawing are performed. 
PVA films are treated with a 3% peroxide solution to improve stability in thickness and 
mechanical properties. Finally, PVA-crosslinked films are boiled in 3M KOH for 1 hour, 
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washed and kept in 1M KOH before use in CO2-electrolyser (homemade device). Faradaic 
efficiency is measured as in ref [2]. 

RESULTS 

Figure 1 shows the basic principle for CO2-electrolyser, and in table 1, the preliminary results 
for PVA- 150,000 MW are crosslinked by freeze-thawing and comparison with other 
membranes.   

 

Fig. 1. Simplified schematic of a formic acid cell 

Table 1. Membrane area-specific resistance (ASR) and Faradaic efficiency [2, 3]. 

Membrane ASR in 1 M 
KOH, 60 °C 

(Ω-cm2) 

pH Range Faradaic 
efficiency 

(%) 
Sustainion® 37-
50 

0.045  2-14 >80 

Nafion 115 0.52  0-13 N/A 
PVA membranes 
doped 3M KOH 
[2] 

0.5-2 (dependent 
on crosslinking 

method) 

10-13 40-50 

Alkali-doped 
other polymers  

- >7 <20 

PVA- freeze 
crosslinking, 3M 
KOH 

~ 0.6 >10 ~55-60 

CONCLUSIONS 

PVA-membranes designed by freeze-thawing of the PVA with different MW could be a 
good perspective to develop new CO2-electrolysers. Understanding the crosslinking 
mechanisms related to the PVA tacticity, chain length, MW and insertion of imidazolium 
functional groups opens a new perspective for CO2 conversion via electrolysis. 



255 
 

Keywords: CO2 conversion, CO2-electrolyser, PVA-membranes 

REFERENCES 

1. RIDGWAY, P.L.; DELACOURT, C.; KERR, J.K.; NEWMAN, J. Design of an 
Electrochemical Cell Making Syngas (CO + H2) from CO2 and H2O Reduction at Room 
Temperature. Journal of the Electrochemical Society, 2007, Vol. 155, No. 1, P. B42-
B49.  

2. KUTZ, R.B.; CHEN, Q.; SAJJAD, S.D.; LIU, Z.; ASEL, I.R. Sustainion Imidazolium-
Functionalized Polymers for Carbon Dioxide Electrolysis. Energy Technology, 2017, 
Vol. 5, No. 6, P. 929-936. 

3.  LIU, Z.; YANG, H.; KUTZ, R.; MASEL, R.I. CO2 Electrolysis to CO and O2 at High 
Selectivity, Stability and Efficiency Using Sustainion Membranes. Journal of the 

Electrochemical Society, 2018, Vol. 165, No. 15, P. J3371-J3377. 
  



256 
 

 

I.7. Fusion energy, nuclear fission and radiation protection 
 

N. Elsalamouny, T. Kaliatka. DEVELOPMENT OF A NUMERICAL MODEL OF 
QUENCH-20 TEST BASED ON LEI EXPERIENCE ON MODELLING OF QUENCH 
TESTS ................................................................................................................................ 257 

H. Satti et al. DEVELOPMENT OF A NEUTRON DIFFUSION CODE OPENNODE 
USING THE NODAL EXPANSION METHOD TO SIMULATE THE 3D REACTOR 
CORE CALCULATION IN CARTESIAN GEOMETRY ................................................ 261 

J. Ristkok et al. FULFILLMENT OF LOCAL THERMODYNAMIC EQUILIBRIUM IN 
ARGON ENVIRONMENT FOR CALIBRATION-FREE LIBS MEASUREMENT OF 
HYDROGEN ISOTOPES .................................................................................................. 269 

S. Shirzadi, A. Slavickas. EXAMINATION OF RESONANCE SELF-SHIELDING 
PROCESSING FOR RBMK FUEL ASSEMBLY USING SCALE .................................. 273 

B. Togobickij et al. NUCLEAR ANALYSIS OF HIGH-POWER LIEBE MOLTEN 
TARGET AT CERN FOR THE PRODUCTION OF RADIOISOTOPES ....................... 282 

  



257 
 

DEVELOPMENT OF A NUMERICAL MODEL OF QUENCH-20 
TEST BASED ON LEI EXPERIENCE ON MODELLING OF QUENCH 

TESTS  

N. Elsalamouny, T. Kaliatka  
Lithuanian Energy Institute,  

Breslaujos g. 3, LT-44403 Kaunas – Lithuania 

 +37060445860 

 Noura.Elsalamouny@lei.lt, Tadas.Kaliatka@lei.lt  

 
 

EXTENDED ABSTRACT 
 
 

OVERVIEW 

The phenomenon of hydrogen generation can lead to a severe accidents. Hydrogen is 
considered flammable gas; the rapid increase in hydrogen generation amount could lead to 
an explosion. Though, it has been investigated in detail by using experimental facilities and 
modelling tools. QUENCH tests are experiments to investigate the hydrogen source that is 
generated or produced due to the water or steam injection into the uncovered core of light 
water reactors (LWR). The QUENCH tests are performed at the QUENCH facility at 
Karlsruhe Institute of Technology. In the QUENCH facility, the fuel rods are placed with 
fuel simulators with tungsten heaters surrounded by identical cladding material as light water 
reactors. The latest test provided in the QUENCH facility is dedicated to BWR assembly 
(QUENCH-20). QUENCH tests are also used to verify and validate computer codes.  

Lithuanian Energy Institute (LEI) has wide experience in modelling different QUENCH tests 
(QUENCH-03, 06, 10, 18) using different severe accident computer codes (ASTEC and 
RELAP/SCDAPSIM) [3, 4, 5, 6]. LEI is also provided with the uncertainty and sensitivity 
analysis for calculation results for some QUENCH tests using statistical tools (SUNSET and 
SUSA). Recently LEI has been taking part in the International Atomic Energy Agency 
Coordinated Research Project (IAEA-CRP I I31033), whose main aim is to apply the Best 
Estimate methodology for the modelling results of severe accident conditions in LWR. In 
this CRP, LEI is modelling the QUENCH-06 test using RELAP/SCDAPSIM code and 
providing uncertainty and sensitivity analysis for calculation results using the SUSA tool.  

The aim of this work, presented by this paper, is to use LEI's previous experience for the 
development of a numerical model of the QUENCH-20 test using RELAP/SCDAPSIM 
code. 

METHOD 

Looking through the QUENCH test matrix [7], it was found that boundary conditions of the 
QUENCH-06 test are similar to QUENCH-20 test boundary conditions. Thus, it would be a 
capability to use the already existing experience of modelling the QUENCH-6 test to develop 
a numerical model of the QUENCH-20 test. 

mailto:Noura.Elsalamouny@lei.lt
mailto:Tadas.Kaliatka@lei.lt
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SIMILARITIES OF QUENCH-6 AND QUENCH-20.   

There are similarities between QUENCH-06 and QUENCH-20. Both have similar main 
operational phases, the bundle cooling boundary conditions, electrical power and quenching 
water injection (Table 1). 

Table 1. The main boundary conditions of the QUENCH-6 and QUENCH-20 tests 

Parameter QUENCH-06 QUENCH-20 

Steam flow rate (g/s) 3 g/s 3 g/s 
Argon flow rate (g/s) 3 g/s 3 g/s 
Water injection (g/s) 40 g/s 50 g/s 

Peak Power kW 18.2 kW 18.2 kW 
Main phases (pre-oxidation, 

transient, Quenching) 
(pre-oxidation, 

transient, Quenching) 

DIFFERENCES OF QUENCH-6 AND QUENCH-20 

QUENCH -06, and 20 tests have different bundle types. QUENCH-06 test has a PWR bundle 
type (Figure 1 (a)), which consists of 21 fuel rods simulators, 4 corner rods, a central rod 
and a shroud. QUENCH-20 test has a BWR bundle type (Figure 1 (b)) that consists of 24 
fuel rods simulators, stainless steel control blades with B4C, a fuel channel box, a water 
channel box and a corner rod. 

 

(a) 

 

 

(b) 

Fig. 1 Bundle type; a) PWR bundle type (QUENCH-06) [1], b) BWR 
bundle type (QUENCH-20) [2] 

RESULTS OF QUENCH-6 AND QUENCH-20 

During the QUENCH-06 test, the hydrogen generated when temperature increases, steam 
interacts with fuel cladding and generates hydrogen. The amount of generated hydrogen at 
the end of the test is 36 g (32 g before quenching and 4 g during quenching). In the 
QUENCH-20 test, the hydrogen source term is produced from: the oxidation of Zr claddings 
(temperature increases, steam oxidises the cladding), and the chemical reactions between 
B4C (10g of H2) and the steam.  

The chemical reactions of B4C with steam [2]: 
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   (1) 

   (2) 

   (3) 

Around 57.4 g (25.4 before quenching, 32 during quenching) of hydrogen was generated at 
the end of the test. As a result of the bigger amount of hydrogen generated during the 
QUENCH-20 test. The QUENCH-20 test bundle has more damage, strong degradation, and 
failure of the shroud than the bundle of QUENCH-06. Because BWR bundle type has more 
metal, taking into account B4C reactions and relocations. 

As a comparison showed that the boundary conditions of QUENCH-06 are similar to 
QUENCH-20 test boundary conditions – the same nodalization scheme of the RELAP part 
could be used for QUENCH-20 test model development.  

 

Fig. 3 Nodalization scheme of QUENCH experiment, developed for RELAP/SCDAPSIM 
[3]. 

SCDAP part for the QUENCH-20 test model will be changed according to the BWR type 
bundle and its materials. However, there are some challenges in modelling the BWR bundle. 
RELAP/SCDAPSIM severe accident code uses a modelling approach based on concentric 
rings to simulate fuel bundles of LWR. In the QUENCH-20 test is used a quarter of the BWR 
bundle, which geometry is rectangular. Another challenge is the existence of the absorber 
blades made from stainless steel and containing B4C pins inside. To overcome these 
challenges, some improvements would be made to the code models dedicated to the 
evaluation of the oxidation phenomena.  

CONCLUSIONS  

LEI has experience in modelling QUENCH tests which could be used for the new model 
development. For numerical model development of QUENCH-20, it was used experience 
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from QUENCH-6 modelling results. A comparison of QUENCH-06 and QUENCH-20 test 
results showed that both tests have similar boundary conditions and similar test phases. This 
indicates that the numerical model could be used already developed RELAP part. However, 
these tests using different bundle types and SCADAP parts in order to model BWR-type fuel 
assembly should be developed.  

A comparison of the QUENCH-06 and QUENCH-20 tests results showed higher hydrogen 
generation for QUENCH-20 by 40%. Also shroud at the end of QUENCH-20 tests was more 
significantly damaged. These results are due to B4C oxidation. RELAP/SCDAPSIM code 
does not have appropriate models to model these phenomena – model improvements or 
evaluation of additional energy release need to evaluate. These questions will be solved in 
the future.  

Keywords: QUENCH-06, QUENCH-20, RELAP/SCDAPSIM, numerical modelling 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

The finite difference and nodal methods are often used in the neutron community to solve 
the diffusion equation. A simple way to solve the neutron diffusion equation on a spatial 
mesh is to evaluate this equation at the mesh points by replacing the partial derivatives with 
finite differences [1]. The difficulty of generalising the finite difference method to the slow 
spatial convergence has led engineers to develop new spatial approximation methods, in 
particular nodal methods [1]. 

The nodal methods consist in solving the differential equations in three dimensions 
according to the x, y and z directions, and taking into account the balance equation. This 
resolution can be done analytically, using the analytical nodal method (ANM) [2], or by 
assuming a polynomial approximation of the unknowns, nodal expansion method (NEM) 
[3], [4]. In the case of the polynomial approximation, we introduce an approximation of the 
transverse leakage, either flat or quadratic. The balance equation allows, finally, to calculate 
the values of the integrated flux in the meshes𝜙 . The unknowns introduced in this 
formulation are the transverse leakage at the interface of the meshes and the flux in the 
meshes [5]. 

The scientific community has developed many open-source tools in order to analyse nuclear 
reactors. Some of these tools that have been published are VENTURE [6], CITATION [7], 
ADPRES [8], and OpenNTP [9]. The aim of this work is to present a deterministic 
calculation code developed by Fortran90 simulating the neutron diffusion in nuclear reactors 
that are based on nuclear fission. The code's name is OpenNode, it solves the 3D steady state 
of the multi-group neutron diffusion equation in Cartesian geometries. 

The main method integrated into OpenNode is the nodal expansion method (NEM), which 
discretises the space into a coarse spatial mesh (nodes) as large as a fuel assembly size. The 
best-known equation that relating flux and current is Fick's law. In order to develop for each 
node other equations relating nodal flux and partial currents to the faces of the nodes, a 
polynomial approximation of the flux is considered on the nodes by an expansion in 
polynomials up to order 𝑁 =  4 [10]. The advantage of NEM over other classical methods 
such as FDM (Finite Difference Method) is that it doesn't require a very fine mesh to obtain 
the computational accuracy, thus a reduction in computational cost [11]. The NEM allows 
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decreasing the number of unknowns by increasing the number of equations [12]. For this 
purpose, two other approximations have been added for each direction; the first is the 
weighted residual method to obtain two other balance equations, and the second is the 
quadratic transverse leakage approximation [13]. 

The code allows to calculate the effective multiplication factor 𝑘𝑒𝑓𝑓the neutron flux, the 
radial and axial power distribution in the nodes. Besides, a graphical user interface was 
developed by Python with f2py [14] and PyQt5 [15] to simply create the input file, run the 
source code, plot 2D figures, draw 2D and design 3D geometries using Blender [16]. 

To test the code, we compatibly compared the results calculated for the IAEA-2D benchmark 
[17] with those obtained by codes that use FDM as a computational method since they are 
considered a reference codes such as VENTURE. 

METHODS 

OpenNode code follows the same background theory of the neutron diffusion used in 
MOSRA-Light [11]. The basic neutron diffusion equation is (1). 

 �⃗� 𝐽 𝑔(𝑟 ) + 𝛴𝑟,𝑔(𝑟 )𝜙𝑔(𝑟 ) = 𝑄𝑔(𝑟 ). (1) 

Dividing the space into several k nodes and integrating the neutron balance equation along 
y and z leads to the following 1-D equation (2): 

𝑑

𝑑𝑥
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Where 𝑄𝑔,𝑥𝑘 and 𝐿𝑔,𝑦𝑘  are the average nodal source and leakage terms, respectively, in the x 
direction. 

In OpenNode, the 1-D neutron flux is approximated by 4th order polynomial expansion as 
follows (3): 
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The outgoing currents are calculated by the incoming currents, the total source, and the 
transverse leakage terms iteratively using the following response matrix equations (4) 

𝐽 𝑔
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Where [𝑃𝑔𝑘]  and [𝑅𝑔𝑘]  are the nodal coupling matrices that are defined by the node 
characteristics  

The transverse leakage term is approximated quadratically as follows (5): 
𝐿𝑔,𝑦
𝑘 (𝑥) ≈ 𝜌𝑔,𝑦

𝑘 (𝑥) ≡ 𝜌0𝑔,𝑦,𝑥
𝑘 + 𝜌1𝑔,𝑦,𝑥

𝑘 𝑓1(𝑥) + 𝜌2𝑔,𝑦,𝑥
𝑘 𝑓2(𝑥). (5) 
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RESULTS 

The techniques and methods developed above are incorporated into OpenNode code. The 
main window GUI (Graphical User Interface) of OpenNode on all Windows machines is 
given in Fig.1.  

 

Fig. 1. Main window of OpenNode 

The 2D-IAEA benchmark reactor is a 2-group LWR problem consists of 177 fuel 
assemblies, including 9 rodded fuel assemblies and a zone of water reflector with a vacuum 
boundary external. The width of each square assembly is 20 cm. The 2D and 3D radial 
visualisation of IAEA-2D geometry obtained by OpenNode is shown in Fig. 2 and Fig. 3, 
respectively.  

The 2D-IAEA benchmark data, detailed in [18], are defined in Table 1 as follows:  

Table 1. Material cross-section of each assembly for the IAEA-2D benchmark 

Zone Material Group 𝐷(𝑐𝑚−1) 𝛴𝑎(𝑐𝑚−1) 𝜈𝛴𝑓(𝑐𝑚
−1) 𝛴𝑠,1→2(𝑐𝑚−1) 𝜒 

1   Outer Fuel    1   1.5   0.01012  0    
  0.02  

 1  
     2   0.4  0.080032  0.135   0  
2   Inner Fuel    1   1.5   0.01012  0    

  0.02  
 1  

     2   0.4  0.085032  0.135   0  
3  Inner Fuel + 

Control Rod 
  1   1.5   0.01012  0    

  0.02  
 1  

     2   0.4  0.130032  0.135   0  
4  Reflector     1   2.0   0.00016   0    

  0.04  
 1  

     2   0.3  0.010024  0   0  
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Fig. 2. 2D-Radial Geometry of IAEA 

 

Fig. 3 3D-Radial Geometry of IAEA 

The 𝑘𝑒𝑓𝑓 calculated for the three different node sizes and two different polynomial orders is 
compared to the reference solution given in [17], and they are shown in Table 2. Table 3 
shows the distribution of normalised radial power calculated and the reference solution [17] 
for 5 × 5 𝑐𝑚2 mesh size.  

In Table 2. the 5 × 5 𝑐𝑚2 node size with 964 nodes and 2.7 sec as computational time NEM 
gives the same reference value of 𝑘𝑒𝑓𝑓 obtained with 147968 nodes and 4800 sec in running 
time. 

In Table 3. The highest error related to the power distribution in the core is 0.43, whereas 
the lowest value is 0. 
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The normalised radial scalar fluxes for both thermal and fast energy groups and the 
normalised radial power were represented in Fig. 4 and Fig. 5, respectively. 

Table 2. IAEA-2D effective multiplication factor 

Metho
d 

Polynomial 
Order 

Node Size 
(cm) 

Division
s 

Number of 
Nodes 

𝐶𝑃𝑈 𝑇𝑖𝑚𝑒 (𝑠) 𝑘𝑒𝑓𝑓 Error 

FDM   - 272 x 272 - 147,968  4,800    1.02958   Reference 
NEM 2 5 x 5 4 x 4 964  1.98    1.02932   0.02 
NEM  4 20 x 20 1 x 1 69  0.04    1.02948   0.009 
NEM   4 10 x 10 2 x 2 241  0.25    1.02960     0.001 
NEM   4 5 x 5 4 x 4 964  2.71    1.02958    0.0  

Table 3. Quarter core distribution of neutron power and 𝑘𝑒𝑓𝑓  the value is given by 
OpenNode for 5𝑋5 𝑐𝑚2 for 2D-IAEA test benchmark problem compared to those obtained 
by the FDM method 

 𝑘𝑒𝑓𝑓𝑐𝑎𝑙 

𝑘𝑒𝑓𝑓𝑟𝑒𝑓  

𝐸𝑟𝑟𝑜𝑟 

1.02958 

1.02958 

  0 

 
 0.755 

0.757 

0.26 

0.735 

0.737 

0.27 

0.692 

0.695 

0.43 

 0.934 

0.935 

0.10 

0.950 

0.951 

0.10 

0.975 

0.976 

0.10 

0.934 

0.935 

0.10 

0.950 

0.951 

0.10 

 0.935 

0.934 

0.10 

1.036 

1.035 

0.09 

1.070 

1.070 

0 

0.906 

0.906 

0 

0.685 

0.685 

0 

0.935 

0.934 

0.10 

 0.610 

0.609 

0.16 

1.069 

1.068 

0.09 

1.179 

1.178 

0.08 

0.967 

0.966 

0.10 

0.470 

0.471 

0.21 

0.610 

0.609 

0.16 

1.069 

1.068 

0.09 

 1.210 

1.208 

0.16 

1.314 

1.312 

0.15 

1.345 

1.343 

0.14 

1.192 

1.191 

0.08 

0.967 

0.966 

0.10 

1.210 

1.208 

0.16 

1.314 

1.312 

0.15 

 1.453 

1.450 

0.20 

1.479 

1.477 

0.13 

1.469 

1.467 

0.13 

1.345 

1.343 

0.14 

1.179 

1.178 

0.08 

1.453 

1.450 

0.20 

1.479 

1.477 

0.13 

1.469 

1.467 

0.13 

 1.309 

1.308 

1.435 

1.432 

1.479 

1.477 

1.315 

1.313 

1.069 

1.068 

1.309 

1.308 

1.435 

1.432 

1.479 

1.477 
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Fig. 4. ¼ Radial flux distribution for the thermal and fast energy group 

 

Fig. 5. ¼ Radial power distribution 

CONCLUSIONS 

The OpenNode nuclear reactor code has been developed to solve the multi-group steady-
state neutron diffusion equation in multi-dimensions. OpenNode uses the second and fourth-
order nodal expansion methods to expand the flux and second order to expand the transverse 
leakage. A GUI application has also been developed. A GUI application has also been 
developed to make the code easier to use for the user. 

To test the computational accuracy in OpenNode, the IAEA-2D benchmark was applied as 
a test problem. The results of the NEM used in OpenNode showed the reasonable accuracy 
obtained compared to the FDM used in the VENTURE reference code. The good agreement 
between OpenNode and the reference was achieved when the mesh became fine, and thus 
the errors related to power and 𝑘𝑒𝑓𝑓 become very close to the reference values, except that 
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the nodal methods do not require extensive discretisation like the classical methods such as 
FDM to get close to the exact values  

Keywords: Neutron diffusion equation, nuclear fission, nodal methods, flux, current, node, 
mesh, assembly, GUI. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

To counter the rising energy demand of humanity, a new energy source – fusion – is being 
researched. So far, for tokamak-type reactors, the record power gain (fusion power relative 
to input heating power) of 0.67 is held by JET. A new fusion reactor ITER is being built in 
France, with the first plasma scheduled in 2025. ITER tokamak is unique because it will 
have a tenfold return of energy, thus being the first fusion reactor to have positive net power. 
[1] 

The fuel to be used in ITER will be a deuterium (D) and tritium (T) mixture. Safety 
regulations require observations of T retention in plasma-facing components since T is 
radioactive [2]. Therefore, it is necessary to develop diagnostically methods to measure fuel 
retention in walls of ITER. One such method suitable for use in ITER is laser-induced 
breakdown spectroscopy (LIBS).  

The exact calibration of LIBS for ITER conditions is very difficult since it requires 
measuring a large variety of different samples with varying elemental compositions 
mimicking plasma exposure times and wall materials at different positions on the reactor 
wall. That is why calibration-free LIBS (CF-LIBS) is considered. 

The application of CF-LIBS requires the fulfilment of certain conditions in the laser-induced 
plasma, and deviation from these conditions might lead to erroneous results. The aim of this 
work is to estimate the fulfilment of one such necessary condition for CF-LIBS: local 
thermodynamic equilibrium (LTE). 

METHODS 

LIBS apparatus (Fig. 1) uses a powerful laser pulse which is focused on a small spot on the 
investigated material. A small amount of the material is ablated and heated into a plasma 
plume by the laser beam. The plume emits light characteristics to the investigated material, 
and the emission spectrum of the plume is then used to determine the elemental composition 
of the material. 

Experiments were carried out in an argon environment at 3, 100 and 760 Torr pressure. The 
used laser was Nd: YAG laser working on the second harmonic at 532 nm. The laser pulse 
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of 8 ns duration and 60 mJ energy was directed normally to the target. The pulse was focused 
onto a spot with a diameter of 0.4 mm. The investigated material was molybdenum (Mo) 
with hydrogen (H) impurities to simulate ITER-relevant materials with D and T. Spectra 
were recorded at delay times from 200 ns to 6 µs after the laser pulse and at different 
distances from the target depending on the plume expansion. The optical fibre collected light 

perpendicularly to the laser pulse path. 
Fig. 1. The experimental setup of LIBS. 

The spectra were recorded in the range of 647-667 nm. There were approximately 40 Mo 
lines which were fitted with Gaussian contours, and Hɑ line was fitted with Lorentzian 
contour. Plasma electron density was calculated from Stark broadening of Hɑ line and 
electron temperature with Mo lines from the Saha-Boltzmann plot. 

RESULTS 

The first criterion for the existence of LTE (Fig. 2) is that electron collisions dominate the 
energy exchange with the neutrals and ions. The lower limit of electron density for that 
criterion depends on specific elements and is dictated by the McWhirter criterion [3]. In 
these experiments, the order of magnitude for necessary electron density was 10-16 cm-3 for 
Mo and 10-17 cm-3 for H. Experiments showed that the McWhirter criterion was better 
fulfilled at higher gas pressures and smaller delay times and closer to the surface of the 
investigated material. The criterion wasn't fulfilled for H at any time or distance at 3 Torr 
and lower pressures. 

The second criterion for the existence of LTE is that the relaxation time of plasma (excitation 
and ionisation equilibria) must be 10 times shorter than the variation time of electron density 
and temperature [3]. The relaxation time for Mo is in order of 10 ns, but for H, in order of 
100 µs. The condition was fulfilled at all investigated conditions for Mo but never for H. 
Moreover, the relaxation time determines the timespan which is needed for plasma to reach 
LTE. Therefore, it is impossible to reach LTE at the delay times relevant to LIBS (up to 10 
µs). Temperature satisfied this criterion better than electron density. 

The third criterion for the existence of LTE is that during the plasma relaxation time, the 
diffusion lengths of ions and atoms must be 10 times shorter than the various lengths of 
electron density and temperature [3]. During the previously specified relaxation times, the 
diffusion length is in order of 1 µm for Mo but 100 µm for H. The order of magnitude of 
plume dimensions was 1 mm. The criterion was best fulfilled at lower pressures and closer 
to the investigated material. The variable length of temperature satisfied this condition better 
than the variable length of electron density. Both variation time and length criteria were 
fulfilled at qualitatively similar delay times and distances from the target. 
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Fig. 2. a) Logarithmic heat map of the total intensity of the plasma plume 
at 100 Torr gas pressure. This can be used to estimate the location and 

size of the plasma plume. b) Qualitative heat map for relative fulfilment 
of 3 necessary conditions for LTE at 100 Torr gas pressure. Value of 1 
means best-fulfilled LTE (not necessarily fulfilled LTE), and 0 means 

least fulfilled LTE. 

CONCLUSIONS 

Occasionally CF-LIBS might determine erroneous hydrogen isotope concentrations. The 
results show that one source of such errors is the deviation from LTE. Further research is 
ongoing to find the optimal experimental setup for CF-LIBS in ITER conditions and to 
characterise the relation between the accuracy of CF-LIBS and the deviation from LTE. 

Keywords: Laser Induced Breakdown Spectroscopy; hydrogen isotope determination; ITER 
relevant coatings; local thermodynamic equilibrium 
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ABSTRACT 

Nuclear data libraries are an essential part of the neutron transport calculations as 
they provide the probabilities for neutron and nuclides interactions. The KENO 
module of the SCALE code was applied in this study as the tool for neutron 
transport calculations using both continuous energy and multi-group cross-section 
data libraries. The presence of resonance self-shielding effect, both energy and 
spatial, plays an important role in neutron transport calculations. The rigorous 
treatment of the resonance self-shielding effect requires the calculation at extremely 
fine mesh points, which is achieved by applying the continuous energy library. The 
multi-group data library is processed from the point-wise data of the continuous 
energy library by collapsing cross-sections into 252 group’s structure. The 
approximations and assumptions made using a multi-group data library can cause 
an inaccurate result in neutron transport calculations for heterogeneous systems 
such as the RBMK-1500 fuel assembly. Thus, the multi-group library calculation 
results were compared with the continuous energy library calculation results for 
benchmarking purposes. Found discrepancies between calculations are 
demonstrated and explained by comparing separate nuclide reaction rates. 

Keywords: Resonance self-shielding, continuous energy, multi-group, RBMK, SCALE 
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INTRODUCTION 

The neutrons distribution in terms of energy, time and space in a nuclear reactor determines 
the behaviour of a nuclear reactor [1]. The evaluation of a nuclear reactor in terms of neutron 
spectrum requires solving the neutron transport equation or neutron diffusion equation 
considering the absorption rate of neutrons in a medium [2]. It is worth mentioning that the 
more accurate nuclear data results in lower uncertainties of neutron transport calculation. 

Continuous energy (CE) and multi-group (MG) energy are two types of neutron cross-
section libraries that can be used for deriving information such as neutron spectrum, 
eigenvalue, and reaction rates [3]. The neutron transport calculation using CE cross-section 
requires large computer resources for processing the calculations as it considers a large 
number of energy points [3]. On the other hand, MG cross-sections using average energy 
upon energy points require lower computer memory while it contains lower accuracy 
compared with CE cross-sections. Therefore, high-fidelity MG cross-sections are required 
for neutron transport calculations to do the analysis in a shorter time with a smaller storage 
space of computers. 

The neutron transport calculation using MG cross-section can cause errors compared with 
CEs cross-section calculation, especially for heterogeneous systems. To explain the origin 
of these errors, it is worth mentioning that the nuclear reaction rate plays an important role 
as the basic parameter for neutronic analysis. This parameter provides information about the 
number of generated and absorbed neutrons in all directions in a unit volume per second. 
The reaction rates in any medium are directly proportional to the flux in those medium and 
microscopic cross-sections. However, the determination of neutron flux and these cross-
sections for a group of energy points is the main problem of neutron transport calculation. 
This difficulty comes from the interaction of the neutron with the different types of materials 
in a fuel assembly. 

Different materials absorb neutrons and, in such a way, shield each other from the neutron 
flux. Even the same material, due to high absorption cross-sections and neutron absorptions 
in outer layers, can self-shield its inner layers of neutron flux. Such depression of flux is 
especially dramatic around resonance peaks of microscopic cross-sections. This is the so-
called resonance self-shielding effect that is very important for neutron spectrum 
determination. In the case of CE data library is applied, the resonance self-shield effect is 
computed directly by applying fine mesh cross-sections with values for each resonance. 
However, the MG data library contains cross-sections with values averaged over separate 
resonances. In such a case, the effective cross-sections must be prepared for neutron 
transport simulations considering the neutron flux depressions (neutron spectrum) due to the 
resonance self-shielding effect [4]. However, the neutron spectrum itself depends on the 
effective cross-sections. 

CE nuclear data containing a huge number of energy points for each reaction per each 
nuclide provides the highest fidelity library, which is known as reference nuclear data [5]. 
In contrast, the use of the MG cross-sections library with fewer energy points requires some 
approximations and assumptions to simplify the calculations and to solve the neutron 
transport equation with multi-group energy ranges. The approximations are needed to 
estimate the neutron spectrum [6]. A uniform distribution of neutrons in the fuel assembly 
is assumed [6]. The dancoff factor (DF) coefficient is introduced in the simulation to modify 
the resonance self-shielding effect on neutron transport calculation using MG cross-sections. 
The user can choose to use either standard DF (DFs) or user-defined (DFu) [6]. DFs are 
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estimated assuming the simplified fuel pin in the infinite array model. Meanwhile, DFu is 
estimated using the MCDancoff module of SCALE code considering the real problem 
geometry. Since the RBMK-1500 fuel assembly is very heterogeneous, the application of 
DFu in the neutron transport simulation using MG data libraries provides more accurate 
results compared with DFs [7]. 

This paper discusses the neutron transport calculations using both CE and MG cross-section 
data libraries for RBMK-1500 fuel assembly. The discrepancies between calculations are 
demonstrated and explained by comparing separate nuclide reaction rates. 

MODELLING PARAMETERS OF RBMK-1500 FUEL ASSEMBLY  

The neutron multiplication factor (k-effective) is a scalar quantity that is obtained from the 
solution of the neutron diffusion equation. This quantity describes the neutron population in 
a system with three different values of less, higher than 1 or equal to 1, representing, 
accordingly, a subcritical, supercritical, or critical system [8]. The k-effective was calculated 
using SCALE 6.2.3 code (KENO module) using both CE and MG cross-sections libraries 
for RBMK-1500 fuel assembly assuming normal operating conditions. 

The RBMK-1500 fuel assembly contains 18 fuel rods in two rings in which 6 and 12 fuel 
rods are placed in the first (internal) and second (outer) rings, accordingly (Fig. 1). The fuel 
pellet has an outer diameter of 1.152 cm. The outer diameter of the cladding and its 
thicknesses are 1.36 cm and 0.9 cm, respectively. The diameters of the gap and the central 
holes are 1.17 cm and 1.2 cm, while the inner and outer diameters of the fuel channel are 
8 cm and 8.8 cm, accordingly. The fuel assembly is placed in a square block of graphite, 
which size is 25*25 cm. The distance between the fuel assembly centre and the ring of inner 
fuel pins is 1.6 cm, while the distance between inner and outer fuel rods is 1.608 cm. The 
centre-to-centre distance of the fuel rods in the fuel pin rings is 1.59 cm. 

The materials of RBMK-1500 fuel assembly (FA) were categorised in 11 mixtures as below 
[9]: 

- Mixtures 1 and 2 fuel pellets in inner and outer rings. 
- Mixtures 3 and 4, gas material in the gap between fuel pellet and cladding. 
- Mixtures 5 and 6, cladding material. 
- Mixtures 7, gas material inside the central hole. 
- Mixtures 8 and 9, coolant material inside inner and outer rings of fuel pins. 
- Mixture 10, graphite block. 
- Mixture 11, FA structure material. 

The resonance self-shielding processing in the case of MG cross-section use is performed 
considering the triangular pitch configuration of fuel pins (two outer and one inner pin), 
which has infinite repetition. Thus, the resonance processing is performed only for mixtures 
1-6, and 8-9 in such case as the materials of central whole (CH) gas, FA structures and 
graphite block isn't included in this triangular pitch. The cross-sections for these materials 
are applied in the neutron transport simulations considering the infinite homogenous 
conditions. 

The considered assumptions for calculation of neutron multiplication factor for RBMK-1500 
fuel assembly are as follows [9]: 

- Mixtures 1 and 2: Uranium dioxide, U-234 (0.021%), U-235 (2%), U-236 
(0.0018%), U-238 (97.9772%), temperature – 1000 K, density -9.596g/cc. 
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- Mixtures 3 and 4: He, temperature -1000 K. 
- Mixture 5 and 6: Zr (98.9264%), Nb (1%), Hf-178 (0.04%), Fe (0.018%), Ni 

(0.011%), Al (0.0046%), temperature - 575 K, density- 6.55 g/cc. 
- Mixture 7: He, temperature -575 K. 
- Mixture 8 and 9: H2O, temperature – 557 K, density – 0.5 g/cm3. 
- Mixture 10: C- graphite, temperature 750 K, density 1.7051- g/cc. 
- Mixture 11: Zr (97.4264%), Nb (2.5%), Hf-178 (0.04%), Fe (0.018%), Ni 

(0.011%), Al (0.0046%), temperature – 557 K, density – 6.55 g/cc. 

 

Fig. 1. Schematic illustration of RBMK-1500 fuel assembly. 

The neutron multiplication factor and reaction rates for both CE and MG cross sections 
libraries simulations were estimated considering 10000 generations and 10000 neutrons per 
generation. 

The deviation of reactivity between CE and MG calculations (equation 1) was decomposed 
to separate reactivity differences for separate geometry regions and separate isotopes using 
absorption and neutron production reaction rates (equation 2). Equations 1 and 2 are derived 
from the neutron multiplication factor per generation (𝑘𝑒𝑓𝑓 ∑𝑖 𝑃𝑖

∑
𝑖 𝐴𝑖

) and reactivity definition 

(ρ=1-1/keff) as below: 
 ∆𝜌 = 𝜌𝑢𝐷𝐹 − 𝜌𝐶𝐸 =

𝑘𝑖𝑛𝑓.𝑢𝐷𝐹−𝑘𝑖𝑛𝑓.𝐶𝐸

𝑘𝑖𝑛𝑓.𝐶𝐸∗𝑘𝑖𝑛𝑓.𝑢𝐷𝐹
∗ 105. (1) 

 

 ∆𝜌𝑖 = ∑𝑖 ∆𝜌𝑖 = ∆∑𝑖 (1 −
1

𝑘𝑖𝑛𝑓
) = ∑𝑖

𝐴𝑖.𝑢𝐷𝐹 ∑𝑖 𝑃𝑖,𝐶𝐸−𝐴𝑖,𝐶𝐸∑𝑖 𝑃𝑖,𝑢𝐷𝐹

∑𝑖 𝑃𝑖,𝐶𝐸∗∑𝑖 𝑃𝑖,𝑢𝐷𝐹
. (2) 

Where k, ρ, Ai, and Pi, are ascribed to neutron multiplication factor, reactivity, neutron 
absorption and production rate in different geometry regions or for individual nuclides, 
respectively. The index of i refers to the reaction rate. 

RESULTS 

Neutron transport simulations can be performed using CE and MG cross-section libraries. 
However, applying the MG cross-sections library in neutron transport calculations for the 
RBMK-1500 case represents inaccurate results in comparison with the CE cross-sections 
library as reference nuclear data. In this section, the origin of the resulted discrepancies in 
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neutron multiplication factor calculation using both MG and CE cross-section libraries for 
RBMK-1500 fuel assembly using SCALE code is discussed. 

The reactivity is a scalar quantity, which is used to describe the deviation of k-eff in more 
convenient units. The positive reactivity difference points out the increase of the k-eff value, 
while the negative – the decrease. In our study, the positive reactivity difference means the 
overestimation of the k-eff value in the DFu case in comparison with the reference CE case, 
while the negative difference – is the underestimation of the k-eff value. 

The total reactivity difference and differences for separate regions of RBMK-1500 fuel 
assembly are seen in Fig. 2. The total reactivity difference is 270 pcm in which the fuel 
assembly structures (both central hole and fuel assembly channel) (156 pcm), and outer fuel 
(134 pcm) regions have the highest contribution to the total discrepancy. 

The interpretation of reactivity differences is more complicated as it is related to deviations 
of both fractional absorptions and k-eff values. The interpretation of reactivity differences 
for separate geometry regions is following: if fractional absorption for a geometry region 
changed relatively more than the k-eff value, then this absorption change is a contributing 
factor to the change of neutron multiplication factor. The fractional absorption increases 
show that more neutrons are absorbed in that geometry region, thus it contributes to the 
negative reactivity difference if the neutron multiplication factor increases or decreases in a 
relatively lower ratio. And vice versa, the fractional absorption decrease shows that fewer 
neutrons are absorbed in that geometry region, thus it contributes to the positive reactivity 
difference if the neutron multiplication factor decreases or increases in a relatively lower 
ratio. 

The fractional absorption for fuel assembly structures decreases by 7.6% from the value of 
0.02757 for the CE case to the value of 0.025612 for the uDF case. Fewer neutrons are 
parasitically absorbed in non-fissile regions of the fuel assembly and can participate in 
fission reactions. Thus, this change influences the increase of k-eff, and the positive 
reactivity difference is estimated for this region. 

The change of the fractional absorption for outer fuel pins isn't so significant: it increases by 
0.06% from the value of 0.615838 for the CE case to the value of 0.616236 for the uDF case. 
As this increase is still lower than the increase of k-eff, it produces a positive reactivity 
difference. 



278 
 

 

Fig.2. Reactivity differences for FA geometry regions 

Fig. 3 shows the reactivity difference in each energy group and the summing of reactivity 
differences beginning from the lowest energy group and continuing towards the highest 
energy group. In the epithermal range of neutron spectrum energy, some fluctuations are 
seen. The first group of fluctuations sums up to zero, while the reactivity differences in the 
second group of fluctuations sum up to 22 pcm. The sharped increase of reactivity 
differences appears in the fast energy range of the neutron spectrum. 

 

Fig. 3. The reactivity differences for energy groups 
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The reactivity differences for outer fuel and fuel assembly structure regions in each group of 
energy and the summation of it are presented in Fig. 4. The reactivity differences are positive 
for both regions. The patterns of the change of reactivity difference for the fuel assembly 
structure and outer fuel regions are similar to the total reactivity difference (Fig. 4). Three 
groups of fluctuations are seen in energy ranges of 0.01 eV -1 eV, 5 eV – 143 eV and 
> 143 eV. The last one is the most important energy region as it contributes a significant part 
of the total positive reactivity difference. 

 

Fig. 4. Reactivity differences over energy for outer fuel region (at the left 
side) and fuel assembly structure (at the right side) 

Fig. 5 illustrates the reactivity differences of fuel assembly structures region that is 
mainly influenced by the reactivity changes of Zr-91 (70.2 pcm), Nb-93 (22 pcm), Zr-92 
(18.5 pcm), Hf-178 (14 pcm), Zr-90 (13 pcm), Zr-96 (10 pcm) and Zr-94 (8 pcm) nuclides. 
The highest reactivity difference in the fuel assembly structures appears for the isotope of 
Zirconium (Zr-91) at 70.2 pcm. The reaction rate of Zr-91 is discussed in Fig. 6 to understand 
the origin of the highest contribution of Zr- 91 in reactivity difference in the fuel assembly 
structure. 

 

Fig. 5. Reactivity differences for separate nuclides in FA structures 
regions 

According to the given results in Fig. 6, the main contributor to absorption reaction rate 
change is the change of cross-sections. These changes in cross-sections are mostly seen in 
the epithermal region (resolved resonance range), where the resonance self-shielding effect 
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is a remarkable factor in the generation of the discrepancies. It happens because the MG 
cross-sections of Zr-91 aren't included in the resonance self-shielding processing as the 
mixture 10 material is outside the triangular pitch described in the methodology section. The 
mixture 10 is assumed as an infinite homogenous material with a uniform distribution of 
neutrons in such a case. Thus, the cross-sections aren't processed and applied directly in 
simulations. The same explanation is applicable for other nuclides in mixture 10. 

 

Fig. 6. Zr-91 (FA structures) ratios 

CONCLUSION 

In this study, the reactivity difference between neutron transport simulation cases with the 
application of CE and MG cross-sections for RBMK-1500 fuel assembly is discussed. The 
total estimated reactivity difference resulted at 270 pcm. The regions of the fuel assembly 
structure and the outer fuel showed the highest contribution of 156 and 134 pcm, 
respectively. In the region of FA structures, the isotope of Zr-91 showed the highest 
contribution to the positive reactivity. It is concluded that the reactivity difference for Zr-91 
and fuel assembly structures in total appears due to the missed involvement of this mixture 
in the resonance self-shielding processing. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

To increase the primary beam intensity in the next generation of ion beam installations, the 
production of targets capable of dissipating high beam power, especially for molten targets, 
is a major challenge. In that context, a direct molten loop concept was proposed for short-
lived isotopes by EURISOL. To validate this concept, a target prototype was designed and 
assembled, called LIEBE (Liquid Eutectic lead Bismuth for EURISOL), in the ISOLDE 
operation environment [1]. 

LIEBE is a prototype liquid metal target aimed at solving issues of accommodating a high-
power ion beam and ensuring adequate extraction of short-lived radioisotopes. LIEBE will 
use a lead-bismuth eutectic circulating in a 200 °C – 600 °C temperature loop. The eutectic 
will be driven by an electromagnetic pump to an irradiation chamber, where it will be 
subjected to the high-power proton beam. Irradiated eutectic will then fall through a grid, 
which will fragment it into 0.4 mm diameter droplets, into the diffusion chamber [2]. The 
diffusion chamber is designed to accommodate the fast extraction of radioisotopes from the 
falling metal droplets. Excess heat deposited by the proton beam will be removed by the 
water-cooled heat exchanger. 

METHODS 

The MCNP code was used for the numerical studies required for the nuclear analysis of the 
LIEBE target. Using the MCNP code, the activity of radioactive sources, the intensity and 
spatial distribution of the emitted radiation, the activation of irradiated materials, the heat of 
fission, and other parameters characteristic of the nuclear analysis can be estimated. MCNP 
allows transport simulations to be performed for all particle types over the entire energy 
range. One of the many applications of the MCNP code is in the production and destruction 
of isotopes by accelerators. The usefulness and accuracy of the MCNP code in this area have 
been already demonstrated [3, 4]. 

The geometry model of the LIEBE target was available in CAD file format, which is not 
suitable for direct use as MCNP data input. The CAD geometry model of the LIEBE needed 
to be converted. The conversion was done using the SALOME software McCAD [5] module, 
which is a Monte Carlo CAD-based tool used to convert CAD drawings to the MCNP, 
TRIPOLI, and Geant4 codes geometries. Nevertheless, before the conversion, the CAD 
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model had to be manually decomposed (see Fig. 1), and since the CAD model of the target 
was complex and detailed, many elements of the model needed to be manually modified. 
These modifications were primarily spline and torus surface approximations with cylinders 
and planes (see Fig. 2). 

Fig. 1. Examples of component decompositions. 

Fig. 2. Examples of component approximations. 

RESULTS 

To calculate the distribution of neutrons and gamma-rays in and around the target, a proton 
beam falling on the LIEBE target was modelled using the MCNP code to simulate the proton 
beam interaction with the target. FENDL-3.1 cross-section data library was used. The proton 
flux distribution after the impact and resulting nuclear reactions were modelled. 

Cross-sections of 208Pb (p, n) and 208Pb (p, g) reactions reach 10 barns, therefore, neutrons 
and gammas of a wide energy spectrum are generated. To evaluate radiological processes in 
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the target and surrounding environment, it is necessary to model the resulting distributions 
of neutron and gamma radiation. 

Obtained neutron and gamma distribution in the LIEBE target and its surroundings are 
presented in Fig. 3 and Fig. 4. The study revealed that, while the most intense neutron and 
gamma fluxes are localised to the proton beam and target interaction location, most of the 
device is transparent to them and high fluxes are present in the nearby environment as well, 
in part due to fraction of proton beam reaching locations under the target (see Fig. 5) in case 
of considered beamline radius 𝑟 = 1.0 cm. However, to qualitatively estimate resulting 
doses further, more elaborate simulations are required, which are planned for the nearest 
future. 

 

Fig. 3. Neutron flux distribution in the LIEBE target, [#/cm2/s]. 

Fig. 4. Gamma flux distribution in the LIEBE target, [#/cm2/s]. 
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Fig. 5. Monoenergetic (70 MeV) proton beam distribution in the LIEBE 
target, [#/cm2/s]. 

CONCLUSIONS 

Preliminary results revealed that the developed model is suitable for further and more 
detailed simulations, which would enable to quantitatively evaluate possible doses and 
interactions on the microscopic scale. In addition, from the obtained neutron and gamma 
flux maps, the proton beam window should be revised since part of the beam penetrates 
under the LIEBE target construction. This leads to more widely distributed gamma and 
neutron fluxes. Therefore, from a radiation safety perspective, certain biological safety 
measures will be evaluated in the future under this study. 

Keywords: Monte Carlo, MCNP, LIEBE, proton beam 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

The technical condition of the hydropower machinery and equipment - is a set of technical 
parameters characterizing possible deviation from the operating standards of the installation, 
which in turn may result in possible malfunctions. First vibration increases, and then the 
noise, temperature, and finally, the smell of smoke and residue seeps out.  

In the tasks of technical monitoring and diagnosis, there are two possible approaches to 
controlling the technical condition of the machinery and equipment.  

The first approach is to organize permanent control over changes in the representative 
parameters of the hydropower machine (trends in these changes). Changes in these 
parameters characterize changes in the technical condition of the hydropower machinery and 
equipment during operation in order to indicate the time at which the rate of deterioration of 
the technical condition becomes critical. The representative parameter refers to, for example, 
the total levels of vibration or noise, or the levels of their spectral constituents, total vibration 
energy, temperature, pressure, electrical current, voltage, etc. 

The second approach (test check) is based on casual control of the representative parameters 
of the technical states and their comparison with the limit values, which in turn are 
established on the basis of a large number of previous diagnostic experiments. The test 
control method should be used to determine the technical states of the hydropower 
machinery and equipment, as well as to identify those hydropower machines and parts that 
are in critical condition [1]. 

METHODS 

Today, a complete vibroacoustic diagnosis is made using the theory of identification.  

It is assumed that the technical object exists in the finite set of the technical conditions – S. 
From this set of technical conditions, there are extracted two subsets:   – a subset of 
workable technical conditions and  – a subset of unworkable technical conditions.   

The vibroacoustic diagnosis procedure is divided into three parts: 

mailto:Datodzadzamia1@gmail.com
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The first stage is to address the general problem of acceptability of the equipment, and with 
that in mind, the technical condition pertains to the subset or . 
Mathematically, this process has the following form:   
 If +  is acceptable (1) 

 If +  is unacceptable (2) 

Where  is a vector of the output measuring parameter, - is a vector corresponding 
with the reference parameter, and - is a permissible deviation from a reference value. If 
even only one parameter is obtained from a permissible value, the object is considered 
unworkable and unacceptable, and the objective technical condition moves into the
subset.  

The second stage is to address the analysis of the technical conditions. At this stage, a new 
coefficient of performance is introduced. To do so, by means of   there is determined the 
zone, where the existing technical condition is at this moment in time. Coefficient of 
performance is . The higher is performance C, the closer it is to 1. 
Mathematically, this can be expressed in the following form:  

  (3) 

Where is a coefficient of performance? If , the object is unacceptable, if
, its state is considered a reference. If , the object has a too high 

a coefficient of performance if , we have too low of performance, 
and if – high coefficient of performance, and if 

– too high coefficient performance.  

The third stage is to address which class of technical condition the object pertains to in 
accordance with the existing defects. This is expressed in the following formula:  
    (4) 

Where are the symptoms, which are obtained as a result of developing signal obtained 
from measuring  - is a reference value, which is placed in the algorithm of diagnosis.  

Mathematically, the algorithm of identification has the following form:  
 If - there is no defect  (5) 

 If – there is a defect. (6) 

 Here is a limiting value, and these values have been obtained statistically and 
experimentally. If the vibration level is doubled, this already points to the existence of the 
defect [2].  

RESULTS 

In Mathcad, there are the “detrend” and “predict” functions for identifying trends in changes 
and forecasting these changes (Burg's function based on the Autoregression method), which 
produce good practical results [4]. For illustrative purposes, let us use these functions, for 
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example, to stop the process at any point in time on the simulated signal below (Fig. 1) and 
make a prediction of the expected points and find the trend (Fig. 2). 

  (7) 

 

Fig.1 Simulated signal 

 

Fig. 2.  Predicting and trends of the interrupted signal of the expected 
points 

As we can see, this method predicts very accurate based on the process itself. In real systems, 
if there is any pattern in the process, the method reveals the pattern and uses it to predict the 
expected points of the process with high precision. Let us use this method to predict the 
trends in a change in the total vibration level (dB) of the bearing of the hydropower unit 
turbine and the expected changes [3]. 
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Fig. 3 The example of determining the technical states and predicting the 
trends 

As soon as degradation processes begin in the bearing, the method provides a prediction of 
the signal coming from the sensor and determines the trend, indicating the operator for the 
necessary actions. This approach is ideal for process automation, especially since intensive 
work is currently underway to create automated control systems using vibration signals. 

CONCLUSIONS 
 The introduction of the vibroacoustic diagnosis and monitoring systems will 

allow us to control any process in the hydropower units and detect any 
malfunctions from the very first stage of origin of the fault 

 Mathcad can be successfully used not only as an aid but also as a programming 
environment for building the complete diagnostic systems for the mechanical 
systems; 

 The use of monitoring and diagnosis methods during the operation of the 
hydropower machinery and equipment allows for reducing the cost of operation 
through savings in spare parts and petrol, oil and lubricants, as well as to increase 
the efficiency of the unit in production conditions by excluding unreasonable 
shutdowns. 

 The use of diagnostic methods in automated production allows us to 
continuously control the accuracy parameters of technological processes, which 
is a guarantee of high-quality product output.  

Keywords: hydropower unit, Vibroacoustic diagnostics, MathCAD software. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Nowadays, the growth of the population worldwide and, at the same time, intensifying the 
industrialization process causes higher energy demand and higher waste generation. Such 
predominant factors lead to environmental challenges, such as pollution of water, air and 
soil, and climate change in a general way [1, 2]. Waste generation became an integral and 
custom part of daily activities. But at the same time, waste management remains an issue. 
Recently, plasma technologies have gained attention as a possible way for waste conversion 
into valuable products, including syngas, which could contribute to the fulfilment of growing 
energy demands [3, 4]. However, these technologies are not yet fully developed and require 
further research at the laboratory scale. Thus, before the plasma technology application for 
material conversion, it is essential to determine the parametric characteristics of the plasma 
torch (PT). Such determination helps to guarantee a stable operating mode since each PT has 
its unique voltage-current characteristics (VCC) under plasma torch geometry, type of 
working gas used, and flow rate. Accordingly, VCC is the most relevant characteristic of the 
plasma arc, helping to establish optimal plasma generator parameters [5]. Consequently, the 
aim of this work is to analyse the impact of two different types of plasma-forming gases 
(water vapour and air) on the electrical and thermal characteristics of the plasma torch.  

METHODS 

The electrical and thermal characteristics of the plasma torch were generalized using the 
theory of similarity. The generalization of the electrical characteristics of the PT was made 
by applying equation (1): 

 
                                                  , 

(1) 

where U – the arc voltage (V), d – the anode diameter (m), I – the arc current (A), G – the 
total gas flow rate (g/s), A – the coefficient, and m, n – the exponents are constant values 
depending on the construction and operating regime of the plasma torch [6,7]. 

The generalization of plasma generator thermal characteristics is similar to the generalization 
of the electrical characteristics (Eq. 2):  

mailto:Mindaugas.Aikas@lei.lt
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                                                     , 

(2) 

where ῆ – the integral coefficient of heat transfer, B – the coefficient established from the 
dependence of efficiency from the arc current [6, 7]. 

The operation of the PT was determined at variable ranges of the current and voltage used. 
The main operational characteristics of the plasma torch are summarized in Table 1: 

Table 1. The experimental parameters of the plasma torches  

Plasma forming gas Water 
vapor Air 

Gas flow rate (g/s) 2.40-4.65 2.23-4.45 
Arc current (A) 180-220 160-220 
Arc voltage (V) 295-335 194-263 

Arc power (kW) 54.0-72.6 32.16-
52.58 

Plasma torch efficiency, η 
(%) 52.3-73.2 47.7-63.0 

RESULTS 

The generalization of the electrical plasma torch characteristics was carried out and is shown 
in Fig. 1. The general equations of VCC were deduced based on the theory of similarity and 
are given below.  

Plasma-forming gas is water vapor: 

 . (3) 

Plasma-forming gas is air: 

 . (4) 

 

Fig. 1. The generalized water vapor and air plasma torches VCC 
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These electrical characteristics of the plasma torch help identify and choose the working 
parameters of the PT, which will guarantee the most stable operation of the system.   

The generalized thermal characteristics of the plasma torch operating on water vapor or air 
are provided in Fig 2. The general equations of the PT thermal efficiency were determined 
according to the theory of similarity and are expressed below: 

 . (5) 

Plasma-forming gas is water vapor: 

 . (6) 

Plasma-forming gas is air: 

 
; 

. 

(7) 

 

Fig. 2. The generalized thermal characteristics of the water vapor and air 
plasma torches 

These characteristics help optimize the energy losses of the plasma process, taking notice of 
not only the total energy losses identified by plasma torch voltage-current characteristics. 

CONCLUSIONS 

The electrical and thermal characteristics of the plasma torch were investigated by applying 
the principles of similarity theory. The generalized voltage-current characteristics in both 
cases (water vapor plasma and air plasma) showed a quite equivalent distribution of the 
measuring points, indicating a stable work of the PT. The plasma torch thermal efficiency 
varied between 52.3-73.2 % at the current range of 180-220 A when water vapor was used 
as a plasma forming gas. Meanwhile, 47.7-63 % PT thermal efficiency was received at the 
current 160-220 A range when the air was used to form a plasma environment. Thus, 
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obtained results indicated that the water vapor plasma torch showed more efficient operating 
results. 

Keywords: thermal plasma, plasma torch, water vapor, air  
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Hydrogen is a valued resource for nowadays industry. As a fuel, it produces large amounts 
of energy and creates water during the process, unlike most other polluting energy sources. 
However, the safe use of hydrogen requires reliable tools able to accurately predict 
combustion. This study presents the implementation of an artificial neural network (ANN) 
of the laminar burning velocity (LBV) of hydrogen into CFD solver flameFoam. ANN is 
expected to provide more accurate predictions than currently available correlations. Original 
ANN was created in previous work [1]. However, while it showed a low prediction error and 
a high R-squared value of approximately 0.98, it was too large for CFD applications since 
the calculations took too long. Therefore, based on the original model, a faster but still 
accurate ANN was developed and implemented into flameFoam. Paper presents the 
adaptation of the original ANN into a CFD-applicable version and the initial test results of 
the CFD-ANN simulation. 

METHODS 

The original ANN consisted of 4 layers with 40, 50, 30, and 10 weights. For the model to be 
applicable with CFD, the number of weights, and correspondingly required arithmetic 
operations, had to be reduced. After numerous test models, faster ANN consisted of 4 hidden 
layers with 7, 10, 7, and 5 weights. 

To maintain high accuracy with a lower number of weights, other modifications had to be 
implemented. The first hidden layer was changed to use the tanh activation function (1) 
while the rest use ReLU (2): 
 

 
(1) 

   

 
 

(2) 

Moreover, this study increased the number of epochs to 5000. This required multiple re-
trains due to a thin line between a well-working and an over fitted, noise-mimicking model. 
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Since the first hidden layer activation function was changed from ReLU(2) to tanh(1) and 
we have reduced the number of weights in hidden layers, ANN could just start to predict 
values based on tanh(1), which would not give a good prediction. Therefore, several checks 
were made – ANN was tested on a testing set (25% of all data points [1, 2]), LBV curve 
smoothness was checked, and, finally, a comparison against the experimental results from 
literature was made (Fig. 1 presents an example for normal conditions). Comparisons 
showed good agreement of ANN predictions with known values and an R-squared value of 
approximately 0.997. 

Fig. 1. Comparison of both ANN predictions and experimental data at 
normal conditions 

To avoid negative predictions, the ReLU (2) function was also applied to the final output 
function. Another significant modification was switching to a criterion of the average of 
mean absolute and mean squared errors instead of either of those separately. This should 
minimize optimal curve points to the average of median and mean, which we believe is most 
accurate to real predictions due to statistical possibilities. 

Obtained ANN was implemented into an open-source combustion solver flameFoam [3]. 

RESULTS 

To test the model artificial test case was simulated. The purpose was to check the results of 
the CFD-ANN simulation against the results using the established Malet correlation [4]. 
Conditions of the test were selected to be similar to previously simulated real cases. A 
shortened vertical acceleration tube was modelled (Fig. 2). It contained nine annular 
obstacles extending from the wall. 
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Fig. 2. Vertical cross-section of the case, rotated 90°, bottom on the left. 
Light grey – solid walls, blue – fluid region 

The case was simulated using a 2-dimensional axisymmetric orthogonal uniform mesh of 1 
mm characteristic length with solid and fluid regions. The flame was ignited at the bottom 
centre. Fluid was initially set at atmospheric pressure and 23° C temperature. Homogenous 
composition of 11 % H2 and 89 % dry air was selected. Turbulence was modelled using the 
k-ε RANS model. Combustion was modelled using progress variable c (0 – fresh mixture, 1 
– burnt mixture) and turbulent flame speed closure model with Bradley correlation. 

Fig. 3 shows flame evolution and predicted LBV values from the bottom of the facility until 
the first obstacle. Initially, flame evolutions are similar to both LBV prediction methods. 
However, it seems that ANN predictions are less sensitive to pressure and temperature 
variations at this stage, resulting in more uniform predicted LBV values than with Malet 
correlation. This results in a smoother flame surface with ANN calculation. Another 
significant difference is that, while at the leading side of the flame, similar LBV values are 
predicted by both methods, at the trailing, hotter side of the flame, Malet correlation predicts 
higher LBV values. This leads to slightly faster flame propagation when using Malet 
correlation. 

 

Fig. 3. Flame evolution before the first obstacle and predicted LBV at 
flame surface (0.05<c<0.95), at times (from left to right) 0.002 s, 0.02 s, 

0.04 s, 0.06 s, 0.08 s, 0.1 s. 

CONCLUSIONS 

A fast ANN able to predict hydrogen LBV in dry air was developed based on a larger ANN. 
The accuracy of fast ANN was tested against a testing set of data and values from the 
literature. Additionally, obtained LVB curve smoothness was checked. Predictions of 
developed ANN showed proper behaviour and an R-squared value of approximately 0.997. 
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Developed ANN was implemented into combustion solver flameFoam for the prediction of 
LBV values. Testing CFD-ANN simulations were performed and compared with 
simulations using established Malet correlation of LBV. The comparison showed similar 
results with the ANN model predicting more uniform and lower values of LBV. Current 
ANN is around 25 times faster than the original. 

Further planned work is to perform validation of developed CFD-ANN modelling against 
the experimental data. 

Keywords: combustion, artificial neuron network, CFD, laminar burning velocity 
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ABSTRACT  

The need for energy resources that do not belong to the group of fossil fuels and 
the wide availability of various low-calorific gases leads humanity to search for 
solutions to adapt external sources of force that would allow using of these 
resources. One of such solutions is the usage of non-thermal plasma applications 
not only for ignition but also for plasma-assisted combustion (PAC). PAC is a 
promising technology for improving processes of ignition and flame stabilization, 
as well as propagating flame speed. This work would be, in general, discussed 
only non-thermal plasma devices [1]. In addition to the facts mentioned earlier, 
PAC potentially can improve the efficiency of combustion, the conversion of fuels 
into other forms [2], the gasification of coal and municipal or industrial solid 
wastes into syngas (syngas – a mixture of mainly H₂ and CO) [3]. Exist a huge 
variety of types of plasma, which are shown in Fig. 1, which describes the division 
of the plasma. The purpose of this paper is to provide a general overview of 
existing types of systems to the reader, mention the positive and negative sides of 
each type and provide some possible ways for further investigation. 

 

Fig. 1. Schematic of electron temperature and number density for 
different discharges [4] 
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TYPES OF PLASMA-ASSISTED BURNERS 

Plasma-assisted burners (PAB) could be divided into two major trends – premix and after-
mix burners. The premix is a device which consists of the premix chamber, plasma reactor, 
and burner nozzle. The air and fuel first come to the premix chamber, where they form the 
fuel-air mixture, after which they move forward to the treatment zone, in which both gases 
face impact from the plasma source. The other ones, after mix type, usually consist of 
separate coaxial channels that directly supply different gases (air and fuel) to separate zones. 
In those types of burners, plasma reacts only with fuel gas, whereupon treated gas mixes 
with air and combusts. In the first, premix one activates the mechanism of producing 
additional NOx from air nitrogen, partially decomposing the air into its component parts 
before reaching the combustion chamber. The second, after mix type, is devoid of such a 
disadvantage, but, mostly, the construction of after mix burners requires more time and effort 
to design because such a scheme of the burner is more complicated, and it is hard to reach 
the same level of efficiency. The second way of dividing the PAB – is by the method of 
plasma formation. 

CORONA DISCHARGE REACTOR 

The corona discharge burner is one of the most early-made designs of the PAB. It is known 
to be a premixed-type burner made from a tube with an inside bore, premix chamber and an 
extended water-cooled second spiral electrode. The first electrode was formed by cutting out 
metal to an axial depth, and each of the points was turned inward so that the tips lay on a 
circle. [5] As an advantage of such construction could be noted the fact that this type of 
burner is easy to produce, it doesn't require special materials, but on the other hand, it 
includes all the disadvantages that are characteristic of premixes described earlier. The 
above-described construction of the corona discharge burner is shown in Fig. 2. 

 

Fig. 2. Corona-influenced burner [5] 

MICROHOLLOW CATHODE DISCHARGE 

One of the most extensively studied configurations is an array of so-called micro hollow 
cathode discharges (MHCDs), which have the ability to produce a high-density plasma 
discharge in a relatively small volume [6-7]. Dielectric barrier discharge PAB ensures a 
maximum interaction between the plasma discharge and the processed gas. Thereby, the 
design shown below in Fig. 3 could be counted as one of the most efficient types because 
the area of the gas treated in one period of time is much higher than at the other types of 
PAB. At the same time, burners of such design couldn't last long enough to be implemented 
into some industry processes because the dielectric layer is exposed to high thermal loads, 
which is not suitable for it. 
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Fig. 3. DBD-type PACB made from layers of dielectric (textolite) and 
conductive copper layers [10] 

GLIDING ARC IN TORNADO (GAT) AND ADJUSTABLE GLIDING ARC IN 
TORNADO (AGAT) 

The GAT technology is named after the natural tornado, which could have partially the same 
logic as the gliding arc. Indeed, the phenomenon of reverse vortex flow is its main principle. 
Fig. 4 shows the scheme of the GAT reactor and its working principle. Two flows enter the 
cylindrical volume. The first flow is axially injected into the bottom part of the reactor; the 
second one enters the body tangentially in the nozzles in the upper part. The solid lines 
represent the tracks of the rotating flow, and the dotted lines show the streamline in the axial 
plane. That makes the plasma zone well stabilized by the near-wall tangential flow. 

 

Fig. 4. GAT-type reactor [11] 

The AGAT plasma-assisted burners differ in that fact that the electrode configuration could 
be adjusted to reach the needed parameters of the plasma. Two high voltage electrode 
geometry has been developed to show different ways one can ignite the discharge (shown in 
Fig. 5). The first configuration includes a moving annular electrode that can change its 
position relative to the tip. In the initial position, the cathode ring is 3 mm away from the 
ground electrode (the gap required for reliable primary ignition of the arc). After ignition, 
the cathode moves downward, and thus the arc lengthens to the point where it is in non-
equilibrium conditions. The second configuration has a helical cathode located coaxially 
with the tube. The arc discharge is ignited at the top of the spiral electrode and then slides 
along it until it reaches the smaller diameter ring and thus stabilizes. 
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Fig. 5. Reverse GAT-type reactor with moving electrode [11] 

MAGNETIC BLOW-OUT GLIDING ARC REACTOR 

Reactors and burners with controllable magnetic fields are considered the second generation 
of plasma-assisted processing installations. A rotating magnetic field is applied to ionized 
particles thanks to a magnet. Three anodes are installed around one axial cathode, which is 
made from tungsten. Active particles enter the reactor at a temperature of 500 K along the 
cathode through a ceramic tube in the upper part of the reactor. A single rotating arc 
discharge is then created and wound around the cathode. In this case, the transition between 
non-thermal and thermal regimes could be regulated by the strength of the magnetic field 
without the use of any external factors or resistive components. The three cascaded 
discharges are then fed from a three-channel power supply. 

 

Fig. 6. Magnetic blow-out gliding arc reactor (GREMI, France) [12] 

BLADE-ELECTRODE TYPE REACTOR 

This type of reactor was designed and first produced by the firm called ECP (Sarl) GlidArc 
Technologies in France. The benefits of this type of design are that the discharge forms at 
the closest point on the blade glide along the electrodes, and disappears. Another discharge 
immediately reforms at the initial spot. That fact makes the spread of corrosion and erosion-
corrosion over the element more uniform, which reduces the specific consumption of the 
blade material per unit time, thereby increasing the service life of the installation. The 
electrodes do not need to be cooled, so electrical energy is directly and totally transferred to 
the processed gas. Such a type of system allows to increase the working area by adding 
additional blades, which could increase the conversion rate of feedstock or allow to change 
the geometry of some number of blades, which could concentrate specific field strength in 
higher numbers than on adjacent blades. 
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Fig. 7. Scheme of “Glidarc I” reactor (ECP, France) [13] 

POSSIBLE DESIGNS OF PAB FOR FURTHER INVESTIGATION 

Further development of the DBD plasma reactor designs could be the usage of a “tablet” 
design with the use of ceramic 3D printing technologies. Thereby, the biggest delay dialer 
for this type of PAB is the fact that the electrical insulating middle layer faces non-typical 
thermal stresses and loads, which cause its burnout. To prevent this, the insulating layer 
could be made from material that is inert to the temperature level which could be reached in 
those types of equipment. As such, the material could be ceramic, which mankind is already 
able to print on specialized 3D printers. Fig. 8 shows the prototype model of this type of 
“tablet” PAB, with the intermediate layer of the dielectric performing the function of the 
housing. 

 

Fig. 8. DBD-type PAB “tablet” design with the intermediate layer of the 
dielectric performing the function of the housing [from authors archive] 

A sliding arc device usually consists of two or more metal electrodes with a divergent gap 
connected to a DC power source. The treated gas should be fed through the space between 
the electrodes, as a result of which upward moving electrical discharges process the gas. The 
application of this type of plasma for the burners was described by Chernichovsky to 
improve ignition, remove air pollutants, and convert hydrocarbons into synthesis gas [8]. By 
changing the linear ascending gas flow to a vortex one, it is possible to create discharges 
similar to a “tornado”, as discussed in the book by Friedman and Kennedy [9]. Such a design 
could be seen in Fig. 9, whereas the rotation movement generator acts as the gas supply unit 
at the bottom part of the burner. The results of the CFD analysis of such constructions can 
be seen in Fig. 10. 
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Fig. 9. Vortex-implemented gliding arc type burner [from authors 
archive] 

 

Fig. 10. CFD modelling of the aerodynamic properties of vortex-
implemented gliding arc burner [from authors archive] 

One of the most promising systems is the system with the after-mix type of layout. Firstly, 
in such a system is no possibility to face additional NOx generation because of the fact that 
the air and flammable gas are supplied separately, which could be seen in Fig. 11, where the 
model of after mix burner with vortex-formatting, air nozzles and needle-type electrodes is 
shown. This led to the fact that air would not be treated by plasma and would not be 
decomposed into its constituent parts, one of which (dominant) was nitrogen. 
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Fig. 11. Model of a prototype of the after mix type burner with vortex-
formatting nozzles and needle electrodes in the reaction chamber [from 

authors archive] 

CONCLUSIONS 

The review of existing and further designs and techniques of constructing plasma-assisted 
burners were done in general statements. Were noted in overall positive and negative tips 
for each type of system, as observed earlier in the texts, and as well as some options were 
proposed to solve existing problems, improve existing designs and create new ones. 

Keywords: (Plasma, Plasma-assisted combustion, Burners) 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

In the last few decades world has been facing serious energy sources depletion and 
environmental deterioration. In order to contribute to the solution of these problems, 
alternative processes and feedstocks selection could be involved. Biomass energy is a 
potential substitute for fossil fuel because of its easy storage, transportation, and abundant 
availability [1]. Moreover, the production and use of biomass for utilization purposes are 
considered a theoretical “zero carbon” cycle, where the collected biomass is converted into 
CO2 and then absorbed by growing plants [2]. 

An idea of these researches is to utilize seaweed biomass, obtaining an additional energy 
carriers and contributing to the creation of a cleaner environment. The pyrolysis process 
could be used for utilization purposes because of the inability to incorporate seaweed wastes 
into other valuable products industries. This happens because of the high heavy metal 
contaminations in the feedstock. 

Nutrient (N, P) overload in the water causes blooming and oxygen depletion processes. As 
a consequence, eutrophication processes accelerate, and a high amount of seaweed on the 
seashores could be obtained. 

Collected biomass could be used in alternative thermal treatment processes to obtain 
additional higher added value energy products. In this experimental research, thermal 
treatment in micro-and laboratory-scale facilities and formed products analysis of selected 
utilization systems were analysed. 
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METHODS 

Material 

The experiments were performed using the seaweed as a feedstock, which was collected on 
the Melnrage beach, Klaipeda city, during the wintertime. The most common species of the 
collected sample was the red algae Rhodophyta. Medium salinity Baltic Sea is the perfect 
place for the growth of this type of algae, which is mainly spread into cold-water pools. The 
red algae pigmentation varies from reddish-brown to reddish-black; they are described as 
shiny and dichotomically branched 6-11 times [3]. The collected seaweed samples were 
washed to avoid sand and other abrasive particles and dried based on ISO 579 standard.  

The ultimate and proximate analysis of feedstocks was performed following LST EN 14918 
(HHV) by an IKA C5000 calorimeter, LST EN 14774-1 (moisture content), LST EN 14775 
(ash content), LST EN 15104 (CHNS content) by a Flash 2000 CHNS analyser, and LST 
EN 15148 (volatile content). In addition, the minerals and heavy metals content were 
investigated following LST EN 15411: 2011 and LST EN 15297: 2011 using Induced 
Plasma Optical Emission Spectrometer (ICP-OES) Optima 8000.Table 1. Ultimate and 
proximate analysis of the seaweed sample 

Table 1. Ultimate and proximate analysis of the seaweed sample 

Parameter Unwashed seaweeds Washed seaweeds 
Ultimate analysis wt.% (d.b.) 

C 34.58 46.93 
H 5.16 4.73 

O (diff.) 8.74 30.16 
N 3.65 4.13 
S 3.54 5.13 
Cl 0.43 0.05 

Proximate analysis wt.% 
Moisture (a.r.) 57.32 62.56 
Moisture, (d.b.) 2.27 0.60 
Volatiles (d.b.) 41.82 58.30 
Fixed carbon 

(d.b.) 12.01 32.23 

Ash (d.b.) 43.90 8.87 
HHV, MJ/kg 17.21 17.54 
LHV MJ/kg 16.43 16.51 

Minerals and heavy metals 
As mg/kg n.d. * n.d. * 
Cd mg/kg n.d. * n.d. * 
Co mg/kg n.d. * n.d. * 
Cr mg/kg 2.87 9.11 
Cu mg/kg 8.15 8.19 
Mn mg/kg 88.19 183.09 
Ni mg/kg 7.41 2.49 
Pb mg/kg n.d. * n.d. * 
Sb mg/kg n.d. * n.d. * 
V mg/kg n.d. * n.d. * 



312 
 

Zn mg/kg 40.91 n.d. * 
P mg/kg 23373 11952 
K mg/kg 12737 10286 
Ca mg/kg 10163 6532 
Mg mg/kg 1451 1063 

THERMAL ANALYSIS 

The primary feedstock investigation was performed using the thermal analyser Netzsch 
Jupiter STA 449 F3 (Germany). Moreover, to evaluate the gaseous products' composition, 
which was emitted during the pyrolysis experiments, TGA was coupled with Fourier 
transform infrared spectroscopy analyser (FTIR, Bruker) and gas chromatography with a 
quadrupole mass spectrometer detector (GC/MS, Agilent 7890A). 

The FTIR analyser scan times are 32. The wavelength interval ranges between 650 – 
4500 cm-1 for all experiments using the LN-MCT (liquid nitrogen) detector with a resolution 
of 4 cm-1. For the GC/Ms experiments used, a universal HP-5MS column with (5%-Phenyl)-
methylpolysiloxane filling. The column's length is 30 m, while the outer and inner diameters 
are 250 µm and 0.25 µm, respectively. The mass scanning diapason ranges from 13 to 
600 m/z.  

RESULTS 

The primary thermal investigation was performed using the TGA-DTG system. The results 
are presented in Fig. 1. The results showed that the biomass has two decomposition peaks. 
The first peak occurred around 300 °C and could be assigned to cellulose and hemicellulose 
thermal decomposition. Cellulose and hemicellulose tend to start depolymerisation reactions 
and form monomeric structures around 300 °C [4]. The second peak appeared at 690 °C and 
belonged to lignin thermal decomposition. The main thermal degradation of lignin could be 
observed around 700 °C, tending to the formation of aromatic hydrocarbons and heavier 
structures [5]. After total sample combustion, the investigation showed that the residual mass 
is around 8.7 wt. % and is a typical result for not high-quality biomass.  

Fig. 1. TGA-DTG results of the seaweed sample 
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The evolved gasses' functional groups analysis was performed using a combined TGA-FTIR 
system. The results are presented in Fig. 2. As can be seen from the results, the most 
abundant functional group around 2300 cm-1 is C=O, representing carbon dioxide present. 
Minor oscillations around 3000 cm-1 represent aliphatic hydrocarbons, while vibrations 
around 1000-1200 cm-1 confirm aromatic polycyclic C-H compounds. Two peaks at 
1300 cm-1 and 1500 cm-1 show N-O group oscillations. These functional groups were 
detected at ~300 °C, while at 700 °C was obtained, only carbon dioxide (O=C=O) vibrations 

were at 2300 cm1. 
Fig. 2. FTIR spectra analysis of the seaweed sample 

In order to investigate the exact compounds in the formed gaseous phase, the combined TGA 
and GC/MS system was used. Moreover, the correlations between FTIR and GC/MS could 
lead to identifying high molecular mass complex derivatives present. The results are 
presented in Fig. 3. The main compounds in the volatile seaweed matter are CO2 (11%), 
polycyclic aromatic hydrocarbons, acetic acid, alcohol, and methane. Also, around 7% of 
the total volatile matter composition could be assigned to the furfural compound.  

Fig. 3. The results of TGA-GC/MS analysis 

CONCLUSIONS 

To investigate the thermal treatment for seaweed utilization purposes, TGA-FTIR-GC/MS 
systems were combined. The results showed that seaweed thermally decomposes at two 
stages: the first one is around 300 °C and belongs to cellulose and hemicellulose thermal 
decomposition. In contrast, the second one is around 700 °C and could be assigned to lignin 
polymeric matrix degradation. The FTIR results correlated with GC/Ms results and showed 
that the most common functional groups were aliphatic and aromatic C-H, C=O (in CO2 
compound), and nitro (N-O) group. The GC/MS confirmed this analysis and showed the 
main compounds, which were CO2, acetic acid, polycyclic aromatic hydrocarbons and some 
light alcohols. In general, it is clear that the primary investigation of the seaweed sample 
shows the potential as an alternative feedstock for additional added value energy carriers' 
generators. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

The exceptional popularity of zinc oxide has several reasons. One of the main is the 
multifunctionality of the material, which can be applied in various fields. ZnO has a unique 
combination of optical, piezoelectric, magnetic, and other properties. In addition to the 
ability to effectively absorb UV radiation, ZnO is a semiconductor with a wide bandgap, the 
literature indicates that this value is E = 3.37 eV [1] and has a relatively high nuclear binding 
energy (60 MeV), so ZnO is most often chosen for ultraviolet (UV) optoelectronics 
applications [2]. Zinc oxide tetrapod (ZnO-T) consists of four hexagonal rod structures, also 
called “legs”. Zinc oxide tetrapod (ZnO-T) has a ZnO core from which four "legs" extend to 
the same extent into the surrounding space, giving them the potential to join “legs” to form 
a good network with acceptable porosity and mechanical strength [3]. These "legs" are 
connected to each other through the central core at an angle of 105 ° to 110 ° [4]. The crystal 
lattice consists of a ZnO core made of zinc blende, and the “legs” are formed from a wurtzite 
structure. ZnO can be synthesized by vapour transport synthesis and wet chemical methods 
[3]. In this work, we present an inexpensive, high-yield vapour transport synthesis method 
for ZnO-T production. 

METHODS 

The synthesis process is carried out by the rapid oxidation (combustion) method [5], using a 
synthesis reactor. Depending on the ratio of Zn powder, air mixture, and methane (CH4) gas 
in the burner (Fig. 1.), five flame colours can be observed, indicating five different synthesis 
regimes. When the air supply to the air-gas mixture is off, and the oxygen needed for the 
combustion reaction is diffusing from the surroundings, a yellow-orange fire is produced, 
which is called a diffuse flame [6]. When the air supply is on, a blue flame is formed, which 
may still because incomplete combustion, and a blue flame is called a properly mixed flame 
[6]. A blue flame is obtained when Zn powder is supplied with a stream of air to produce 
ZnO. The green flame is obtained by finding the optimal conditions.  
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Fig. 1. Flame colours and formation conditions: 1. yellow-orange flame; 
2. orange-blue flame; 3. blue flame; 4. Blue-yellow flame; 5. green flame 

For centrifugation (Fig. 2.), a 6% (initial ZnO-T particles dissolved in ethanol) suspension 
was used, which was allowed to settle for 24 h, then placed in an ultrasonic bath for 1 h to 
give the starting fraction (S0). The solution of the starting fraction S0 is centrifuged at 
1000 rpm for 15 minutes to obtain fraction I (S1). The phase of the suspended fraction (F1) 
is separated and further centrifuged at 3000 rpm for 15 minutes to obtain fraction III (S3). 
This is continued until a precipitated (S10) (fraction X) and suspended (F10) fraction is 
obtained. 

 

Fig. 2. Schematic of the centrifugation method 

Methods of ultraviolet-visible spectrometry (UV-Vis) spectral analysis, scanning electron 
microscopy (SEM), and X-ray diffraction (XRD) were used for structural studies.  

RESULTS 

The 300-800 nm wavelength range was chosen for the UV-Vis spectral analysis of the 
samples (Fig. 3). It was determined how the ZnO nanoparticles in the solution settled on the 
bottom of the cuvette over time due to gravity. As the test time lengthened, more and more 
particles were found to settle to the bottom of the cuvette, which corresponds to a decreased 
intensity peak. The peaks might be blue-shifted quantum confinement effects [9], the 355 nm 
peak corresponds to the lowest aspect ratio nanostructures – nanoparticles [7], the 370 nm 
peak can be attributed to nanowires [8], and the 375 nm peak is characteristic to tetrapod 
[10] also different structures are seen in scanning electron microscopy (SEM) images 
(tetrapod, unformed tetrapod, different type and size nanowires and nanoparticles). 
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Fig. 3. UV-Vis's absorption spectra of various ZnO structures 

Based on UV-Vis spectrometry and SEM, zinc oxide particles of different shapes – tetrapod, 
nanoparticles, and various 1 D and 3 D nanostructures - are formed during the synthesis, as 
well as unformed zinc particles (based on X-ray diffraction), also from UV-Vis spectrometry 
showed a change in particle size (58-64 nm) as the colour of the flame in the burner changed 
from blue to green and a decrease in particle size with increasing centrifugation speed 
between 1000 and 10000 rpm (63-52 nm). The size of the particle from the UV-Vis 
absorbance spectra was estimated using a simplified, effective mass model [11]. The size of 
the formed ZnO-T crystallites was determined by X-ray diffraction (the largest crystallites 
formed at the principal plane of formation (1 0 -1) and reached 23 nm), and the smallest 
number of defects in the sample was found at the principal plane of zinc oxide formation is 
1.92·10-3 nm-2.  

CONCLUSIONS 

Based on UV-Vis and SEM studies, zinc oxide nanoparticles of different forms were formed 
during the synthesis: tetrapod, nanoparticles, various 1D and 3D nanostructures, and 
unformed zinc particles were found (based on the XRD study). The XRD method was used 
to calculate the size of the formed ZnO-T crystallites (the largest crystallites are formed at 
the principal plane of formation (1 0 -1) and reach 23 nm), and the smallest number of defects 
in the sample is found at the principal plane of zinc oxide formation. It is 1.92·10-3 nm-2. 
There is a direct relationship between the colour of the flame and the size of the nanoparticles 
formed, and it is also observed that the particle size decreases with an increasing 
centrifugation rate. 

Keywords: tetrapod, synthesis, ZnO, nanoparticles 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Undesired hydrogen combustion can occur during its use as a green fuel, industrial 
processes, or severe accidents in nuclear power plants [1]. Hydrogen is extremely flammable 
and has an increased combustion rate, enhanced reaction activity, and combustion limit 
compared with other mixtures such as methane/air. Consequently, it is important to 
investigate hydrogen combustion to facilitate risk management for industrial uses or 
accidental leakages. 

Computational fluid dynamics (CFD) simulations have become one of the main tools for 
numerical investigations. One of the simplest CFD turbulence models is Reynolds averaged 
Navier-Stokes model (RANS), which is extensively used in engineering applications, 
whereas a more complex and numerically demanding large eddy simulation (LES) offers the 
capability to resolve turbulence phenomena in more detail [2]. LES is expected to be 
beneficial for combustion modelling since most of the integral flame properties are 
controlled by turbulent mixing, and LES directly simulates large-scale mixing and 
structures. It also allows explicit identification of fresh and burnt zones with different 
turbulence characteristics, which enables a more fundamental investigation of flame-
turbulence interactions [3]. 

Therefore, to study flame-turbulence interaction with a custom OpenFOAM solver 
flameFoam, which up to now only supported RANS [4], the LES model had to be 
implemented. This paper present implemented model and test simulations of flame 
propagation in a duct with an obstacle. LES and RANS results are compared; it is shown 
that while LES qualitatively agrees with RANS, it provides more detailed and resolved 
transient evolution.  

METHODS 

Until the reported development, we used RANS and flame progress variable model with 
turbulent flame closure and selected turbulent burning velocity correlations to simulate 
combustion in our flameFoam solver, described in detail in a prior paper [4]. 

To implement the LES model, the source term of the progress variable balance equation was 
redefined: 
 , (1) 
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where ρu – fresh mixture density, SL – laminar flame speed, c – progress variable, and ΞΔ – 
subgrid-scale (sgs) flame wrinkling factor. The literature contains various models of ΞΔ, for 
this work Pitsch and Duchamp de Lageneste's [5] correlation was implemented: 

 , (2) 

where  - sgs velocity fluctuations, ScΔ – sgs Schmidt number (assumed ScΔ = 0.5), b1, 
b3 – coefficients (b1 = 2, b3 = 1), DaΔ – sgs Damhohler number: 

 , (3) 

where Ka – Karlovitz number: 

 , (4) 

where Δ – filter width, lF – laminar flame thickness. 

A 0.552 m long and 0.1 m in diameter duct with one annular obstacle of 0.05 m diameter 
was chosen as the computational domain (Fig. 1). Mesh with an approximate cell size of 
2 mm and a total of 370 175 cells was used. The mixture consisted of 22.65% of H2 and 
77.35% of air. It was ignited in the centre of the base with an ignition radius of 0.005 m. 
Initial conditions and model constants are given in Table 1. The adiabatic and no-slip 
boundary conditions were applied to the walls and obstacles. RANS simulation used k-ω 
SST turbulence model and Bradley correlation, LES – Smagorinsky sgs model. The time 
step was adjusted to keep the Courant number below 0.35. The pressure and velocity fields 
were coupled by the PIMPLE method.  

 

Fig. 1 Computational domain 
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Table 1 Initial data 

Initial conditions 
Pressure  100 000 Pa 
Temperature  293.15 K 
The initial hydrogen volume fraction  0.2265 
Laminar flame speed  1.25 m/s 

Model constants 
Turbulent Schmidt number  0.9 
Lewis number  0.5 

RESULTS 

Fig 2 presents the pressure evolution of both RANS and LES simulations. The pressure was 
probed at the top of the duct. LES results in higher total pressure, as well as more pronounced 
pressure peaks than RANS, which corresponds to the reflecting pressure waves. 

 

Fig. 2 Pressure evolution 

LES and RANS flame front iso-surfaces and velocity fields are compared in Fig. 3. Even at 
the beginning, there already is a difference between flame fronts, RANS has a smooth 
hemispherical shape, while LES is distorted and recessed in the middle. Further, the flame 
is elongated due to obstacles and then stretched in the radial direction. LES results are more 
complex during the whole flame propagation process. This is also reflected in Fig. 4, 
showing flow streamlines, corresponding to the last shown moment in Fig. 3. In RANS 
simulation, flow is settled as a result of averaging, only the largest vortices behind the 
obstacle are simulated, while LES flow is more chaotic, vortices are interacting with each 
other thus causing higher speed. More accurate and realistic flame leads to a considerable 
increase in flame surface area, thus accelerating the combustion process and producing faster 
and higher pressure rises (Fig. 2). 
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Fig. 3 Snapshots of velocity fields with flame front represented by the red 
iso-surface (c = 0.9) 

 

Fig. 4 Velocity streamlines  
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CONCLUSIONS 

This paper presents combustion LES model implementation and simulations with 
flameFoam solver. Numerical simulation of premixed combustion in duct with one annular 
obstacle was performed. In LES simulation, fasten and more complex flame propagation and 
combustion processes were observed, while in RANS, averaging led to a much simpler flame 
front shape, slower combustion, and weaker pressure. While both simulations agree 
qualitatively, LES offers significant improvement through greater accuracy and the ability 
to produce more detailed characterization. 

Keywords: Premixed combustion; large eddy simulation (LES); computational fluid 
dynamics (CFD); turbulent flame propagation   
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ABSTRACT 

Sunflower seed shells, an abundant lignocellulosic waste generated in the edible oil 
industry can be converted through pyrolysis to obtain bio-oils. The issue related to 
such biofuel is a high oxygen content that results in a lower calorific value 
compared to conventional fuels. A catalyst like ZSM-5 can be employed during the 
process to resolve the present drawback. For this aim, TG-FTIR research was 
carried out to investigate different biomass to ZSM-5 catalyst ratios (1:0, 1:1, 1:2, 
1:5, 1:10) influence on the composition of volatile products evolved from renewable 
biomass – sunflower seed shells. Major compounds that were detected included 
alcohols, aromatic hydrocarbons, aliphatic species, carboxylic acids, CO, CO2 and 
H2O. It was evaluated that ZSM-5 concentration in a sample gives a significant 
impact on organic oxygen species such as alcohols and carboxylic acid formation 
with reference to a noticeable decrease in absorbance peaks observed in Py-FTIR 
spectrums. The greatest results were obtained with a ratio equal to 1:10. Although 
absorption increase in the range of IR rays that correspond to aromatic 
hydrocarbons formation was not confirmed. Thus, a supplementary investigation to 
corroborate the generation of higher-grade bio-oils from catalytic sunflower seed 
shells pyrolysis is required. 

Keywords: Catalytic pyrolysis; biomass; bio-oil; ZSM-5 
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INTRODUCTION 

According to the data of 2019, fossil fuels amounted to approximately 85 % of all fuel 
sources consumed worldwide [1], which raises concerns related with global warming, human 
health conditions as well as rapid depletion of the most demanded fuel source globally [2]. 
The current risk is caused by the particularly slow renewal of petroleum fuel that generally 
lasts millions of years [3]. Naturally, these issues pose a need for finding an alternative 
energy source, and renewable biomass is one of the favoured choices [4]. 

BIOMASS PYROLYSIS 

Biomass pyrolysis is a thermochemical conversion technique of the lignocellulosic material 
to produce valuable chemicals as well as higher energy density liquid or solid fuels compared 
with the raw biomass as a biofuel itself [5]. Pyrolysis is a process during which stock is 
heated in the inert atmosphere or when the concentration of an oxidizing agent (e. g. oxygen) 
is not sufficient for total combustion [6]. Three main products form during biomass pyrolysis 
include non-condensable gasses, liquid bio-oil and biochar [7]. Distribution by quantity as 
well as qualitative characteristics of the pyrolysis products highly depends on the process 
conditions, namely the heating rate, pyrolysis temperature as well as vapor residence time in 
the pyrolysis zone [8]. Accordingly, lignocellulosic biomass is pyrolyzed, adjusting specific 
values of the process conditions to obtain adequate yield and composition of the desired 
product. 

When the targeted product is a high energetic value liquid bio-oil – biomass particles of up 
to 2 mm size are pyrolyzed in a moderate temperature not higher than 650 °C applying an 
extremely high heating rate – thousands of Celsius degrees per second and a very short vapor 
residence time, usually less than 2 seconds [7]. Pyrolysis oil generally contains various 
complex hydrocarbons with high oxygen and water contents (water usually amounts to 
approximately 20 % of a total bio-oil volume) as well as high acidity that promotes corrosion 
[8]. These properties of bio-oil impede the utilization of this product as fuel and, therefore, 
must be upgraded to decrease oxygen content to improve the necessary qualities of bio-oil. 
A commonly applied method for bio-oil upgrading is catalytic hydro deoxygenation, by 
which oxygen is removed from bio-oil, followed by water formation [9]. This widely 
researched approach allows for the production of improved composition bio-oils from a 
renewable energy source – lignocellulose, and therefore it can be utilized as a petroleum fuel 
alternative. 

CATALYTIC UPGRADING 

Biomass pyrolysis bio-oil usually contains a high proportion of oxygenated compounds, 
oxygen share is over 35 – 40 % in this liquid [10]. To obtain high-grade bio-oils, catalytic 
pyrolysis can be employed in which zeolite catalyst is mostly applied due to their specific 
structure that assists in deoxygenation reactions [11]. Previous studies have revealed that 
among investigated zeolites, Zeolite Socony Mobil–5 (ZSM-5) catalyst with medium-sized 
pores is one effective option to generate high-grade bio-oils. Intermediate inner size of pores, 
arrangement of acidic sites (Bronsted and Lewis), as well as a steric hindrance effect 
determine ZSM-5 selectivity to olefins and aromatic hydrocarbons present in bio-oil [12]. 
Thus, a major influence on the composition of bio-oil is done during the reaction with the 
ZSM-5 catalyst resulting in bio-oil deoxygenation also a boost of aromatic species [13]. 
Y. Hu et al. [14] have conducted an investigation on Enteromorpha clathrate seaweed and 
cellulose catalytic co-pyrolysis, and it was estimated that with ZSM-5 catalyst, aromatic 
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hydrocarbons content in bio-oil increases from 1.7 % to 3.1 % comparing areas of this group 
chemicals signals in Py – GC/MS chromatograms. Authors have remarked the significant 
decrease in areas of oxygenated compounds signals as well. The proportion of aldehydes in 
bio-oil has reduced the most – from 4.8 % to 0.2 %.  

The type of catalyst is a major decision to make depending on the product of interest. 
However, not only the catalyst but the portion of it added during pyrolysis is also an 
important factor. W. H. Chen et al. [15] investigated sawdust waste catalytic pyrolysis, and 
4 different biomass to ZSM-5 catalyst weight ratios was chosen equal to 1:0; 1:1; 1:5; 1:10. 
GC/MS analysis of pyrolysis oils had revealed that the highest concentration of high calorific 
value aromatic hydrocarbons also as the main product of bio-oil had formed when the ZSM-
5 portion by mass was the greatest and took 32.95 %. The lowest formation of oxygenated 
compounds during catalytic pyrolysis of sawdust was also found with the present ratio of 
1:10. 

METHODOLOGY 

Sample Preparation 

Lignocellulosic feedstock chosen for the thermogravimetric (TG) experiments was 
sunflower seed shells (SSS) biomass in the form of pellets (Ukraine). This shape of the 
feedstock was also chosen due to some appealing advantages like lower moisture content as 
well as ease of pulverizing SSS biomass to prepare it for TG analysis. The size of the 
feedstock particles is a vital factor that influences heat energy transfer as well as the 
activation energy with essential changes in a decomposition temperature and even evolving 
products [16]. Thus, SSS biomass pellets (Fig 1. – A) were firstly grinded by means of a rasp 
to obtain smaller biomass particles (Fig 1. – B), and this mass was sieved through a 
250 microns mesh sieve afterwards to obtain an extremely fine fraction of particles in less 
than 250 µm diameter (Fig 1. – C). 

 
Fig 1. Preparation of sunflower seed shells (SSS) biomass pellets for 

thermogravimetric analysis 
 

Catalytic pyrolysis of prepared SSS biomass was performed by applying mesoporous ZSM-
5 catalyst as described in the research of Chen et al. [15]. Five different weight ratios of 
biomass to catalyst were investigated as follows: 1:0, 1:1, 1:2, 1:5, and 1:10. Prior to a 
blending of these substances, the catalyst was grinded to a fine powder as well in order to 
ensure better contact between biomass and ZSM-5. The mixture was then placed in a clean 
crucible to investigate products by carrying out TG-FTIR and TG-GC/MS analyses. 
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Thermogravimetric Analysis 

Thermogravimetric analysis (TGA) is an analytical technique applied for thermal stability 
of a material and proportion of volatile compounds estimation when a sample is heated at a 
persistent heating rate in an atmosphere of specific inertness. These properties of biomass 
are evaluated from thermogravimetric curves by weight changes upon heating to a defined 
temperature and experiment time alternatively [17]. The first derivative of such a 
thermogravimetric curve helps to indicate the main decomposition peaks of a material or 
even its constituents caused by a temperature elevation. 

NETZSCH STA 449 F3 Jupiter instrument with SiC furnace was employed to conduct TGA 
experiments. Resistant to high temperatures, crucibles were used made of Al2O3 with 99.7 % 
purity. Obtained data were further processed and analysed by means of the NETZSCH 
Proteus – Thermal Analysis v. 6.0.0 program. 

Proximate Analysis 

Proximate analysis is an approach that can be implemented by means of TGA. Quantities of 
moisture, volatile matter, fixed carbon and ash in a material are determined with this 
technique by applying well-described, standard methods. Experiments were performed 
following the specification described by Mayoral et al. [18] with negligible alterations. The 
sample was firstly heated from 40 °C to 110 °C temperature in the inert atmosphere of 
nitrogen with a flowing rate of 60 ml/min and held at this point for 5 min to ensure well 
moisture evaporation [19]. After this step, the temperature was elevated to 900 °C in the 
inert atmosphere, and the isothermal step for 7 minutes started afterwards. Then, the 
temperature was reduced to 800 °C, and the compressed air supply to the oven began at a 25 
ml/min flowing rate together with a decreased flow of the protective nitrogen gas at 35 
ml/min to estimate the content of inorganic elements in a sample. In all dynamic steps, a 
constant temperature heating rate of 35 °C/min was used. 

Py-FTIR Analysis 

During the thermochemical conversion in the inert atmosphere of nitrogen, implemented by 
the TGA instrument, evolving volatile products were simultaneously analysed by means of 
two techniques. Fourier transform infrared spectroscopy (FTIR) analysis was carried out 
employing Bruker Tensor 27 TGA-IR analyser with a heated FTIR gas cell. Evolved gasses 
were entering FTIR cells through a heated to up to 250 °C transfer line to prevent the 
condensation of higher molecular weight compounds. Formed gaseous products were 
identified based on chemical groups by the Mercury-Cadmium-Telluride detector that 
operates in temperatures near that of liquid nitrogen (-196 °C). Absorption of IR rays was 
measured in the wavenumber range of 4500 – 650 cm-1. Further processing of obtained 
spectrums was accomplished by the Opus v7.0 program. 

RESULTS AND DISCUSSIONS 

Biomass Characterization – Proximate Analysis 

Proximate analysis of grinded SSS biomass was performed using thermogravimetric. 
Obtained TG curve is presented in Fig 2. A and the first derivative of the TG curve is in 
Fig 2. B. The first weight loss step in the inert atmosphere starting from 40 °C to 
approximately 190 °C temperature, is related to a moisture release from the sample, and it 
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makes up 4.71 % of the investigated biomass. The thermal decomposition of SSS biomass 
started at around 200 °C. Consequently, further temperature elevation caused the emission 
of volatile compounds taking up to 66.32 % of SSS biomass. The final solid product that 
develops during the biomass pyrolysis in the atmosphere of N2 is biochar. To evaluate the 
fixed carbon content in the sample, formed biochar was incinerated by means of compressed 
air supply to the furnace that caused oxidation of biochar and accumulated inorganic 
compounds to form ash with a content of 7.21 % as a residual mass (Res. Mass in Fig 2. A). 
Fixed carbon content in SSS was evaluated by subtracting moisture, volatile mater and ash 
percentage from 100 % - fixed carbon amounted to 21.45 % of the SSS biomass weight. 

 

Fig 2. The thermogravimetric curve of SSS biomass proximate analysis 
(A) and differential thermogravimetric curve derived from the 

thermogravimetric curve in a pyrolysis segment (B) 

Two apparent decomposition peaks of a SSS biomass were noticed in a DTG curve during 
the pyrolysis process. The first peak detects one of the major biomass components – 
hemicellulose thermal decomposition that occurred at 307 °C temperature with a 19 %/min 
decomposition rate. Although, the main thermal disintegration took place at 350 °C – 
cellulose decomposition temperature [20] that decomposed at a 30 %/min rate. The 
conclusion can be done that the investigated biomass contains higher cellulose content 
compared with the hemicellulose portion in it. The third biomass component – lignin, 
degrades in a wide range of temperatures thus, a single peak of decomposition is not always 
observed [21]. Various volatile products have evolved during the thermal decomposition 
(pyrolysis) of these main components of SSS biomass that were detected by means of FTIR 
analysis which results are described below. 

PY – FTIR 

Fig. 3. Illustrates the FTIR spectrums obtained during the feedstock pyrolysis with different 
ZSM-5 ratios in a sample at the main thermal decomposition temperature – approximately 
350 °C. The main gaseous compounds detected according to the absorbance peaks in the 
FTIR spectrums are described onwards. Alcohols and aromatic compounds were detected at 
the lowest wavenumber ranges, respectively, at 1000 to 1300 cm-1 and 1367 cm-1. 
Considerable formation of carboxyl acids was also identified, foremost acetic acid with an 
absorbance peak at 1766 cm-1 [22]. The evolution of CO gasses was detected too and 
attributed to the doublet at 2100 – 2170 cm-1. A strong absorbance peak at 2350 cm-1 
wavenumber was related to the development of CO2 in high yields. Aliphatic compounds 
also have formed during the catalytic thermal degradation by pyrolysis of SSS biomass that 
appeared in the FTIR spectrums at the 2803 – 2925 cm-1 wavenumber range. Last but not 
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least, evaporation of H2O at the main decomposition temperature proceeded as well and was 
detected at the range of 3573 – 2729 cm-1. 

 

Fig 3. TG-FTIR spectrums of SSS biomass mixed with different ratios of 
ZSM-5 catalyst obtained at approximately 350 °C decomposition 

temperature 

Intensities of the peaks in the obtained Py – FTIR spectrums were recalculated according to 
a sample mass since some variations in terms of the weight in different samples occurred. 
The unified results absorbance values of oxygenated compounds (alcohols and carboxyl 
acids) had a tendency to decrease with a rise of ZSM-5 share in a sample and were the lowest 
with the greatest ZSM-5 concentration. However, contrary to expectations, the IR 
absorbance peaks of aromatic hydrocarbons (Ar in Fig 3.) did not have a tendency to increase 
with a ZSM-5 share growth in a sample. Although, the increase in IR rays absorbance peak 
by CO has been identified, which is associated with oxygen transfer from higher molecular 
weight (condensable) species to gaseous, light mass CO molecules when the ZSM-5 
concentration in a sample boosts. Chen et al. [15] made an investigation on catalytic level 
identification of ZSM-5 on a sawdust and sorghum distillery residue biomass and made a 
conclusion that the highest yields of aromatic hydrocarbons were obtained with biomass to 
catalyst ratio equal to 1:10, comparing results with the absorbance’s obtained with higher 
ratios. This difference in results obtained may be determined by the variation in the 
investigated biomass dissimilarity. 

CONCLUSIONS 

The TG-FTIR approach was employed to evaluate the impact of ZSM-5 catalyst 
concentration on sunflower seed shells' biomass pyrolysis products. It was estimated that the 
most suitable ratio of biomass and catalyst was equal to 1:10 due to the considerable 
reduction of oxygenated species formation. However, absorption peaks of aromatic 
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hydrocarbons in FTIR spectrums had not elevated under the influence of different ZSM-5 
concentrations in a sample. Therefore, the additional investigation in the reactor and actual 
concentrations of formed compounds is required to make conclusions about the 
improvement in the quality of sunflower seed shells biomass catalytic pyrolysis bio-oils. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Today, there is increasing interest in underwater discharge applications (particularly plasma 
of such discharges). On the one hand, it is due to the need to clarify the physical processes 
of current flow in such an environment, on the other hand, its practical application in biology, 
chemistry and electrochemistry. A special place in the variety of its applications is, in fact, 
the generation of nanoparticles of conducting materials [1]. In particular, for the past few 
decades, nanoparticles of silver have been gaining much attention and being used in almost 
every field, including medicine, catalysis, bio sensing, drug delivery, electronics, textile, 
photonics, optical sensor, nonlinear optical properties, water treatment, pigments, 
photographic, bactericide, anticancer agent, wound treatment, conductive composites, etc. 
[2]. 

It is necessary to investigate directly the process which occurs during nanoparticle formation 
in order to improve the characteristics and properties of solutions with nanoparticles. 
Namely, the plasma of discharges, which burns between granules used as a source of metal 
particles in the obtained solutions, should be studied. Optical emission spectroscopy is the 
most suitable approach to such investigations. On the one hand, this method enables 
obtaining with sufficient accuracy the main plasma parameters, such as temperature and 
electron density, which characterize the processes of nanoparticle formation. On the other 
hand, the technique does not perturb the plasma parameters and cannot affect the properties 
of the resulting product. 

Therefore, the main aims of this work are the emission spectroscopy investigation of 
underwater discharge plasma between metal granules, specifically silver, as well as the 
determination of the main plasma parameters of such discharge – excitation temperature and 
electron density. 

METHODS 

A specially developed pulse power source was used to initiate a discharge between metal 
granules immersed in the deionized water. The voltage applied to electrodes causes a current 
flow along the chain of closely arranged pairs of granules in the stochastic switching mode. 
Investigation of the influence of technology process on dispersion and morphology of the 
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products of metal granules erosion during the formation of local spark discharges was 
performed by varying electrical parameters of the discharge circuit. 

Plasma emission of such discharge was registered by Solar LS SDH-IV spectrometer. The 
spectral sensitivity of such a device was determined by a tungsten band-lamp and is taken 
into account during spectroscopy treatment. 

The excitation temperature was determined using the method of the intensities ratio of the 
atomic and ionic Ag spectral lines according to the equation in an assumption of local 
thermodynamic equilibrium: 

 𝑇−
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2, (1) 

where Ij, λj, Aj, gj and Ej are emission intensity of the corresponding ionic or atomic spectral 
line, its wavelength, transition probability, statistic weight and energy of upper level, 
respectively. kB is a Boltzmann constant, and T is a temperature. 

The electron density of plasma with Argentum vapours in water was determined by the 
assumption that the Stark effect is a dominant mechanism of spectral lines broadening. In 
the case of Hα spectral line, the following equation was used [3]: 

 𝑁𝑒[𝑚
−3] = 1023 × (

𝑤𝑠[𝑛𝑚]

1.098
)
1.47135

,  (2) 

where ws is a Stark width of a spectral line. 

The Voigt function was used for spectral line approximation to determine both the emission 
intensity and full width at half maximum FWHM. The necessity of utilization of this 
approach is caused by the importance of accounting for the instrument function of the used 
spectrometer. 

RESULTS 

The emission spectra of underwater discharge between silver granules were registered (see 
Fig. 1). As one can see, the Balmer Hα spectral line is observed on all spectra. This fact 
seems naturally for underwater discharge and gives a possibility to determine the electron 
density in plasma.  
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Fig. 1. Typical emission spectra of underwater discharge plasma between 
silver granules 

As mentioned above, the Voigt function was used for spectral line approximation to 
determine the electron density from the FWHM of Hα spectral line. The typical profile of 
this line (black dots) and its typical approximation (red curve) are shown in Fig. 2. The 
instrumental function was taken into account as the Gaussian part of Voigt function 
(wG = 0.26 nm). 

 

Fig. 2. Typical approximation of contour of Hα spectral line 

CONCLUSIONS 

The spectra of emission of plasma of underwater electric discharge between silver granules 
were registered. Such spectra were treated by taking into account of spectral sensitivity of 
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registering device. Optical emission spectroscopy was used to determine the main plasma 
parameters: electron density and excitation temperature. The temperature, in this case, was 
determined using the method of the intensities ratio of the atomic and ionic Ag spectral lines. 
The electron density was obtained on the assumption that the Stark effect is a dominant 
mechanism of spectral lines broadening. 

Keywords: emission, plasma parameters, underwater discharge, silver granules, Stark effect 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Plasma spraying is one of the branches of thermal spraying, and it is widely used to develop 
various protective coatings. Coatings deposited by atmospheric plasma spray are being used 
for many applications that require protecting components against corrosion, high 
temperatures, and wear [1]. The structure of deposited coatings depends on plasma spray 
parameters, such as plasma flow rate, temperature, or distance between the plasma generator 
outlet and the substrate [2]. In atmospheric plasma spray, the feedstock powders are injected 
into the plasma jet, melted, accelerated and launched towards the substrate. Process control 
and optimization are essential to fulfilling actual application requirements [3-4]. The 
structure of the coating heavily depends on the melting of ceramic particles in the plasma 
and their impact velocity. In general, insufficient particle melting and low velocity at impact 
lead to high porosity levels and poor bonding between coating and the substrate [5]. 
Mechanical properties of plasma sprayed ceramic coatings highly depend on their 
microstructure and composition. Alumina is chemically stable and effective even at elevated 
temperatures, therefore, it is a base for the most popular high-performance ceramic coatings 
being used in the industry today [6]. Plasma torch power is considered to be one of the most 
effective ways to control the temperature and velocity of the plasma flow. To evaluate the 
influence of plasma torch power on the in-flight particles, studies are focusing on the 
interactions between particles and plasma jet [1], [7-12], but most research in this field is 
done using argon gas. Therefore the main aims of this research were to deposit Al2O3 
coatings using air-hydrogen plasma and to investigate the effect of plasma torch power on 
the microstructure, elemental and phase composition of sprayed coatings.  

METHODS 

Al2O3 and Al2O3-13wt.TiO2 coatings were sprayed on steel (P265GH) substrate at 
atmospheric pressure using a direct current plasma torch developed at the Lithuanian Energy 
Institute (Fig. 1) [13]. The steel substrates (dimensions of 40 × 10 × 6 mm) were polished 
and chemically cleaned before the deposition process to ensure the smoothest possible 
surface. Air is used as the primary (flow rate of 3.7 g·s-1) and the powder carrier gas (flow 
rate of 0.75 g·s-1). Additionally, hydrogen is used as a secondary gas (flow rate of 0.06 g·s-

1). 

mailto:airingas.suopys@lei.lt
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Fig 1. Plasma torch schematic. 1 – Cathode; 2, 4, 6 - insulating rings with 
plasma-forming gas with tangential injection channels; 3 – intermediate 

anode; 5, 7 – neutral sections; 8 – anode 

The steel substrates were placed on the water-cooled sample holder, and the deposition 
duration was 60 s. The spraying distance was kept at 70 mm. Conventional 63–140 µm size 
Al2O3 (MOGUL PC15, purity 99.8 %) powders were used as a feedstock material. Coatings 
were formed using three different power modes: 28 kW, 35 kW and 42 kW, respectively. 
The elemental composition measurements were performed by energy-dispersive X-ray 
spectroscopy (EDS) using Bruker Quad 5040 spectrometer. The surface morphology of 
coatings was analysed by scanning electron microscopy (SEM) using a Hitachi S-3400N. 
The phase composition was determined using X-ray diffraction (XRD) using CuKα (λ = 
0.154059 nm) radiation, and the mean square surface roughness (Rq) was measured using 
the AMBIOS XP-200 profilometer. 

RESULTS 

At the initial input power of 28 kW, the mean temperature of the plasma flow was 3100 K 
(Fig. 2). Increasing the input power to 35 kW, the plasma flow temperature increased to 
3300 K. The highest temperature, 3700 K, was observed using 42 kW input power.  

 

Fig 2. Plasma jet temperature as a function of input power 
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The same dependency was observed in the plasma flow velocity (Fig. 3). It increased from 
970 m/s using 28 kW power to 1160 m/s at 42 kW input power. 

 

Fig 3. Plasma jet velocity as a function of input power 

There are no visible cracks or delamination zones on all three samples. However, there are 
some more unmolten particles on the surface of alumina coating, using the lowest power 
(Fig. 4).  

     

Fig 4. SEM micrographs of coatings surface a)25kW b) 42 kW 

By increasing the power, the surface of the coating became smoother. The mean square 
surface roughness gradually decreased from 7µm (at 28 kW power) to 6, 3 µm (at 35 kW 
power) and to 5.5 µm (at 42 kW power), respectively.  

In all three samples, the dominant phase was α-Al2O3. However, the increasing power 
increased the amount of γ-Al2O3 in the coating. This was attributed to the higher melting 
degree of alumina powders since the gamma phase forms only when the alumina particles 
are fully melted in the plasma jet. This was also confirmed by S. Yugeswaran et al. [14] and 
C. J. Li et al. [7]. In their work, the authors also concluded that the formation of the γ-Al2O3 
phase was only possible from the fully melted alumina particles since the powders consisted 
of only the α-Al2O3 phase. 
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CONCLUSIONS 

Alumina coatings were formed using atmospheric plasma spray at the plasma torch power 
in the range of 28 kW to 42 kW. The results indicated that the increased plasma torch power 
did not affect the elemental composition of the coatings. The quantity of aluminium and 
oxygen were the same, around 39% and 61%, respectively. The increase of the plasma torch 
input power resulted in a decrease in the α-Al2O3 phase and an increase of γ-Al2O3, thus 
contributing to a higher melting degree of alumina powders. This also caused surface 
roughness Rq to decrease from 7 μm to 5.5 μm 

Keywords: (Plasma spraying, plasma torch, Al2O3) 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

In recent years, there has been a continuous increase in interest in intelligent materials. 
Intelligent materials are structures whose properties can be changed appropriately as a result 
of an applied external stimulus. Among this type of materials, one can distinguish, inter alia, 
materials using piezoelectric, electrostrictive and magnetostrictive phenomena as well as 
shape memory phenomena [1]. Each group of intelligent materials has different 
characteristic properties that change under the influence of external stimuli. The changing 
property is a parameter that determines the application potential of material. 
Magnetorheological fluids (MRF), whose rheological properties change as a result of the 
applied magnetic field, are of great interest [2, 3]. MR fluids consist of three main 
components: magnetic particles, carrier fluid and appropriate additives. Ferromagnetic 
particles of iron (Fe), cobalt (Co), nickel (Ni) or their oxides are very often used as magnetic 
particles. Particular attention is paid to carbonyl iron, which is characterized by high 
magnetic properties. Mineral oil, engine oil as well as any low-viscosity synthetic oil are 
used as the carrier fluid. It is essential that the appropriate carrier fluid does not chemically 
react with the active particles. As additives, usually surfactants are used, whose task is to 
reduce agglomeration and sedimentation of magnetic particles. One of the commonly used 
additives are lithium stearate and ferrous oleate [4 - 6]. MRF respond to changes in the 
intensity of the external magnetic field. In the absence of forcing, the magnetic molecules 
are not magnetized, so the total magnetic vector is zero. In such a case, the liquid retains the 
properties of an ordinary Newtonian fluid, which means that the tangential stresses τ increase 
proportionally to the liquid deformation velocity [7, 8]. Elementary particles of MRF placed 
in the area of the magnetic field become magnetized, so they can be considered as 
microscopic magnets [9]. Due to their unique properties, MRF are used in intelligent drive 
systems (clutches, brakes), damping systems (shock absorbers, vibration dampers and 
energy absorbers), as well as in surface treatment - magnetorheological polishing [10]. A 
significant limitation in the application of MRF is the agglomeration and sedimentation of 
magnetic particles. In order to select the appropriate additives limiting these processes, it is 
necessary to measure the MFR particle falling velocity. For this purpose, the most frequently 
chosen method is visual inspection during sedimentation observation. The determination of 
the particle falling velocity is based on the determination of the height of the liquid column 
as a function of time [11]. A visual assessment of sedimentation was presented by Aruna et 
al. [12], Zhang et al. [13] as well as Zhu [14]. Due to the problems related to the 
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determination of sedimentation by the visual method (problems include low accuracy and 
achieving repeatable results), the aim of this work was to design a test rig for measuring the 
falling rate of MFR particles. The assumption of the work was to automate the process 
allowing for more precise measurements. In addition, the creation of such a stand will 
significantly accelerate and facilitate the study of MRF. Thanks to the use of components 
such as a DC motor, drive shaft and electronic control, data acquisition and the processing 
of results based on them will improve and accelerate the work of future users of this platform. 

METHODS 

The concept of the laboratory model is based on the creation of an automated station, which 
includes the following elements: a PLC (Programmable Logic Controller - control over the 
entire process of the measurement), a SCADA system (Supervisory Control And Data 
Acquisition – allowing to visualize the operation of the executive system and displaying the 
collected data), an RLC meter (its advanced possibilities enable easy data acquisition and 
sending data to SCADA), measuring sensor (innovative method of measuring MRF 
sedimentation - induction coil made of winding wire), station platform (supporting structure, 
where individual parts of the entire model can be embedded). 

RESULTS 

In the initial phase of the project, a computer model was created using the vector graphics 
editor - AutoCAD Inventor by AutoDesk, which facilitated the subsequent implementation 
of the entire structure. After making a sketch of the prototype, the next step was to make the 
measuring platform from pre-prepared elements. Figure 1 shows the prototype and the actual 
form of the test rig for measuring the sedimentation of the MRF. 

 
 

Fig. 1.  Computer model versus real platform for liquid sedimentation 
measurement 

CONCLUSIONS 

The aim of this project was to create a laboratory test rig for measuring the velocity of falling 
ferromagnetic molecules. The posted technical documentation, software and collected data 
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testify to the positive implementation of the project topic. The presented data clearly shows 
that with the passage time the boundaries of individual sedimentation areas change their 
location - this proves the correctness used measurement method. The developed solution can 
be used in the future to test magnetorheological fluids applied in the production of couplings, 
shock absorbers and vibration dampers. The presented method allows to determine the 
sedimentation velocity of particles present in the tested liquid. The solution of the work, 
proposed by the author, in the form of a laboratory test rig is easy to use and can be quickly 
analysed. 

Keywords: magnetorheological fluid, PLC, SCADA, sedimentation, velocity 
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ABSTRACT  

The classical constitutive equation for heat conduction, Fourier’s law, plays an 
essential role in the engineering practise and holds only for homogeneous materials. 
However, most of the materials consist of certain sort of heterogeneity, such as 
porosity, cracks, or different materials are in contact. 

We used heat pulse measurement method (“flash method”), a standard method in 
the engineering practise, to measure the thermal diffusivity of various rock samples. 
During the heat pulse experiment the pulse reaches the front of the sample, and the 
temperature of the rear is measured with a thermocouple and recorded. We found 
that the rear side temperature history can deviate from the one predicted by 
Fourier’s law. Therefore, in the evaluation of the experimental data, we used an 
analytical solution of a non-Fourier model, called Guyer-Krumhansl equation. We 
present the measurement methodology and data recorded together with the 
evaluation procedure for two rock samples of types Szaszvar and Szarsomlyo 
Limestone formations from Hungary. We observed the size dependence of thermal 
diffusivity for both Fourier and non-Fourier models. Additionally, we also observed 
the size dependence of the non-Fourier effects, vanishing for thicker samples.  

Keywords: heterogeneous materials, non-equilibrium thermodynamics, size effects, Guyer-
Krumhansl equation 
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INTRODUCTION 

Engineering practice requires reliable methods to determine the necessary parameters that 
are sufficient to characterise the behaviour of a material. In the following, we focus on the 
thermal characterisation of materials, with particular emphasis on heterogeneous materials 
such as rocks. In previous publications [1, 2], it has been reported that the presence of 
different heterogeneities can lead to non-Fourier thermal conduction effects due to the 
simultaneous presence of thermal conduction channels with different characteristic times. 
Such effects can be observed in the so-called "flash" (heat pulse) experiment, in which the 
front face of the specimen is excited by a short thermal pulse and the temperature is measured 
on the rear side [3-5]. This temperature history is used to determine the thermal diffusivity 
to characterise the transient behaviour of the material. 

This non-Fourier effect occurs over a specific time interval, as Figure 1 shows for a typical 
outcome of the flash experiments; this called over-diffusion. After that interval, the Fourier 
equation seems to be a suitable choice for modelling, the effect of heterogeneities disappears, 
furthermore there is no difference between the steady-states described by the Fourier and the 
non-Fourier heat equation, only the transient evolution of temperature differs in these cases. 
Our experimental experience suggests that the existence of over-diffusion depends on a 
number of factors, such as the sample thickness, the typical parallel time scales and the 
excitation (i.e., boundary conditions) [6]. 

The evaluation procedure for flash experiments with non-Fourier heat equations is not yet 
standard. Even numerically, finding solutions to non-Fourier models is not straightforward, 
some methods may lead to incorrect solutions [7], and commercial built-in algorithms are 
not efficient for these models. 

 

Fig. 1. Measured rear side temperature history for the rock sample and 
the prediction provided by Fourier’s theory, where the dimensionless 

time is scaled by the heat pulse, which is 0.01 sec [8]. 
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Models for Heat Pulse Experiments 
Although there are several generalisations of Fourier's law in the literature [9-14], there is 
only one of them that has been shown to be reasonable beyond Fourier theory, called the 
Guyer-Krumhansl (GK) equation [3]. The constitutive equation reads in one spatial 
dimension 

τq ∂tq + q + λ ∂xT − κ
2 ∂xxq = 0. (1)  

In the equation, 𝜏𝑞 is the relaxation time of the heat flux 𝑞 and 𝜅2 is a kind of 'dissipation 
parameter', usually related to the mean free path in kinetic theory. The 𝜕𝑥𝑥𝑞  in the 
constitutive equation allows to properly characterise the so-called over-diffusive 
propagation, presented in Figure 1. When the equality 𝜅2/𝜏𝑞 = 𝛼 holds (with𝛼 = 𝝀/(𝜌𝑐)), 
we call it Fourier resonance .condition as that setting recovers the solutions of Fourier 
equation [2, 16]. Equation (1) is the time evolution equation for the heat flux, and to have a 
mathematically and physically complete system we need the balance of the internal energy𝑒, 

𝜌𝑐𝜕𝑡𝑇 + 𝜕𝑥𝑞 = 0, (2) 

in which the equation 𝑒 = 𝑐𝑇 is used, where 𝑐 is the specific heat and 𝜌 is the mass density. 
All these coefficients are constant, we assume only rigid bodies without a volumetric heat 
source. 

Fig. 2 shows the typical rear side solutions for the Fourier, Maxwell-Cattaneo-Vernotte 
(MCV) and GK models. It can be seen that while the MCV equation gives sharp wave fronts 
for the solution, the GK equation provides a significantly better character with the measured 
data, showing the observed thermal behaviour. Therefore, the GK equation appears to be a 
necessary extension of the Fourier equation that covers practical needs to determine the 
thermal properties of heterogeneous materials as accurately as possible. 

 

Fig. 2. Typical rear side temperature histories for the Fourier ("FOU"), 
Maxwell-Cattaneo-Vernotte ("MCV") and Guyer-Krumhansl ("GK1" 
and "GK2") equations. For the GK model, two different solutions are 
depicted here: "GK1" is a slightly over-diffusive one showing similar 

outcome with the experiments, while "GK2" is a strongly over-diffusive 
solution [8]. 
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In the following, we briefly present the experimental settings together with the applied 
evaluation procedure for both Fourier and GK heat conduction equations. While for the 
Fourier equation the evaluation follows a standard, well-known methodology, the utilisation 
of the GK equation is not straightforward. Therefore, we shortly summarise the developed 
evaluation method based on [8] in Sec. 3. In Sec. 4., we present our new observations for 
Szaszvar and Szarsomlyo Limestone Formations in which we found size effects for both the 
thermal diffusivity and the over-diffusive non-Fourier effect. 

HEAT PULSE EXPERIMENT 

The heat pulse experiments are used to measure the thermal diffusivity of a material by 
registering the rear side temperature history. For the specified settings, see Fig. 3 below. The 
front surface a sample is painted black for absorption, and the rear side is coated with silver 
in order to achieve good contact with the thermocouple. A flash lamp generates the heat 
pulse; its length is 0.01 seconds. For further details, we refer to the earlier papers published 
by our group, [1, 2, 6, 15].  

 

Fig. 3. Arrangement of the heat pulse experiments [15]. 

EVALUATION METHOD 

Evaluation with the Fourier-Theory 

The analytical solution of the Fourier equation for the rear side is [15]: 
𝑇(𝑥 = 1, 𝑡) = 𝑌0 exp(−ℎ𝑡) − 𝑌1 exp(𝑥𝐹) , 𝑥𝐹 = −2ℎ − 𝛼𝜋2, 𝑡 > 30 (8) 

Which is analogous with the classical known ‘one-term solution’. First, the heat transfer 
coefficient ℎ is estimated by selecting two temperature values (𝑇1 and𝑇2, see Figure 4) at the 
decreasing part of temperature history and reading the corresponding time instants (𝑡1 
and𝑡2). In this regionexp (𝑥𝐹𝑡) ≈ 0,  

ℎ = −
ln (

𝑇2
𝑇1
)

𝑡2 − 𝑡1
 . (9) 

While ℎ can be determined from the rear side temperature history, it should be noted that the 
sample is small and as long as ℎ ∙ 𝐴ℎ is constant (𝐴ℎ is the surface area where heat transfer 
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occurs), it is not necessary to determine a heat transfer coefficient for all surface. In Fourier 
theory, the thermal diffusivity can be expressed explicitly [8, 15], i.e. 

𝛼𝐹 = 1,38 ∙
𝐿2

𝜋2𝑡1/2
, (10)  

and can be determined immediately after reading 𝑡1/2. The thermal diffusivity is the ratio of 
the thermal conductivity 𝜆 and the specific heat capacity𝜌𝑐. Then comes the maximum of 
the temperature history (𝑇𝑚𝑎𝑥), where the moment of time 𝑡𝑚𝑎𝑥  can be read when 𝑇𝑚𝑎𝑥 
occurs. This gives the heat transfer coefficients, the thermal diffusivity and𝑇𝑚𝑎𝑥, which are 
used in the Guyer-Krumhansl theory.  

 

Fig. 4. Schematic representation of the Fourier evaluation method, where 
the dimensionless time is scaled by the heat pulse, which is 0.01 sec. The 
green section shows the determination of the heat transfer coefficient, the 

red squares show the meaning of 𝒕𝟏/𝟐 and the yellow squares show the 
location of the maximum temperature [8]. 

Evaluation with the Guyer-Krumhansl Theory 

The situation becomes more difficult in this case, because in contrast to the Fourier theory, 
it consists of two ‘time constants’ (𝑥1  and𝑥2 ) instead of one (𝑥𝐹  in Fourier theory). 
Consequently, it is not easy to find these constants. To check the effect of the simplifications 
made in the following, a parameter analysis was carried out for all possible 𝜏𝑞 and 𝜅2 values 
that may be possible in practice and beyond. However, beyond these, we always had to 
restrict ourselves to a region3 >  𝜅2/(𝛼𝜏𝑞) ≥ 1. The lower limit expresses the Fourier case, 
and all other combinations fall in the over-diffusive region. The highest ratio observed in the 
experiments so far has been around 2.5, so a value of 3 should be appropriate. For𝜅2, the 
region is0.02 < 𝜅2 < 1. We would like to emphasize that the GK theory is not restricted to 
this region, it also allows the under-diffusive ('wave-like') case, which would be most similar 
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to the MCV solution (Figure 2). In the GK theory, the rear side temperature history can be 
expressed as follows [15] 

𝑇(𝑥 = 1, 𝑡 > 40) = 𝑌0 exp(−ℎ𝑡) − 𝑍1 exp(𝑥1𝑡) − 𝑍2 exp(𝑥2𝑡), 𝑥1, 𝑥2 < 0, (11)  
Which is also a ’one-term solution’. In the following, we present a step-by-step [8] approach 
to the determination of the GK parameters, which is illustrated in Figure 5.  

Step 1/A. It can be observed (Figure 1) that the temperature predicted by Fourier’s theory is 
close to the measured temperature at the beginning of the process, then rises more rapidly as 
it approaches the maximum. In other words, the same temperature is reached more quickly 
in this region with Fourier’s theory (usually around 0.7-0.95). Mathematically, this can be 
expressed by formally writing the equations of Fourier and GK theory as follows where the 
fraction on the right is close to 1. It would be possible to introduce a correction factor for 𝑥 
in the iteration procedure if we knew more about 𝜏𝑞 and𝜅2. After rearrangement, we obtain 
the following closed formula for𝑥1: 

𝑥1 = 𝑥𝐹
𝑡𝐹1 − 𝑡𝐹2
𝑡𝑚1 − 𝑡𝑚2

. (16) 

We take 80-90% of𝑇𝑚𝑎𝑥, and then take the mean of the next 20 subsequent measurement 
points as𝑥1. Mathematically, closer data pairs should perform better, but this is not the case 
due to the uncertainty of the measurement data. In our experience, the mean offers a more 
consistent value for𝑥1. 

 

Fig. 5. The schematic representation of the evaluation method using the 
Guyer-Krumhansl theory. Here, the ‘fitted curve’ belongs to the Fourier 

equation [8]. 

 Step 1/B. In parallel with part A, we can determine the coefficient 𝑍1 for each 𝑡𝑚 
and each corresponding 𝑥1,𝑚, 

𝑍1,𝑚 = −exp(−𝑥1,𝑚𝑡𝑚) (𝑇𝑚 − 𝑌0 exp(−ℎ𝑡𝑚)) (17) 

where the subscript 𝑚 represents the value for a measurement point. After 20 subsequent 
measurement points, the average value of the set {𝑍}1,𝑚 is taken. 
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 Step 2. In this step, to obtain 𝑥2 we rearranged the following equation 
𝑇 = 𝑌0 exp(−ℎ𝑡) − 𝑍1 exp(𝑥1𝑡) − 𝑍2 exp(𝑥2𝑡),                       (18)  

to 𝑥2 and calculate the average of the values for each 𝑡𝑚 giving the average value of the set 
{𝑥2,𝑚}

. Unfortunately, for noisy data, this approach can result in positive 𝑥2 values. These 
values must be excluded, otherwise they may lead to instability and meaningless results. 
Careful filtering of the data can help to solve this problem and in fact we use this to facilitate 
the calculation. 

 Step 3. Now that we have both exponents and coefficients, the analytical expressions 
can be explicitly rearrange to the GK parameters and the 𝛼𝐺𝐾, 𝜏𝑞 and 𝜅2 values can 
be calculated [8]. 

 Step 4. Each parameter of the temperature history can be characterized with 𝑅2, the 
coefficient of determination [8]. 

In practice, this evaluation method reduces the number of 'fitted' parameters. Moreover, it is 
limited to a relatively narrow range, i.e. the evaluation procedure takes only a few seconds 
instead of running computationally expensive algorithms that take hours.  

NON-FOURIER THERMAL BEHAVIOUR 

The evaluation procedure described above [8] is used on several rock samples, the results of 
which are shown below.  It is noted that the samples are manufactured by Kőmérő Ltd. as 
the necessary infrastructure and technology is available there. The thin 1.9 mm thick rock 
sample is challenging to produce due to, for example, its fragility, so only one of each 
thickness of rock is available. 

 

Fig.6. Szarsomlyo Limestone Formation sample (left) and Szaszvar 
Limestone Formation sample (right). 

SZARSOMLYO LIMESTONE FORMATION 

The results obtained from the evaluation for the Szársomlyó limestone formation are shown 
in Table 1. The non-Fourier effect is observed for the thinner samples. As the thickness 
increases, the Fourier theory fits the temperature history well. The evaluations are shown in 
Figures 7-9. Notably, the difference in thermal diffusivities for both models are significant 
between cases of 2 mm and 2.15 mm thicknesses. For thicker samples, the Fourier model 
becomes adequate. 
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Table 1. Summary of fitted thermal parameters of the Szársomlyó limestone formation. 

Szarsomlyo 
limestone 
formation 

𝛼𝐹 𝛼𝐺𝐾 𝜏𝑞 𝜅2 

10−6[𝑚2/𝑠] 10−6[𝑚2/𝑠] [s] 10−7[𝑚2] 
2 mm 0.5113 0.5812 0.4180 0.0835 
2.15 mm 1.1186 1.0254 0.4010 0.1127 
2.85 mm 1.1413  - - - 
3.85 mm 1.1197  - - - 

 

Fig. 7. Rearside temperature history in the L = 2 mm sample of the 
Szársomlyó limestone formation. 
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Fig. 8. Rearside temperature history in the L = 2.15 mm sample of the 
Szársomlyó limestone formation. 
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Fig. 9. Rearside temperature history in the L = 2.85 mm and L = 3.85 mm samples of the 

Szársomlyó limestone formation. 

Szászvár Limestone Formation 

In the case of the Szászvár Limestone Formation, the results of the evaluation are shown in 
Table 2.  

Table 2. Summary of fitted thermal parameters of the Szászvár limestone formation 

Szászvár 
limestone 
formation 

𝛼𝐹 𝛼𝐺𝐾 𝜏𝑞 𝜅2 

10−6[𝑚2/𝑠] 10−6[𝑚2/𝑠] [s] 10−7[𝑚2] 
3.05 mm 1.4048 1.4505 0.4273 0.0815 
3.8 mm 0.8598 0.8815 0.5229 0.0409 
3.9 mm 1.251 - - - 

In the case of the rocks, a similar phenomenon can be observed as in the case of the 
Szársomlyó sample. On thinner samples, a non-Fourier effect is observed, which disappears 
with increasing sample thickness and the Fourier equation models our rock sample well.  
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SUMMARY AND DISCUSSION 

We have developed an algorithm to efficiently evaluate room temperature heat pulse 
experiments in which a non-Fourier effect could present. This is called over-diffusive 
propagation and detunes the thermal diffusivity, even when the deviation is seemingly small 
or negligible for the rear side temperature history. The presented method is based on the 
analytical solution of the Guyer-Krumhansl equation, including temperature-dependent 
convection boundary condition, thus the heat transfer to the environment can be immediately 
included in the analysis.  

We observed the size dependence of the thermal diffusivity for both heat conduction models, 
therefore it is not unique for the non-Fourier behaviour but also could forecast the presence 
of over-diffusion. That effect originates in the heterogeneities. Due to the equipment 
limitations, it is not possible to use samples with representative size, i.e., a size for which 
the thermal parameters are constant by having the heterogeneous effects averaged. 
Unfortunately, it is difficult to produce such thin rock samples, therefore it limits the 
measurements capabilities, however, these results stand as a strong motivation to continue 
the research and discover these effects more deeply. That dependence is strong for both rock 
types. Interestingly, the increase could be significant, more than 50 %. Additional size effect 
can be observed for the over-diffusion phenomenon, too. The modelling capabilities of the 
Fourier equation are better for thicker samples. Overall, it motivates further research and the 
need for more samples, providing a better resolution in thickness. Moreover, we also need 
multiple samples from the same thickness in order to investigate the sudden changes in the 
size dependence of thermal diffusivity. 

We believe that this procedure lays the foundations for more practical engineering 
applications of non-Fourier models, especially for the best candidate among all of them, the 
Guyer-Krumhansl equation. It sheds new light on the classical and well-known flash 
experiments, and we provide the necessary tools to find additional thermal parameters to 
achieve a better description of heterogeneous materials. It becomes increasingly important 
with the spreading of composites and foams and helps characterize 3D printed samples with 
inclusions. With continuing the experiments, our goal is to find a relationship between the 
non-Fourier coefficients and the material structure. For instance, we aim to analyse multiple 
foam samples with different inclusion sizes, expectedly connecting production parameters 
to the non-Fourier effects. 
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ABSTRACT 

This study presents a preliminary investigation of drag reductions of a circular 
cylinder in cross flow through the use of rectangular notched flat plates placed 
upstream. Four flat plate models with rectangular notches were constructed in order 
to study the effect on the time-averaged drag, ⟨CD⟩, of both geometric notch 
parameters (i.e. notch depth, 2a, and notch length, λ-f) and the ratio of gap between 
cylinder and plate to cylinder diameter (i.e. dimensionless gap, g/D). The results 
show that plain flat plate (P00) is the most successful device for reducing ⟨CD⟩ of 
the entire system in the range of g/D investigated. The maximum drag reduction of 
40% at a Reynolds number (ReD) of 12600±700 occurred for a g/D of 1.75. It is 
seen that the ⟨CD⟩ for the plain cylinder with P03 (i.e. a notched flat plate) falls to 
a minimum value of 0.80 at approximately g/D=0.75. At the diameter-based 
Reynolds number studied (ReD=12600±700), the reduction in ⟨CD⟩ obtained by a 
plain flat plate (P00) was only 5% greater than that obtained by a notched flat plate 
(P03). However, the dimensionless gap required to reach the minimum ⟨CD⟩ is 
nearly halved when a notched plate placed upstream instead of the plain one. 

Keywords: Passive flow control, Drag reduction, Three-dimensional effects, Cylinder, 
Notched flat plate 
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INTRODUCTION 

Aerodynamic or hydrodynamic flow control is a hotly pursued topic in fluid dynamics and 
includes methods which bring about a desired change in the simple or complex flow field. 
Flow control methods can be classified according to energy requirements for their devices; 
that is, active flow control methods (requiring auxiliary power) and passive flow control 
methods (requiring no auxiliary power). Dielectric barrier discharge (DBD) plasma actuator 
[1, 2], synthetic (zero-net-mass-flux) jet actuator [3, 4], steady-suction system [5], and 
steady-blowing micro jet system [6] are typical examples of active flow control methods. 
Perforated shell [7], leading-edge tubercles [8, 9], distributed passive jets [10], hexagonal 
dimples [11], and slits [12] are typical examples of passive flow control methods. 

Upstream control body is another passive flow control method. This method utilizes a small 
bluff control body placed upstream of and parallel to the main bluff body. It is very effective 
in reducing time-averaged and fluctuating forces acting not only on the main bluff body but 
also on the entire system consisting of upstream and main bluff bodies; thus, it has attracted 
the attention of many researchers [13-27]. The effects of various geometrical (i.e. upstream 
control body shape, upstream control body size, main body shape, gap between upstream 
control body and main body, angle of incidence/attack, wall proximity, etc.) and physical 
(i.e. Reynolds number, rotational speed of the upstream control body, etc.) parameters on 
the aerodynamic, flow, and heat transfer characteristics were tested. 

Although many upstream-placed small parts for the reduction of bluff body drag have been 
proposed in the literature by previous investigators, almost none of these parts enhanced the 
three-dimensionality within the gap between that part and the bluff body since they have a 
uniform solid cross-section along their whole span [13-27]. It is well known, for example 
Tombazis and Bearman [28], Bearman and Owen [29], Nakamura and Igarashi [30], Cai et 
al. [31], Lam and Lin [32], and Park et al. [33], the fluctuating and time-averaged forces of 
nominally two-dimensional bluff bodies can be suppressed and/or reduced by introducing 
some devices which trigger spanwise instabilities to weaken regular and nominally two-
dimensional vortex shedding. Furthermore, the devices which trigger spanwise instabilities 
are generally located at the surface/surfaces of the one main body. In this study, spanwise 
instabilities will be triggered by the upstream-placed body. This is the major difference 
between the present experimental investigation and those mentioned above (i.e. [13-33]). In 
this study, we compared the drag performance of a plain cylinder with upstream notched flat 
plate to a plain cylinder with upstream plain flat plate. 

EXPERIMENTAL SETUP 

Experiments were performed in a closed-return, low-speed wind tunnel in the Department 
of Mechanical Engineering at the Munzur University. The tunnel has a 2.5 m long test 
section with cross-section 1 m high by 1 m wide. The maximum fee stream turbulence 
intensity (Tux) in the test section is 1%. Tunnel speed was measured with a handheld hot-
wire anemometer upstream of the model. To minimize the effects of the floor boundary layer, 
a ground plane mounted on the tunnel floor in combination with a turntable and force 
measurement system (Fig. 1). The gap between the bottom wall of the test section and ground 
plate was 100±0.2 mm. The leading and trailing edges of the ground plane are sharp. 

Experiments were conducted at free-stream velocity of U∞=5.3±0.3 m/s, resulting in a 
Reynolds number of ReD=12600±700 based on the diameter of the cylinder (D). The 
cylinder, upstream plates, and end plates were printed using FDM (Fused Deposition 
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Modelling) technology on a properly calibrated low-cost 3D printer using PLA+ material 
(Fig. 2; TEVO 3D Electronic Technology Co., Ltd., Tornado). The cylinder model used in 
the investigation had a diameter (D) of 40±0.1 mm, a wall thickness of 2±0.1 mm, and a 
length of 300±0.2 mm. The flat plate models used in the investigation had a wall thickness 
(t) of 3±0.2 mm, and a length of 300±0.1 mm. Furthermore, they did not bend with the flow. 
The end plates used in the investigation had a diameter of 220±0.1 mm and a wall thickness 
of 3±0.2 mm. 

Ground plate
support

(NACA0010)

Upstream

flat plate

Rotary table

Ground

plate

Bottom surface of

the test section

Vertical

support

Bearing

Bearing
Yaw angle

adjustment
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Swinging
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Fixed
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End plates

Plain
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Fig. 1. Schematic of the aerodynamic drag measurement system. Flow is 
from right to left. 

 

Fig. 2. The picture of entire system (i.e. cylinder with upstream flat plate) 
fitted with end plates and schematic of the entire system with geometric 

parameters (in the right side). 
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Fig. 3. Geometric parameters of upstream notched flat plate and front 
views of flat plates with labels (in the right side). Here, h=hi+2a, h= ho-

2a, and λ=40±0.1 mm. 

Table 1. Terminology regarding upstream plate types 

Label f (mm) hi (mm) ho (mm) 
P00 - 15 15 
P01 10 10 20 
P02 10 12 18 
P03 20 10 20 
P04 20 12 18 

Figure 2 shows the entire system (i.e. cylinder with upstream flat plate) to be tested with 
geometric parameters. The entire system was aligned in the vertical direction. The entire 
system fitted with end plates was fixed to the turntable using a double-sided thin tape. The 
turntable is concentric with the lower end plate. Flat plates, placed upstream of the cylinder, 
were moved to different positions by inserting them into the slots on the end plates. End 
plates were aligned parallel to the flow using a spirit level with a measurement accuracy of 
0.06° (STABILA, 11990). Upstream flat plates were aligned perpendicular to the flow using 
a self-levelling green cross line laser that is accurate to 0.3 mm/m (DeWALT, DW088CG). 
Fig. 3 shows geometric parameters of notched plate and printed plain/notched flat plates 
based on the values given in Table 1. Four notched and one plain flat plates were tested. 

Aerodynamic drag was recorded by one-component load-cell (ME-Meßsysteme GmbH, 
KD60-5N), which located under the test section of the tunnel (Fig. 1). The uncorrected time-
averaged drag acting on the entire system or single cylinder, ⟨FD-un⟩, was obtained by 
equation 1.  
 

unDSunDTunD FFF   ,  (1) 

where ⟨FDT-un⟩ is the time-averaged drag acting on the components of the drag measurement 
system inside the test section, end plates, and entire system or single cylinder and ⟨FDS-un⟩ is 
the time-averaged drag acting on the components of the drag measurement system inside the 
test section and end plates. The aerodynamic drag was sampled at 200 Hz for 40 s (Marmatek 
Measurement Technologies, VTA-1704). It was nondimensionalized (drag coefficient) 
using equation 2. 
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22  , (2) 

where ρ is the air density (kg/m3) and AF is the frontal area of the entire system at zero angle 
of attack (m2). The frontal area of the entire system and single cylinder is 0.012 m2. The 
aspect ratio of upstream plate and single cylinder was 7.5. Although the geometric blockage 
was small (4%) the correction method due to Allen and Vincenti [34] was applied to all the 
time-averaged drag data. 
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where ⟨CD⟩ represents the corrected time-averaged drag coefficient of entire system or single 
cylinder and W represents the width of the test section (m). Throughout the experiments, the 
angle of attack for the entire system was kept constant at 0±0.4°. The uncertainty associated 
with the drag coefficient measurements is determined to be ±7%.  

The key parameters investigated in this study are the ratio of gap between cylinder and plate 
to cylinder diameter (i.e. dimensionless gap, g/D) and the shape of the rectangular notch (i.e. 
depth, 2a, and length, λ-f). The dimensionless gaps tested range from 0 to 2±0.7% in 
0.125±0.7% increments. 

RESULTS AND DISCUSSION 

Irrespective of the type of plate placed upstream of the plain cylinder, it is evident that the 
⟨CD⟩ of the entire system (i.e. cylinder with notched or plain upstream flat plate) is lower 
than that of the single cylinder (Figs. 4-5). Furthermore, the shape of the entire system 
resembles that of a single bluff body and the minimum drag reduction is generated when the 
plain cylinder and upstream flat plate are in contact, at g/D=0. 

In the case of the plain cylinder with P00, detachment of the plate from the plain cylinder 
results in a sharp drop in ⟨CD⟩ (Fig. 4 and 5). It is not yet clear why there is a sharp drop in 
the ⟨CD⟩ as the dimensionless gap is increased from g/D=0 to 0.125 but it would seem to be 
due to the pressure redistribution on the front surface of the cylinder and the rear surface of 
the plate [16]. From g/D=0.125 to 1.75, the drag coefficient of the entire system steadily 
decreases to a value of ⟨CD⟩=0.74 which is approximately 60% of the drag coefficient for a 
single cylinder. Further increase in dimensionless gap beyond the point of minimum drag 
(i.e. for g/D>1.75) results in an increase in the ⟨CD⟩ which is consistent with the appearance 
of the transition regime (generally referred to as bistable regime) where the flow swaps 
between the current (generally referred to as cavity mode) and next (generally referred to as 
wake-impingement mode) modes of flow in an intermittent fashion [14-16, 18, 20]. 
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Fig. 4. Variation of corrected drag coefficient, ⟨CD⟩, with dimensionless 
gap, g/D, for a single cylinder, a cylinder with P00, a cylinder with P01, 

and a cylinder with P02. ReD=12600±700.  

In the case of the plain cylinder with one of the notched plates (i.e. P01, P02, P03, or P04), 
a sharp drop in the ⟨CD⟩ was not occurred as the dimensionless gap is increased from g/D=0 
to 0.125 but from g/D=0.125 to 0.250. The actual mechanism of this shift is unclear. 
Compared to the P01 and P02, P00 (plain flat plate) is more successful in reducing ⟨CD⟩ in 
the range of g/D investigated (Fig. 4). 
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Fig. 5. Variation of corrected drag coefficient, ⟨CD⟩, with dimensionless 
gap, g/D, for a single cylinder, a cylinder with P00, a cylinder with P03, 

and a cylinder with P04. ReD=12600±700.   

Figure 5 illustrates that ⟨CD⟩ values of the cylinder with P03 follow a bilinear trend. The 
time-averaged drag coefficient of a cylinder with P03 undergoes a linear reduction with 
increasing dimensionless gap, from 1.15 to a minimum value of 0.80 occurring at g/D=0.75. 
At g/D=0.75, the ⟨CD⟩ for the cylinder with P03 dropped to 0.80 while for the cylinder with 
P00 data shown in Fig. 5 the ⟨CD⟩ at the same g/D is 0.9, a reduction with the P03 of 11%. 
The ⟨CD⟩ for the cylinder with P03 remains relatively constant at approximately 0.81 for the 
remainder of the g/D range investigated (i.e. 0.75<g/D≤2.00). 

For the cylinder with P04, trend in the time-averaged drag coefficient have also been plotted 
in Fig. 5. The ⟨CD⟩ of the cylinder with P04 is following a similar trend with that of the 
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cylinder with P00. For much of the g/D range investigated, the results for the cylinder with 
P04 showed only minor differences. 

CONCLUSIONS 

On the basis of previous investigations, it is clear that upstream control body is an effective 
means of reducing the drag acting on the main bluff body as well as on the entire system. 
However, none of these investigations examined the effect of upstream body which does not 
have a uniform solid cross-section along its whole span. The novelty of this study is the use 
of a three-dimensional upstream control body (i.e. notched flat plate) which enhances the 
three-dimensionality within the gap region between the plain cylinder and upstream control 
body. 

This study presents a preliminary investigation of drag reductions of a circular cylinder in 
cross flow through the use of rectangular notched flat plates placed upstream. Four flat plate 
models with rectangular notches were constructed in order to study the effect on the time-
averaged drag, ⟨CD⟩, of both geometric notch parameters (i.e. notch depth, 2a, and notch 
length, λ-f) and the ratio of gap between cylinder and plate to cylinder diameter (i.e. 
dimensionless gap, g/D). 

The results show that plain flat plate (P00) is the most successful device for reducing ⟨CD⟩ 
of the entire system in the range of g/D investigated. The maximum drag reduction of 40% 
at a Reynolds number (ReD) of 12600±700 occurred for a g/D of 1.75. It is seen that the ⟨CD⟩ 
for the plain cylinder with P03 (i.e. a notched flat plate) falls to a minimum value of 0.80 at 
approximately g/D=0.75. At the diameter-based Reynolds number studied, the reduction in 
⟨CD⟩ obtained by a plain flat plate (P00) was only 5% greater than that obtained by a notched 
flat plate (P03). However, the dimensionless gap required to reach the minimum ⟨CD⟩ is 
nearly halved when a notched plate placed upstream instead of the plain one. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Energy demand is increasing considerably in the coming years as the result of population 
growth and economic development. Due to that, the energy efficiency must be increased by 
using renewable and alternative fuel sources or improving old energy systems by optimizing 
them. To increase the efficiency of thermal power and boiler plants, they are equipped with 
condensing heat exchangers (economizers). 

The studies of condensation heat transfer process are mainly focused to the cases of parallel 
flow in the single vertical tube and horizontal tube bundles in the crossflow. However, there 
is only limited information on flue gas condensation in a vertical tube bundles [1], especially 
with small vapor volume fraction in the flue gas. Due to that, there are a lot of gaps in 
optimizing operation of condensing vertical tubes equipped heat exchangers which are 
working in the flue gas environment (environment with a mix of non-condensable gases 
(NCG) and water vapor). Due to that, effect of numerous factors like Reynolds number, 
condensate formation pattern, etc. has not been investigated in detail.  

Shell & tube type condensing economizers are common in Lithuania, where condensation 
processes investigated in [2]. In this work, preliminary condensation process analysis in a 
finned tube type condensing heat exchanger was performed.  

METHODS 

In this experimental investigation of condensation, processes have been performed in the 
condensing heat exchanger mock-up constructed at the Lithuanian Energy Institute. The 
experimental setup consists of the heat exchanger (the test section), biofuel boiler, cooling 
water lines, flue gas line, and data acquisition system.  

mailto:laura.mingilaite@ktu.lt
mailto:Robertas.Poskas@lei.lt
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The test section is finned tube counter-current heat exchanger (internal dimensions 
0.302x0.108x1.228 m) with inline arranged vertical tubes (inner diameter 0.014 m) bundles. 
The test section has three stages and eight parallel rows of tubes, which were installed 
between holding planes. The tube bundle has a transverse pitch of 0.027 and a longitudinal 
pitch of 0.13. In the bundle used one-line tubes with a length of 2.85 meters. 

The flue gas was produced by burning wood pellets. The boiler’s different power level (can 
be changed from 50-100 percent) was used to produce different flue gases with different 
amount of NCG by controlling air ratio in fuel combustion process.  

During experiments, the flue gas from the boiler went through the gas duct to the inlet of the 
test section where it flowed around the cooling water tube bundles surface. The condensation 
process occurred when the flue gas was exposed to cooled surface of tubes. After the 
condensation process, the remaining flue gas was directly exhausted to the atmosphere 
through the flue gas pipe (chimney). 

During the experiments, thermocouples, flowmeter, micro manometer with a pilot tube were 
used to measure the flue gas and cooling water temperature, cooling water flow rate, and the 
flue gas flow rate. The experiment was conducted changing the flue gas (temperature – 414-
424 K; velocity – 0.5-2 m/s) and cooling water (flow rate – 2 l/min) parameters and the flue 
gas composition (water vapor mass fraction – 0.09-0.15). 

RESULTS 

Fig. 1 shows the temperatures distribution in the test section in case of Rein = 900, when 
vapor inlet mass fraction is 0.11 and cooling water flow rate is 2 l/min. From the figure, we 
can see that average flue gas and tube surface temperatures are decreasing along the test 
section from the inlet position 1 until the outlet position 9 of the test section. Flue gas 
temperature decreases from 115 oC to 55 oC and tube surface temperature increases from 30 
oC to 40 oC. Cooling water temperature inside tubes increases from its inlet position 9 until 
the outlet 1 about 10 oC. The highest difference between flue gas and cooling tube surface 
temperature is observed in the beginning of the test section. It is known that, when the tube 
wall temperature from the flue gas flow side is lower than the dew point temperature, water 
vapor starts to condensate on the wall. Because of that, the temperature difference between 
the flue gas and the surface of tubes decreases. 
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Fig. 1. Typical distribution of temperatures in test section: 1 – average 
flue gas flow temperature, 2 – average tube wall surface temperature, 3 – 

cooling water temperature in the tube 

Condensate was collected in the separate sections of heat exchanger. In order to determine 
the effects of the flue gas inlet velocity on the condensation capture rate, the experiments are 
conducted at different flue gas velocities. It is observed that at low flue gas velocity 
condensate capture rate increases with the increase of water vapor mass fraction. The 
increases of vapor mass fraction for about 5 percent results in condensate capture increase 
for about two times – from ~35 percent till approx. 60 percent. In case of higher flue gas 
velocity on condensate capture rate is similar – increasing. However, at higher flue gas 
velocity the test section is not capable to condensate such a quantity of vapor as in case with 
lower flue gas speed. 

CONCLUSIONS 

 Investigations performed at small flue gas Re number (Rein = 300) showed that 
condensation efficiency of about 60 percent can be reached. 

 Further investigations are intended to investigate the effect of different factors 
(cooling water flow rate, Re numbers, inlet flue gas temperature, and vapor fraction) 
on condensation efficiency.  

Keywords: condensation, finned tube type condensing heat exchanger, water vapor, non-
condensable gases 
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ABSTRACT 

In this study, using the Computational Fluid Dynamics (CFD) approach, the 
design and performance analyses of a radial-type inflow turbine was conducted 
for an organic Rankine cycle. The CFD simulations were carried out at 6 pressure 
ratios and a rotational speed of 22,728 rpm. The condition with 20 bars inlet and 
8 bars outlet pressures seemed to be the optimum operating point, where the 
turbine delivered 126 kW of power at a mass flow rate of 8.61 kg/s. This 
corresponded an efficiency of 78.2 %. The results also showed that the 
streamlines were quite ordered and remained nearly parallel to the walls of the 
impeller, and the flow Mach number gradually decreased deep inside the cascade. 
As a result, a subsonic discharge succeeded from the impeller and no tip vortex 
formation was observed. The analyses of other flow properties inside the turbine 
proved that all the design criteria set initially were satisfied. 

Keywords: Radial inflow turbine design, CFD, organic Rankine cycle. 
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INTRODUCTION 

In the recent years, renewable energy sources have become increasingly important in 
electricity generation. As the conventional power generation methods do not efficiently 
convert heat source into electrical power, a significant research has been conducted on how 
to exploit and integrate low to moderate temperature heat sources into current systems. 
Organic Rankine cycle (ORC) is one of the thermodynamic cycles that has a profound 
potential in producing power and, hence, generating electricity, by converting thermal 
energy that would otherwise be wasted [1]. 

An organic Rankine cycle is comprised of an evaporator, a condenser, a pump and a turbine. 
Although the thermodynamic processes involved are similar to that of a steam Rankine 
cycle, the use of an organic working fluid allows more effective heat recovery from low 
temperature heat sources. The major advantage of using an organic working fluid is that it 
mostly requires only one expander stage for the turbine, which lowers both the capital and 
the maintenance costs [1]. 

The turbine, where the energy extraction from the working fluid occurs, is one of the most 
crucial components in a power generating thermodynamic cycle. Therefore, the design of a 
turbine is critical for the overall efficiency of the cycle. Depending on the inlet and exit 
conditions and the cycle type, different turbine types are used: Axial flow turbines are most 
suitable for systems with low pressure ratio and high flow rates, whereas radial flow turbines 
are generally preferred in high pressure ratio systems with lower flow rates. Since an organic 
Rankine cycle presents an alternative way of the latter arrangement, a radial inflow turbine 
(RIT) is found most suitable and preferable choice regarding maximum efficiency and power 
output [2]. 

Significant amount of research has been done on the optimization of the RIT design for an 
ORC. To improve the efficiency of the cycle Dong et al. [3] used the particle swarm 
optimization algorithm. Loss correlations have been developed to study efficiency of the 
turbine and its effects on the cycle [4]. Schuster et al. [5] verified the loss correlations present 
in the literature against experimental results and CFD analyses. Maximizing net power of 
the cycle is a popular objective function in these studies, where White and Sayma [6] applied 
two step optimization on an ORC and RIT. On the other hand, maximizing turbine efficiency 
is the most popular objective function in the literature for the RIT optimisation. The genetic 
algorithm was also applied on the cycle (Rahbar et al. [7]) to maximize the efficiency of the 
turbine. Bekiloglu et al. [8] conducted a preliminary design process for an RIT using the 
multi-objective optimization (NSGA-II) which was based on 28 different working fluids and 
3 heat source temperatures 90℃, 120℃, and 150℃: R134a is found to be the optimum 
working fluid for all of the heat source temperatures analysed. The main geometric 
parameters of an RIT were optimized for all three heat source temperatures and various 
working fluids. 

Whatever the optimization method is used and the extent of their success, it is still a 
challenging task to build an ORC/RIT system. Nowadays, the design of real systems has 
been conducted mainly on ad hoc basis, relying on empirical correlations obtained at some 
lab-scale models. Hence, a systematic approach is needed, and this requires a better 
understanding of the fundamental parameters of the turbine system. With the current 
measurement techniques, it is almost impossible to extract sufficient information on the 
details of the flow dynamics and the efficiency issues, which precludes the wider use of 
experimental methods. On the other hand, with the advent of computational methods, 
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designers rely more and more on numerical techniques in the analyses of complex flow in 
these devices in order to reduce the iteration loop of the conception-design-test cycle. 
However, a consistent description of the complex thermo-fluid processes requires well-
resolved computations of mass, momentum and energy, which means handling of a large 
system of stiff partial differential equations. Therefore, it seems necessary to implement 
numerical models, which are simple but can capture the main features. The present study 
exploits the working conditions of Bekiloglu et al. [8] to build the detailed 3D design using 
the CFD tool. The intermediate blade geometry design has been carried out to meet the 
requirements of the given organic Rankine cycle in terms of power output and with R134a 
as the working fluid. 

DESIGN METHODOLOGY 

The results of Bekiloglu et al. [8] for R134a fluid and a turbine inlet temperature of 90℃ are 
used to initiate the present 3D design. These parameters, however, were not sufficient per se 
to fully define a 3D geometry. Thus, while preliminary design results are used to describe 
some of the geometry variables, additional constraints available in the literature are also 
considered to finalise the current model [9]. Main geometrical parameters of the cycle shown 
in Fig. 1, and the design parameters are listed in Table 2. 

 

 

Fig. 1. Main geometrical parameters for an RIT blade [8]. 
 

 

Fig. 2. Velocity triangles at the inlet of the impeller. 
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Fig. 3. Velocity triangles at the exit of the impeller. 

Table 2. Numerical values of 3D radial inflow turbine design parameters. 

Impeller 

𝑟3 52.3 mm 𝑟4 47.4 mm 
𝑟𝑡𝑖𝑝,5 33.2 mm 𝑟ℎ𝑢𝑏,5 13.3 mm 
𝛽4 56.1° 𝛽5 60.6° 
Z 14 Ω 2380.1 rad/s 

Casing 
𝑟1 89.7 mm 𝑟2 64.6 mm 
𝑟3 52.3 mm 𝑟𝑣𝑜𝑙𝑢𝑡𝑒 25.1 mm 
𝑟𝑠𝑞 5.00 mm   

GOVERNING EQUATIONS 

The flow inside the machine is expected to be compressible and, therefore, the continuity 
equation in vectorial notation reads 

 𝛁  ⋅   (𝛒 𝐔) = 𝟎. 
( 1 ) 

 

Since the period-averaged steady-state performance of the turbine is the focus of this study, 
steady form of the equations are used. Steady, compressible Navier-Stokes equation is 
expressed as, 

 𝜌(𝐔 ⋅ 𝛁)𝐔 = −𝛁𝑝 + 𝛁 ⋅ 𝝉. 
( 2 ) 

 

R134a is reported to exhibit Newtonian fluid behaviour [10, 11] and, therefore, Equation 2 
is used in the following form 

 𝜌(𝐔 ⋅ 𝛁)𝐔 = −𝛁𝑝 + 𝜇𝛁 ⋅ [𝛁𝐔 + (𝛁𝐔)T], 
( 3 ) 

 

where𝐔,𝜌,𝑝, 𝜇 denote fluid velocity, density, pressure, and dynamic viscosity, respectively.  
The Reynold-Averaged Navier-Stokes (RANS) model is used to consider turbulence effects: 
Realizable 𝑘-𝜖 turbulence is preferred for the closure as it works better in turbomachinery 
applications for good accuracy [12, 13, 14]. The transport equations for the turbulence 
parameters read 

 𝜌𝛁 ⋅ (𝑘𝐔) = 𝛁 ⋅ [(𝜇 +
𝜇𝑡

𝜎𝑘
)𝛁𝑘] + 𝐺𝑘 − 𝜌𝜖 + 𝑆𝑘; 

( 4 ) 
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 𝜌𝛁 ⋅ (𝜖𝑼) = 𝛁 ⋅ [(𝜇 +
𝜇𝑡

𝜎𝜖
)𝛁𝜖] + 𝜌𝐶1𝑆𝜖 − 𝜌𝐶2

𝜖2

𝑘+√𝜈𝜖
+ 𝑆𝜖, 

( 5 ) 

 

where 𝐺𝑘 is turbulence kinetic energy generation due to the mean velocity gradients;𝐶1, 𝐶2, 
𝜎𝑘, 𝜎𝜖 are the standard constants [15]; 𝑆𝑖 are the source terms. 

The temperature of the fluid is solved for using the enthalpy transport equation given as, 

 𝛁 ⋅ (𝜌 𝐔 ℎ) + 𝛁 ⋅ (𝜌 𝐔 𝐾) = 𝛁 ⋅ (𝛼
eff
𝛁ℎ), 

( 6 ) 

 

where the effective thermal diffusivity (𝛼
eff

) is the sum of laminar and turbulent diffusivities. 
The ideal gas law is used to calculate density  

 𝜌 =
𝑝

𝑅 𝑇
. 

( 7 ) 

 

The R134a fluid is assumed to have constant viscosity and specific heat where its 
thermophysical properties are given in Table 3. 

Table 3. Thermophysical properties of R134a. 

𝑀 102.3 kg/kmol 𝐶𝑝 2437 J/kg K 
𝜇 7.81 ∙ 10−6 kg/m s 𝑃𝑟 3.5 

COMPUTATIONAL SETUP 

The turbine geometry is shown in Fig. 4. The computational setup has 3 boundaries: inlet, 
outlet, and casing. 

 

Fig. 4. Computational setup of the problem. 

At the inlet, a prescribed value for the pressure is given at each case, and a zero-gradient 
boundary condition is used for the velocity where the vectors are set to be perpendicular to 
the surface. Also, a 5% turbulence intensity is given for the inflow with a length scale 
calculated from the pipe diameter [16]. At the outlet, the pressure is fixed as 8 bar and, for 
the velocity, a second type (Neumann) boundary condition is imposed as a zero-gradient. 
All other flow variables are set to have zero gradient at the outlet. The walls are defined as 
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no-slip, where the rotor has an angular speed of 22,728 rpm. The temperature at the inlet is 
taken constant at 363 K. The thermal boundary condition at the walls and the outlet is set as 
adiabatic.  

The finite volume method is used for solving the partial differential equations on an open-
source platform OpenFOAM [17]. A steady-state compressible solver (rhoSimpleFoam) is 
used for the turbulent flow inside the machine [18]. It has co-located variable arrangement 
[19] and uses the SIMPLEC algorithm [12, 15]. Central differencing scheme is used in finite 
volume discretisation; Gauss linear interpolation schemes are preferred for divergence and 
Laplacian discretization to preserve second order accuracy [15]. To increase solver speed, 
geometric-algebraic multi-grid (GAMG) iterative solver is preferred for pressure equations 
[20]. On the other hand, a preconditioned bi-conjugate gradient (PBiCG) solver is used for 
velocity, enthalpy, 𝑘 and epsilon equations. Convergence criteria for pressure and continuity 
is set to1.0 ∙ 10−3, and 1.0 ∙ 10−6 is used for all of the other variables. 

A mesh with 2,003,312 cells is used, which is shown in Fig. 5. In order to ensure smooth 
transition of the flow variables from the MRF region, the mesh is specifically refined inside 
the MRF zone and near to its boundary (see Fig. 6). A further refinement is applied near the 
zones with a steep gradient [12] such as regions close to the walls, inlet-outlet and the rotor 
blades in order to accurately resolve the turbulence scales in the turbine. 

 

 

Fig. 5. Mesh of the geometry. 
 

 

Fig. 6. Mesh refinement inside MRF region. 
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RESULTS AND DISCUSSION 

Characteristic Curves 

The CFD simulations are performed for 6 pressure ratios at rotational speed of 22,728 rpm. 
The pressure and viscous forces on the impeller are recorded and used to calculate the power 
generated by the turbine. The results of each case are tabulated in Table 4. At the design inlet 
pressure of 20 bar, the turbine is observed to extract 126 kW of power. Furthermore, the 
mass flow rate is observed to increase with the inlet pressure (without the turbine being 
choked) in all the cases considered. 

Table 4. CFD results. 

𝑝𝑖 �̇� �̇� 𝐹𝑥 𝐹𝑦 𝐹𝑧 𝑀𝑥 𝑀𝑦 𝑀𝑧 
[bar] [kg/s] [kW] [N] [N] [kN] [Nm] [Nm] [Nm] 
10 1.89 7.951 7.050 -45.01 0.501 -0.353 -0.276 -3.34 
12 4.34 39.66 91.30 -102.8 1.09 -0.297 -0.299 -16.7 
14 5.47 68.35 14.73 -54.61 1.33 1.32 2.07 -28.7 
16 6.51 91.21 242.5 -282.8 2.04 0.340 0.781 -38.3 
18 7.59 101.6 459.6 -172.2 2.48 2.03 3.95 -42.7 
20 8.61 126.5 299.3 -217.8 2.94 1.92 3.41 -53.1 

In Fig. 7, the flow coefficient is presented to estimate turbine characteristics where it varies 
between 0.010 and 0.023 in an amonotonically increasing trend. It reveals that a limit value 
for the flow coefficient �̇� 𝑇𝑖𝑝𝑜⁄  should exist, which indicates a choked flow. The choked 
flow occurs when the mass flow rate of the turbine cannot be increased by increasing the 
pressure ratio [21]. Exploiting the curve representing the data, the mass flow rate for the 
choked flow can be estimated as 8.91 kg/s. Hence, one can definitely say that the optimum 
point occurs far away from the limiting point. Furthermore, a marginal increase in the mass 
flow rate is observed to decrease with increasing the expansion ratio as shown in Fig. 8. 

 

Fig. 7. Turbine characteristics curve. 
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Fig. 8. Expansion ratio vs. mass flowrate. 

Efficiency (𝜼) is an important characteristic of a turbine and it is always desirable to operate 
at a high efficiency point rather than a high power output situation [22]. The efficiency of 
the turbine is presented in Fig. 9 and Fig. 10 where both of the plots have an increasing 
pattern. It is hence deduced that the turbine operates below its maximum efficiency point. 
Among the simulations conducted, the maximum efficiency is 78.2% and is obtained at 
20 bar inlet pressure.  

 

Fig. 9. 𝜼 Vs. expansion ratio. 

 

Fig. 10. 𝜼 Vs. mass flowrate. 
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Flow Field 

The flow field is analysed to further study the flow inside the turbine and test the design 
criteria. We know that the shocks cause sharp discontinuities in the flow field and can exert 
severe load on the turbine parts, which eventually leads to a catastrophic failure. Hence a 
shock-free flow field is an important feature. In Fig. 11 and Fig. 12, the pressure and the 
velocity fields are observed to change smoothly inside the turbine and no shock is observed.  

 

Fig. 11. Pressure field for 𝒑𝒊 = 𝟏𝟔 bar (left) and 𝒑𝒊 = 𝟐𝟎 bar (right), 
from 𝒚𝒛-section cut. 

 

Fig. 12. Velocity field for 𝒑𝒊 = 𝟏𝟔 bar (left) and 𝒑𝒊 = 𝟐𝟎 bar (right), 
from 𝒚𝒛-section cut. 

Another important design criterion is the Mach number inside the turbine, which reveals a 
subsonic flow at the impeller exit as in Fig. 13: For an expansion ratio of 2.5, the Mach 
number is observed to decrease along the flow passage and, at the outlet, the Mach number 
reduces below 0.6, which validates the target outlet Mach number of 0.59 induced at the 
design stage. 
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Fig. 13. Mach number distribution around the impeller. 

Preventing formation of tip vortices is another vital design goal, as they disrupt the flow 
inside the cascade and, thus, decrease the efficiency. The streamlines, shown in Fig. 14, 
prove that the flow smoothly follows the blade boundaries and remains in contact with the 
edge. 

 

Fig. 14. Streamlines near rotor blades. 

CONCLUSIONS 

In this study, a 3D design of a radial inflow turbine was conducted for an organic Rankine 
cycle using R134a as the working fluid. It operated with a pressure ratio of 2.5 and an inlet 
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temperature of90℃ . The design was based on the CFD simulations, which were also 
exploited to test and verify the limits of the turbine. The findings of the design study can be 
summarized as follows: 

 The new design generates 126 kW power at the 22,728 rpm with an expansion 
ratio of 2.5 and inlet pressure of 20 bars.  

 The turbine characteristics curves showed that increasing the pressure ratio 
reduced the flow coefficient, which indicated the existence of a choked flow. 
However, the design mass flow rate was 8.61 kg/s, safely away from the choking 
conditions, which was predicted to occur at a flowrate of 8.91 kg/s. 

 Efficiency of the turbine monotonically increased with increasing expansion 
ratio, up to a maximum of 78.2%. 

 The flow smoothly changed inside the turbine and was free of shocks even at the 
(highest) expansion ratio of 2.5. 

 As the flow progressed in the flow passage, the Mach number decreased; the 
discharge from the impeller occurred as subsonic. 

 The streamlines closely followed the impeller blades and no tip vortex formation 
was observed. 

REFERENCES 

1. CHEN, H.; GOSWAMI, D.Y.; STEFANAKOS, E.K. A review of thermodynamic cycles 
and working fluids for the conversion of low-grade heat. Renewable and Sustainable 

Energy Reviews, 2010, Vol. 14, No. 14, P. 3059-3067. 

2. SAURET, E.; ROWLANDS, A.S. Candidate radial-inflow turbines and high-density 
working fluids for geothermal power systems. Energy, 2011, Vol. 36, No. 7, P. 4460-
4467. 

3. Dong, B.; Xu, G.; Li, T.; Luo, X.; Quan, Y. Parametric analysis of organic Rankine cycle 
based on a radial turbine for low-grade waste heat recovery. Applied Thermal 

Engineering, 2017, Vol. 126, P. 470-479. 

4. LIO, L.; MANENTE, G.; LAZZARETTO, A. A mean-line model to predict the design 
efficiency of radial inflow turbines in organic Rankine cycle (ORC) systems. Applied 

Energy, 2017, Vol. 205, P. 187-209. 

5. SCHUSTER, S.; MARKIDES, C.N.; WHITE, A.J. Design and off-design optimisation 
of an organic Rankine cycle (ORC) system with an integrated radial turbine model. 
Applied Thermal Engineering, 2020, Vol. 174, P. 115-192. 

6. WHITE, M.T.; SAYMA, A.I. A generalised assessment of working fluids and radial 
turbines for non-recuperated subcritical organic Rankine cycles. Energies, 2018, 
Vol. 11, No. 4. 

7. RAHBAR, K.; MAHMOUD, S.; AL-DADAH, K., MOAZAMI, N. Parametric analysis 
and optimization of a small-scale radial turbine for organic Rankine cycle. Energy, 2015, 
Vol. 83, P. 696-711. 

8. BEKILOĞLU, H.E.; BEDIR, H.; ANLAŞ, G. Multi-objective optimization of ORC 
parameters and selection of working fluid using preliminary radial inflow turbine design. 
Energy Conversion and Management, 2019, Vol. 183, P. 833-847. 



382 
 

9. OZDEMIR, I.R.; OZTURK, Y.; OZMADENCI, B. Design and performance analysis of 
radial inflow turbine for organic Rankine cycles. BSc Thesis. Bogazici University, 2021. 

10. LAESECKE, A.; BAIR, S. High-pressure viscosity measurements of 1, 1, 1, 2-
tetrafluoroethane. International Journal of Thermophysics, 2011, Vol. 32, P. 925-914. 

11. REHMAN, Z.; SEONG, K.; LEE, S.; SONG, M.H. Experimental study on the 
rheological behaviour of tetrafluoroethane (R-134a) hydrate slurry. Chemical 

Engineering Communications, 2018, Vol. 205, P. 822-832. 

12. VERSTEEG, H.; MALALASEKERA, W. An Introduction to Computational Fluid 

Dynamics: The Finite Volume Method. Pearson Education Limited, 2007, ISBN 
9780131274983. 

13. HOWARD, J.; PATANKAR, S.; BORDYNUIK, R. Flow prediction in rotating ducts 
using Coriolis-modified turbulence models. American Society of Mechanical Engineers, 
1980. 

14. JAKIRLIĆ, S.; HANJALIC, K.; TROPEA, C. Modelling rotating and swirling turbulent 
flows: a perpetual challenge. Aiaa Journal - AIAA J, 2002, Vol. 40, P. 1984-1996. 

15. FERZIGER, J.; PERIC, M.; STREET, R. Computational Methods for Fluid Dynamics. 
Springer International Publishing, 2019, ISBN 9783319996936. 

16.  ANSYS Fluent User's Guide. ANSYS Inc.: 2013. 

17. WELLER, H.; TABOR, G.; JASAK, H.; FUREBY, C. A tensorial approach to 
computational continuum mechanics using object-oriented techniques. Computers in 

Physics, 1998, Vol. 12. 

18. OpenFOAM: User Guide, Solvers. OpenCFD Ltd.: 2018- [referred on 07 04 2021] Link 
to the internet < 
https://www.openfoam.com/documentation/guides/latest/doc/openfoam-guide-
applications-solvers.html>. 

19. Programmer’s Guide. Christopher J. Greenshields: CFD Direct Ltd., 2015. 

20. SAAD, Y. Iterative Methods for Sparse Linear Systems. Society for Industrial and 
Applied Mathematics, 2003, ISBN 9780898715347. 

21. HENDRICKS, E. Meanline analysis of turbines with choked flow in the object-oriented 
turbomachinery analysis code. 2016. 

22. DIXON, S.; HALL, C. Fluid Mechanics and Thermodynamics of Turbomachinery. 
Elsevier Science, 2013, ISBN 9780124159549. 

23. SHAPIRO, A.; SHAPIRO, R. The Dynamics and Thermodynamics of Compressible 

Fluid Flow, Volume 1, Wiley, 1953. 
  

https://www.openfoam.com/documentation/guides/latest/doc/openfoam-guide-applications-solvers.html
https://www.openfoam.com/documentation/guides/latest/doc/openfoam-guide-applications-solvers.html


383 
 

THERMODYNAMIC ANALYSIS OF THERMAL DESALINATION 
SYSTEM WITH HUMIDIFICATION–DEHUMIDIFICATION CYCLE 

V.V. Sereda, A.S. Solomakha, N.O. Prytula, N.O. Shvets 
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute” 

Politehnichna 6, 03056 Kyiv – Ukraine 

 +380 68 771 53 25 

 shvets.nazariy@lll.kpi.ua 

 
 

EXTENDED ABSTRACT 
 
 

OVERVIEW 

The demand for clean drinking water is growing both in Europe and the whole world due to 
the population growth, the increased rate of urbanization, industrialization, agricultural 
activity and social and economic development [1]. One of the most promising desalination 
methods is thermal humidification-dehumidification process [2]. In spite of significant 
benefits of this technology, it has a key drawback – high thermal energy consumption [3]. 
In this study, the authors aim to develop a mathematical model for the cycle of air 
humidification-dehumidification, to carry out a thermodynamic analysis of a thermal 
desalination system based on salt water heating in an intermediate heater and to determine 
the system operation conditions to obtain the maximum performance with minimum energy 
consumption. 

METHODS 

The diagram of the desalination system based on the working principle of air humidification-
dehumidification is shown in fig.1. Air and salt water move in the open circuits. Salt water 
is pumped to the dehumidifier at the temperature t1w. Then, the salt water circulates through 
the dehumidifier tubes, being heated up to the temperature t2w removing heat from the 
saturated air, which is dried by cooling in the tube space of the dehumidifier. Ambient air 
with the temperature t1air and humidity d1air is supplied to the humidifier by the fan. In the 
humidifier, the air is heated to the temperature t2air and humidified by direct contact with the 
salt water heated in a heater up to the temperature t3w. Hot water is sprayed through the 
nozzles for efficient heat and mass transfer. Some of the water evaporates into the air, while 
the rest is released as a brine into the lower part of the dehumidifier. At the outlet of the 
humidifier, the air humidity can reach 100%. Next, the saturated air is supplied to the 
dehumidifier, where water vapor condenses from the air to produce fresh water. Cooled air 
with the temperature t3air is removed to the atmosphere. 
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Fig. 1 – Desalination system working on the air humidification-
dehumidification principle 

The desalination system model is a theoretical model developed on the basis of mass and 
energy balances applied to each of the cycle components, following the laws of 
thermodynamics [4] with subsequent thermodynamic analysis. The model is calculated with 
the help of PTC Mathcad engineering software, using СoolProp package to determine the 
properties of moist air and salt water [5]. The following parameters are then calculated: 

1. Gain output ratio (GOR) is the main indicator of the desalination system performance 
evaluation. It shows how much heat energy is consumed in the desalination process. It 
numerically equals the ratio of fresh water mass flow rate (Gfw), multiplied by the latent heat 
of vaporization (r), to the thermal energy supplied during the cycle (Qh): 

𝐺𝑂𝑅 = 𝐺𝑓𝑤𝑟/𝑄ℎ; (1) 

2. Recovery ratio (RR) is the ratio of fresh water mass flow rate obtained in the system to 
the salt water consumption (Gsw): 

𝑅𝑅 = 𝐺𝑓𝑤/𝐺𝑠𝑤; (2) 

3. Mass flow rate ratio (MR) is the ratio of the salt water mass flow rate to the mass flow 
rate of the input air (G1air): 

𝑀𝑅 = 𝐺𝑠𝑤/𝐺1𝑎𝑖𝑟 . (3) 

RESULTS 

GOR increases along with increasing salt water temperature at the dehumidifier 
outlet (see Fig. 2). In addition, for the same t2w, the value of GOR is higher at the 
lower t1w. Fig. 3 shows that the higher the temperature t3w is, the higher the system 
efficiency is. In practice, the upper value of the temperature t3w is limited to 50–70 
°C in order to prevent scale formation. As the temperature t3w increases, the MR 
value also increases (see Fig. 4). This means that the higher the temperature of the 
salt water is at the inlet to the humidifier, the less air needs to be supplied to the 
humidifier and the fan will consume less electricity. As it is shown in Fig. 5, the 
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RR coefficient does not actually depend on t1w, and with increasing Δtsw (Δtsw = 
t2w - t1w), the RR value also increases. This means that the higher the temperature 
t2w is, the more fresh water can be obtained in the system. 

 

Fig. 2. Dependence of 
GOR on t1w and t2w: 

1 – t1w = 10 °С; 2 – t1w = 
20 °С; 3 – t1w = 30 °С 

 

Fig. 3. Dependence of GOR on 
Δtsw and t3w: 

1 – t3w = 50 °С; 2 – t3w = 60 °С; 3 
– t3w = 70 °С 

 

Fig. 4. Dependence of 
MR on Δtsw and t3w: 

1 – t3w = 50 °С; 2 – t3w = 
60 °С; 3 – t3w = 70 °С 

 

Fig. 5. Dependence of RR on Δtsw 
and t1w: 

1 – t1w = 10 °С; 2 – t1w = 20 °С; 3 
– t1w = 30 °С 

Heat and mass transfer processes between air and water in dehumidifier and humidifier have 
low intensity. Due to this, water desalination plants with a humidification-dehumidification 
cycle provide low (up to 10 l/h) capacity. To obtain considerable fresh water flow rate, it is 
necessary to significantly increase the area of the heat transfer surface of both the 
dehumidifier and the humidifier. This solution leads to an increase in metal consumption 
and cost of the entire plant, which is economically unprofitable in comparison with the 
membrane desalination technologies. 

To obtain 10 L of fresh water during 1 hour of system operation (under optimal conditions 
GOR = 3.75 and RR = 6%, see fig. 2 and 5), the heater power amounts to 1.73 kW. The use 
of renewable energy (including solar energy) can significantly reduce the cost of fresh water. 

Due to the advantages and disadvantages of desalination with humidification-
dehumidification cycle, this technology should be used primarily for small resorts and hotels 
on the sea coasts of Europe, as well as in private homes in the regions with high intensity of 
solar radiation. 

t2w, °С Δtsw, °С 

Δtsw, °С Δtsw, °С 
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CONCLUSIONS 

The maximum values of GOR and RR for the humidification-dehumidification cycle with 
additional water heating are 3.75 and 6%, respectively. To obtain such results, the salt water 
temperature at the inlet to the system (dehumidifier) should be equal to 10 °C, and the salt 
water temperature at the inlet to the humidifier – 70 °C. At the same time, the air temperature 
and humidity can have any values. 

The main factors limiting further increase in GOR and RR are the limitations of the 
maximum values of t3w and Δtsw. This necessitates the use of a heater with external heat 
supply in the cycle. 

The most effective way to increase GOR is to use the renewable energy sources (sun, 
recycled heat, etc.) to heat salt water in the heater. This solution will significantly reduce the 
cost of thermal energy in the heater and increase the system efficiency (GOR). 

Keywords: gain output ratio, humidification-dehumidification, mathematical model, 
thermal desalination, thermodynamic analysis. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Conventional hydropower plants with dams and reservoirs include the following hydraulic 
components: water intakes, penstocks, turbines, generators, valves, and draft tubes as in the 
case of the Salime power plant located in Asturias, Spain [1], see Fig 1a. 
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Fig 1. Illustrative diagram for the Salime power plant with section views 
for the spherical valve and the sliding service seal.  

As seen in Fig 1a, a butterfly valve is usually located close to the water intake and a spherical 
valve is placed at the downstream end of the penstock, right upstream of the turbine. These 
valves are not intended for regulation but to close the penstock and shut off the water flowing 
through the turbine when production stops or in case of long maintenance operations. To 
achieve water tightness when the spherical valves are closed, they usually incorporate two 
metallic seal rings that can be tightened onto an annular seat on the valve ball as in Figs (1b 
and 1c), so that the clearance between the rotating ball and the external casing of the valve 
becomes blocked. The first seal is the maintenance seal, which is located at the upstream 
side of the valve, while the other seal is the service seal located at the downstream side. In 
general, the maintenance seal is applied only during long shutdowns for valve maintenance 
purposes. Instead, the service seal is always applied after the valve closure whenever the 
turbine stops. In practice, the maintenance seal always remains fixed and only the service 
seal can slide to either opened or closed state, as in Fig 1c, where the pilot pipeline transmits 
the upstream pressure to slide the service seal.  

Unfortunately, in practice, the technicians of the plant began to observe events of violent 
vibrations in the power plant. These vibrations, which happened to take place once the 
spherical valves were closed and the annular seals tightened, were associated to the 
successive hitting of the seal against its seat on the ball, and so they would be accompanied 
by periodic leakage flow through the intermittent gap between ball and seal. Simultaneously 
with these vibrations, large pressure fluctuations were provoked in the penstock, which risks 
the safe operation of the power plant.  

Kube et al. [2]and Caney and Zulovic [3] attempted to simulate the penstock pressure 
fluctuations developed at the Gordon plant that were originated by a leaking spherical valve 
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with retractable seal, similar to the case of the study now presented. However their result, 
which focused on the prediction of the characteristic frequencies, was preliminary and 
inconclusive.  

The observations of the phenomenon at both Salime and Gordon plants suggest that the 
vibrations occur when the tightening force reduces, leading to some leakage between the ball 
and casing of the valve. Nonetheless, the mechanism that excites the vibrations is unclear, 
as well as what conditions in the system may lead to the development of the vibrations or 
preclude them. Therefore, the purpose of this study is to construct a simplified theoretical 
model that considers seal’s dynamic characteristics and fluid compressibility, which can:  

 Explain the mechanism that excites the vibrations observed at the Salime plant. 

 Simulate the transient behaviour of the Salime plant as a function of the relevant 
physical and geometrical parameters. 

METHODS 

Figs (2a and 2b) show the considered spherical valve diagram and hydro-mechanical model 
representing each group of the Salime power plant. To compute the pressure and flow rate 
oscillations at the relevant sections of Fig 2b, the water hammer equations [4] are applied at 
the relevant pipelines with the system boundary conditions and the vibrating seal equation 
of motion [5]. The transfer matrix method is adopted to compute the system governing 
equations in the frequency domain since the developed model considers a decayed or 
diverged sinusoidal pressure and flow rate oscillations, linear friction terms, and linear 
boundary conditions. 

Water hammer equations for pipeline j: 

Momentum equation: 

 

(1) 

Continuity equation: 

 

(2) 

Seal equation of motion: 
      0ykkyccymm

)t(Fykycym

keq

wsc
ceq

wsc

meq

wsc

scscsc













  

(3) 

mw, cw and kw are the added water mass, damping and stiffness coefficients. 

0
Adg2

Qf
t
Q

Ag
1

x
H

n
jj

n
j

j











0
x
Q

t
H

a
Ag
2
j

j













390 
 

Fig 2. Spherical valve and hydro-mechanical models representing each 
group of the Salime power plant. 

RESULTS 

Since fluid compressibility is considered, Fig 3 shows the influence of the input reservoir 
level H1 on the vibrating seal dynamic behaviour for the 1st ten oscillation frequencies 
(harmonics) as they are of practical importance [4]. The dynamic behaviour of the vibrating 
seal is identified by the seal equivalent damping coefficient ceq and the seal’s oscillation 
frequency f. Fig 3a shows that the instability of the seal’s vibration is only established at the 
1st harmonic and for values of H1>70.3m where the values of ceq<0, as in the case of point 
C, see Figs (3a and 3g). In contrast, for higher harmonics the system is dynamically stable 
since the fluid dynamic force damps the seal oscillation as ceq>0, see Figs (3a and 3b). In 
contrast, Figs (3c and 3d) exhibit that H1 has a negligible influence on the added water 
stiffness and the seal’s equivalent stiffness coefficient at a specific harmonic. Therefore, H1 
has a negligible influence on f as in Figs (3e and 3f). 
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Fig 3. Influence of H1 on ceq, keq and f for the 1st ten harmonics. 

CONCLUSIONS 

The theoretical model developed showed the ability to explain and estimate the periodic seal 
vibrations depending on the relevant physical and geometrical characteristics of the Salime 
power plant. The constructed model confirmed that the seal vibrations result from the 
unstable coupling between the seal vibration motion and the fluid system. So, even if the 
seal is initially under equilibrium, a slight disturbance can develop pressure and flow 
oscillations of decaying or incrementing amplitudes depending on the vibrating seal dynamic 
stability. Also, system analysis showed that the dynamic seal instability is more prone to 
occur when operating at high input reservoir energy levels for a given gap size. Moreover, 
the seal vibration instability is more often to be established at the 1st harmonic of the seal 
periodic vibrations. 

Keywords: Spherical valve-water hammer equations- self-excited- vibration. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

The Salime power plant is a reservoir power plant that is located in Asturias, Spain [1]. The 
plant has a nominal power of 160 MW, divided into four power units. Each unit comprises 
a Francis turbine coupled to an electric generator. Besides, each unit has an individual 
penstock of 80 m long as well as individual valves and control elements, so that each unit 
can operate independently, see Fig 1a. 

The function of the turbine inlet valve at the Salime power plant is to prevent water flow to 
the turbine when the turbine is in no-load condition. The turbine inlet valve at the plant is a 
spherical valve with two metal annular seals, as in Fig 1b. The downstream seal is the sliding 
service seal responsible to block any leakage between the ball and the valve casing. When 
the ball valve is in a closed position, the penstock water pressure passes through the pilot 
pipeline and pushes the seal towards its seat as in Figs (1b and 1c). Therefore in normal 
conditions, the seal sits on its seat on the ball surface, thus preventing any leakage flow. 

Unfortunately, in practice, while the turbine is in no-load condition and the valve is set into 
a closed orientation, the service seal produces periodic vibrations instead of staying fixed to 
its seat. These vibrations were noticed as violent internal impacts coincide with high-
pressure oscillations in the penstock pipeline. This phenomenon ended, when an alarm 
sensor located near the turbine inlet valve registered a pressure value exceeding the security 
limit established at 13.5 bar. In this situation, the alarm sensor caused the closure of the 
butterfly valve located at the penstock entrance, as in Fig 1a. This operation was effective in 
stopping the pressure fluctuations and the seal vibrations. However, this solution was 
undesirable because there was a high water leak and the subsequent operation was complex 
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and takes a longer time than in usual conditions. Therefore, other correction measures had 
to be explored to prevent the occurrence of this phenomenon in the plant. 

Since there is no external force acting on the seal, thus the seal vibrations are expected to be 
self-excited due to the presence of an unsteady leaking flow through an oscillating gap. In 
fact, this problem has been noticed long time ago in several power plants, although the cases 
mentioned in the literature are very rare. Abbott et al [2] and Wylie and Streeter [3], studied 
the penstock self-excited vibrations due to the leakage of the penstock valve at the Bersimis 
No.2 power station (Canada). Also, Kube et al [4] referred to a case of penstock pressure 
oscillations due to the seal leakage of the turbine inlet valve at the Gordon power station 
(South-West Tasmania). System analysis concluded that the seal dynamic characteristics 
must be included to compute the correct values of the penstock pressure fluctuations.  

 

Fig. 1. (a) Description of the Salime power plant and the spherical valve 
operation mechanism. 

According to the mentioned studies, this study aims to present a simplified theoretical model, 
which can interpret the excitation mechanism of the seal’s vibration and simulate the 
transient behaviour of the plant while considering the seal's dynamic characteristics and the 
unsteady nonlinear hydraulic losses. 
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METHODS 

 

Fig. 2: Closed spherical valve and hydro-mechanical models representing 
each group of the Salime power plant. 

To keep the theoretical model as simple as possible and include the Salime power plant’s 
relevant data, it is determined to consider the spherical valve scheme of Fig 2a and the hydro-
mechanical model representing each group of the power plant, as in Fig 2b, where the 
relevant positions and dimensions are identified in Fig 2. To compute the flow rate and 
pressure oscillations at the relevant sections of Fig 2b the unsteady energy equation [5] is 
applied for the relevant pipelines with the vibrating seal equation of motion [6] and system 
boundary conditions. These equations are solved nonlinearly using the MATLAB 
SIMULINK where the initial values of the system variables are applied as their steady-state 
values. 

RESULTS 

Fig 3 shows the influence of the input reservoir energy level H1 on the seal vibration 
displacement y. Fig 3 shows that at the same gap angle θg=30o, the instability of the seal 
vibration is more like to be established at higher values of H1. By increasing the input 
reservoir energy level, the fluid dynamic force (acting on the seal) excites more the seal 
oscillation rather than damping it. In this situation, the fluid system continues to supply 
energy to the vibrating seal. Therefore, the amplitude of the seal oscillation increases over 
time leading to a dynamically unstable system as in the case of H1=125 m.  

Fig 4 shows the influence of the seal’s gap angle θg on the seal vibration while operating on 
the power plant nominal head H1=105 m. Fig 4 exhibits that increasing θg increases the 
severity of the seal vibration since the leakage flow increases and the fluid dynamic force 
excitation to the seal oscillation increases. Therefore, the probability of the seal dynamic 
instability increases by increasing θg as in the case of θg=40o as in Fig 4. 
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Fig. 3: Relation between y and time t for different values of H1. 

 

Fig. 4: Relation between y and time t for different values of θg. 

CONCLUSIONS 

The developed hydro-mechanical model showed the ability to estimate the seal periodic 
vibrations depending on the relevant physical and geometrical characteristics of the power 
plant. The stability of the seal vibration and the hydro-mechanical system depends 
significantly on the seal’s gap angle and the input reservoir energy level. At a low gap angle 
and input reservoir energy level, seal vibrations are more likely to be dynamically stable. 
Also, when seal vibrations are dynamically unstable the seal will hit its seat on the ball 
surface since the influence of the nonlinear hydraulic losses is minimal. 

Keywords: Spherical valves–Self-excited-Vibrations-Turbine inlet valves 
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ABSTRACT  

The present work analyses the case where both open fluid layers of Horton-
Rogers-Lapwood configuration are modelled as third kind of thermal boundary 
conditions. While the solid one is considered as an adiabatic. The lack of thermal 
equilibrium regime brings about more than one limiting case. The basic 
temperature profile for each case is developed analytically via the set of governing 
equations and boundary conditions. The linear stability analysis is carried out by 
means of the normal modes method. The eigenvalue problems are solved by a 
numerical solution with the use of the Runge-Kutta solver and the shooting 
method. 

Keywords: Porous Medium, Shooting Method, Local thermal non-equilibrium, linear 
stability analysis 
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INTRODUCTION 

When you think of the thermal instability phenomenon, Rayleigh–Bénard cells in a clear 
Newtonian fluid is the first description that immediately springs to mind.  Rayleigh–Bénard 
convection also emerges in a fluid-saturated porous layer in which the lower surface is heated 
with uniform temperature. Over the year’s convection cells in a porous medium have 
attracted the attention of many researchers and investigators in different areas. This in turn 
has led to a large number of studies carried out on what will be later called Darcy–Bénard 
or Horton-Rogers-Lapwood instability [1-2]. On the other hand, Nield et al. [3-4] described 
this topic in relevance to other physical features in great detail. The analysis of this 
configuration has extended the study by involving the variation in the thermal boundaries in 
the case where both phases have coupled temperature.  For example, Barletta et al. [5] had 
taken into consideration the second kind of thermal boundary conditions by assuming the 
lower surface as a perfect insulating plate. While Nield et al. [6] carried out the analysis by 
adopting the first kind of thermal boundary condition. In recent years, the effects of 
imperfectly conducting boundaries and the lack of thermal equilibrium have become one of 
the most studied topics. Barletta et al. [7-8] considered both surfaces characterized by 
external heat transfer in the configuration of vertical cylindrical porous channel and 
rectangular one. Furthermore, Storesletten et al. [13] suggested the analysis of mixed 
convection in a porous layer with the impact of viscous dissipation and external heating at 
the bottom boundary. Effects of two phases with autonomous temperature fields and 
convective boundary condition on stability analysis was studied by Barletta et al. [12], 
Lagziri et al. [9-10] and Celli et al. [11] by considering the upper surface with uniform 
pressure.  

Usually, the configuration envisaged in the studies of Horton-Rogers-Lapwood convection 
is one where the rigid impermeable boundaries are defined as the first kind of thermal 
boundary condition with the presence of the local thermal equilibrium regime. In the present 
work, the objective is to analyse the case in which two open parallel boundary layers are 
subjected to third-kind of thermal boundary conditions rather than perfect conducting 
temperature walls. The convective thermal boundaries assumed in both surfaces are 
modelled as Newton cooling law equations. The dimensionless parameters H, γ and Biot 
numbers appear in the medium by virtue of the difference between the temperature profile 
of the solid skeleton and the fluid phase. The eigenvalue problems handled from the 
governing equations by the linear stability analysis and the normal modes method are tackled 
numerically. 

MODELLING OF THE PROBLEM 

 A horizontal porous layer saturated with a Newtonien fluid and sandwiched between two 
open parallel boundaries is considered. The solid matrix at the two boundaries is assumed to 
be as an adiabatic phase while the fluid one is supposed to be heated from below by  
employing Newton‘s cooling law at the both surface layers. The linear Oberbeck-Boussinesq 
approximation together with the lack of thermal equilibrium regime is applicable. The 
coordinate axes of x* and y* are chosen to be horizontal whereas, the z* axis is considered 
to be perpendicular to (x*, y*) plan and directed opposite to a gravity force g. The relative 
boundary conditions are defined in Fig (1). The use of these assumptions alongside the curl 
operator in Darcy law‘s simplify the governing equations to the following form 
                                                              ∇∗. 𝐮∗ = 0,                                                                   (1𝑎) 



400 
 

                              
𝜇

𝐾
∇∗ × 𝐮∗ − 𝜌𝑓𝛽𝑔 ∇

∗ × [(𝑇𝑓
∗ − 𝑇1)𝐞𝐳] = 0,                                             (1𝑏) 

                              (1 − 𝜑)
𝜕𝑇𝑠

∗

𝜕𝑡∗
= (1 − 𝜑)𝛼𝑠∇

∗2𝑇𝑠
∗ +

ℎ

(𝜌𝐶)𝑠
(𝑇𝑓

∗ − 𝑇𝑠
∗),                                  (1𝑐)                  

                            𝜑
𝜕𝑇𝑓

∗

𝜕𝑡∗
+ 𝐮∗. 𝛻∗𝑇𝑓

∗ = 𝜑𝛼𝑓𝛻
∗2𝑇𝑓

∗ −
ℎ

(𝜌𝐶)𝑓
(𝑇𝑓

∗ − 𝑇𝑠
∗)                                 (1𝑑) 

Fig. 1.  Porous layer with boundary conditions 

Hence, T0 is the reference temperature [K], g is the modulus of the gravitational acceleration 
[ms-2], ez is the unit vector along the z-axis, α is the thermal diffusivity [m2/s], C is the heat 

capacity per unit mass [J/(kg K)], β is the thermal expansion coefficient [K-1], h is the inter-
phase heat transfer coefficient [W/(m3K)], ρ is the density [kg/m3], φ is the porosity of the 
medium, μ is the dynamic viscosity [Pas], k is the thermal conductivity [W/(m K)] and K is 
the permeability of the medium [m2]. The subscripts f and s mean the fluid phase and the 
solid porous medium while the numbers 1 and 2 denote the lower and the upper exterior 
environment. Otherwise, the dimensionless quantities required to Eqs. (1) And boundary 
conditions are written as:         

       ∇∗→ ∇
1

𝑙
 ,   𝑡∗ →

𝑙2

𝛼𝑓
𝑡, 𝐮∗ → 𝐮

𝜑𝛼𝑓

𝑙
,  𝑇𝑠,𝑓

∗ → 𝑇2 + 𝑇𝑠,𝑓(𝑇1 − 𝑇2)                   (2) 

The extracted dimensionless parameters are: 

𝐻 =
ℎ𝑙2

𝜑𝑘𝑓
, 𝛾 =

𝜑𝑘𝑓
(1 − 𝜑)𝑘𝑠

, 𝑅 =
𝛽∆𝑇𝑔𝐾𝑙

𝜈𝛼𝑚 
 , 𝐵𝑓1 =

𝑙 ℎ𝑓1

𝑘𝑓
 , 𝐵𝑓2 =

𝑙 ℎ𝑓2

𝑘𝑓
, 𝜆 =

𝛼𝑓

𝛼𝑠
 

                             𝑘𝑚 = (1 − 𝜑)𝑘𝑠 +𝜑𝑘𝑓 , 𝛼𝑓 =
𝑘𝑓

(𝜌𝐶)𝑓
, 𝛼𝑚 =

𝑘𝑚

(𝜌𝐶)𝑓
                                      (3) 

The vector u is the dimensionless velocity field (u, v, w), T is the dimensionless temperature, 
t is the dimensionless time, l is the thickness of the layer [m] and ν is the kinematic viscosity 
[m2/s]. The parameters H, γ, B and R are the dimensionless inter-heat transfer coefficient, 
the dimensionless thermal conductivity ratio, the Biot number and the Darcy-Rayleigh 
number. The subscript m means the average. 

After substituting Eqs (2) and Eqs (3) into Eqs (1) and boundary conditions we obtain,  
                                          𝛻2ѱ +

1+𝛾

𝛾
𝑅 

𝜕𝑇𝑓

𝜕𝑥
= 0,                                                             (4𝑎)  

                              𝜆
𝜕𝑇𝑠

𝜕𝑡
= 𝛻2𝑇𝑠 + 𝛾𝐻(𝑇𝑓 –𝑇𝑠)                                               (4𝑏) 
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𝜕𝑇𝑓

𝜕𝑡
+
𝜕ѱ

𝜕𝑧

𝜕𝑇𝑓

𝜕𝑥
−
𝜕ѱ

𝜕𝑥

𝜕𝑇𝑓

𝜕𝑧
= ∇2𝑇𝑓 −𝐻(𝑇𝑓 − 𝑇𝑠)                                        (4𝑐)   

     𝑧 = 1:  
𝜕ѱ

𝜕𝑧
= 0,    

𝜕𝑇𝑠
𝜕𝑧

= 0,   −
𝜕𝑇𝑓

𝜕𝑧
= 𝐵𝑓2𝑇𝑓                                            (4𝑑)     

              𝑧 = 0: 
𝜕ѱ

𝜕𝑧
= 0,    

𝜕𝑇𝑠
𝜕𝑧

= 0,   
𝜕𝑇𝑓

𝜕𝑧
= 𝐵𝑓1𝑇𝑓                                          (4𝑒)  

The stream functions employed in Eqs (4) are: 

                   u = −
∂ѱ

∂x
,   w =

∂ѱ

∂z
                                                                       (5) 

BASIC STATE 

The fluid state is assumed to be motionless inside the solid matrix which means the velocity 
field can be expressed as  
                                                           ѱb (𝑧) = 0,                                                                           (6)  

The symbol b describes a basic state. 

Local Thermal Equilibrium (LTE) 

The LTE can be stemmed from the limiting case of H→∞ only if an infinite amount of heat 
is transferred between the solid and fluid phases at the interface area, h >>1. In the meantime, 
the assumption of kf ≈ O (1) has to be valid in order to keep it as finite non-vanishing value. 
Hence, we can conclude that the two basic temperature fields are identical, 

                      𝑇𝑠𝑓,𝑏 =
𝐵𝑓2(1 + (1 + 𝐵𝑓1 − 𝐵𝑓2𝑧)𝛾)

𝛾𝐵𝑓2𝐵𝑓1 + 𝐵𝑓2(1 + 𝛾) + 𝐵𝑓1(1 + 𝛾)
                                         (7) 

Local Thermal Non Equilibrium (LTNE) 

When the volumetric heat transfer coefficient is as small as H→0, the thermal coupling 
between the two phases is harder to be kept because the solid skeleton ceases the exchange 
of heat with fluid phase. This limit characterizes one of those cases whose basic temperature 
profiles are not in a local thermal equilibrium condition. Consequently, the two energy 
balance equations as well as the temperature fields behave autonomously. Thus, each 
temperature field can be written as, 

𝑇𝑠,𝑏 =
(2 + 𝐵𝑓1)𝐵𝑓2

2(𝐵𝑓1 + 𝐵𝑓2 + 𝐵𝑓1𝐵𝑓2)
,        𝑇𝑓,𝑏 =

𝐵𝑓1(1 + (1 + 𝛾)𝐵𝑓2)

𝐵𝑓1 + 𝐵𝑓2 + 𝐵𝑓1𝐵𝑓2
                          (8) 

STABILITY ANALYSIS 

The mathematical procedure considered for a linear stability analysis is the normal mode 
method. Broadly speaking, the method describes the perturbation solutions in the form of, 
                       𝑇𝑠𝑓 = 𝑇𝑠𝑓,𝑏 + 𝜀�̃�𝑠𝑓(𝑥, 𝑧, 𝑡), ѱ = ѱ𝑏 + 𝜀ѱ̃(𝑥, 𝑧, 𝑡)                                   (9)       

All the nonlinear terms arose by ε2 are neglected as the amplitude ε≪1. Then the perturbation 
functions �̃�𝑠𝑓 and ѱ̃ can be written as, 
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                                          {

ѱ̃(𝑥, 𝑧, 𝑡)

�̃�𝑠(𝑥, 𝑧, 𝑡)

�̃�𝑓(𝑥, 𝑧, 𝑡)

= {

𝑖ѱ(𝑧)𝑒𝑖(𝑎𝑥−𝜔𝑡)

𝜃𝑠(𝑧)𝑒
𝑖(𝑎𝑥−𝜔𝑡)

𝜃𝑓(𝑧)𝑒
𝑖(𝑎𝑥−𝜔𝑡)

                                                  (10)  

Where a is dimensionless wave number and ω is dimensionless frequency constituted with 
ωi and ωr as ω=ωi+ωr. In general, substituting Eqs (9) and (10) into Eqs (4) and boundary 
conditions give rise to, 
                                    ѱ′′ − 𝑎2ѱ + 𝑎 𝑅

1+𝛾

𝛾
𝜃𝑓 = 0,                                                     (11𝑎)   

                         𝜃𝑠
′′ − 𝑎2𝜃𝑠 + 𝐻𝛾(𝜃𝑓 − 𝜃𝑠) + 𝑖𝜔𝜆𝜃𝑠 = 0,                                  (11𝑏) 

                          𝜃𝑓
′′ − 𝑎2𝜃𝑓 − 𝐻(𝜃𝑓 − 𝜃𝑠) − 𝑎ѱ𝑇′𝑓𝑏 + 𝑖𝜔𝜃𝑓 = 0,                            (11𝑐)   

The linear stability analysis is based on modes whose conditions obey ωi= 0. On the other 
hand, the principal of exchange of instability for both cases of LTE and LTNE are proved 
numerically, which means ωr= 0. Therefore, the eigenvalues problem reduces to, 

                        ѱ′′ − 𝑎2ѱ + 𝑎 𝑅
1 + 𝛾

𝛾
𝜃𝑓 = 0,                                                               (12𝑎) 

                         𝜃𝑠
′′ − 𝑎2𝜃𝑠 + 𝐻𝛾(𝜃𝑓 − 𝜃𝑠) = 0,                                                               (12𝑏)    

                 𝜃𝑓
′′ − 𝑎2𝜃𝑓 −𝐻(𝜃𝑓 − 𝜃𝑠) − 𝑎ѱ𝑇′𝑓𝑏 = 0,                                                       (12𝑐)    

     ѱ′(0) = 0, 𝜃𝑠
′(0) = 0, 𝜃𝑓

′(0) − 𝜃𝑓(0)𝐵𝑓1 = 0,                                       (12𝑑)  

   ѱ′(1) = 0, 𝜃𝑠
′(1) = 0, 𝜃𝑓

′(1) − 𝜃𝑓(1)𝐵𝑓2 = 0.                                      (12𝑒)  

NUMERICAL SOLUTION 

The eigenvalue problem relative to the studied configuration is solved numerically via the 
combined form of the sixth-order Runge-Kutta solver and shooting method. The resulting 
equations obtained by means of stability analysis and normal modes method are integrated 
by applying the Runge-Kutta procedure with the initial conditions at target z = 0, 

                  𝜓′(0) = 1,     𝜃𝑓(0) = 𝑠1,    𝜃𝑠(0) = 𝑠2                                                       (13) 

The equation of ψ’ (0) =1 serves to fix the normalisation condition. Otherwise, the unknown 
parameters s1 and s2 defined as values of θf (0) and θs (0) respectively, are determined with 
the eigenvalue R, by using a shooting method to satisfy the boundary conditions imposed at 
z = 1, 

         𝜓′(1) = 0,    𝜃𝑓
′(1) − 𝜃𝑓(1)𝐵𝑓2 = 0,    𝜃′𝑠(1) = 0                                            (14) 

The numerical procedure performed for this problem is implemented in the Mathematica10 
(© Wolfram Research) environment. Furthermore, the Runge–Kutta solver and the shooting 
method are both of them available through the built-in functions NDSolve and FindRoot, 
respectively. These two functions allow us to validate the constraint conditions defined in 
Eq. (13) in the meantime dealing with the initial value problem presented in Eq. (14). 
Overall, the input parameters H, γ, a, Bf1 and Bf2 have to be prescribed in the numerical set-
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up to define the neutral stability curve R(a) as well as the critical values (acr, Rcr) for the 
emergence of the convective instability in the medium. 

RESULTS AND DISCUSSIONS 

The numerical results of the local thermal equilibrium (LTE) case are highlighted in both 
frames of Fig (1). The right frame describes the marginal stability curves plotted for Bf1 = 
Bf2 = 1, while the left one exhibits the variation curves of RC with respect to Bf2 for γ=1. We 
recall that the stable region usually exists below each neutral stability curve. Overall if we 
compare the neutral stability curves between them, we will see the region of stability 
increases as the value of γ decreases even with the presence of the LTE behaviour. This 
refers to the hidden role played by the thermal conductivity of both phases through the 
parameter γ on the stability of the medium. On the other hand, the left frame displays the 
variation of RC versus Bf2 for various values of Bf1 with fixed γ=1.  According to this frame, 
the thresholds values of R attain an infinite value in a case where both Biot numbers of fluid 
phase simultaneously tend to zero. In other words, the most stable configuration shows up 
when the ability to exchange heat between both fluid of open surfaces and the external 
environment becomes too weak. If we look at the curve of Bf1=10-1 we can notice the same 
behaviour arises even though the fluid of the open lower surface has a huge ability to 
exchange heat with the environment. Figure (2) describes the threshold values of R versus 
Bf1 with different γ for the special case of the local thermal non-equilibrium (LTNE) regime. 
The uneven effect of Biot numbers for all γ did not exhibit any variation in the behaviour of 
RC compared to the previous one of the LTE. Besides, this case supports what have been 
shown in the right frame of Fig. 

 Fig. 2.  Limiting case of LTE: Plots of Rc versus Bf2 for γ=1 (l eft frame) 

and neutral stability curves Bf1=Bf2=1 (right frame) 
 



404 
 

Fig. 3.  Limiting case of LTNE: trends of RC versus Bf1 for different values of γ 

CONCLUSIONS 

The study is performed on modelling both free surface layers in the Horton-Rogers-Lapwood 
configuration with the third kind of thermal boundary conditions using two different 
temperature phases. The basic flow achieves a stable configuration if both layers have a poor 
capability of exchanging heat with the external environment. The fluid layer can bring about 
destabilizing effects if both open surfaces have a higher coefficient of heat transfer with the 
external medium. Briefly, this behaviour becomes more prominent when a solid phase is 
much more conductive to a fluid one. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Contact heat and mass exchangers are used in many technological processes: cooling of 
circulating water or flue gases, air humidifying in air conditioning systems, etc. In common 
devices of this type, vertical tubes can be the main components, in which the liquid film 
flows under the gravitational force towards the gas flow [1-5]. However, there is no universal 
dependence for the calculation of such processes. Therefore, the aim of this study was to 
experimentally investigate the process of mass transfer in the counter-current interaction of 
the air and water film in a vertical tube. 

METHODS 

An experimental facility was created, in which the experimental section was a tube with the 
inner diameter of 34 mm and the length of 1.4 m. At the tube inlet and outlet, air and water 
flow rates and the dry and wet bulb temperatures were measured. Wetting of the surface was 
monitored visually through the special glasses in the upper part of the experimental section. 
The mass transfer coefficient was determined by a specially developed method [6]. The 
schematic diagram of the facility for the study of mass transfer processes in a vertical film 
contact apparatus is shown in Fig. 1.  
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Fig. 1. Schematic diagram of the facility for studying mass transfer in a 
vertical-tubular film contact apparatus: 1 – heat transfer tube, 2 – 

collector, 3 – circulation pump, 4 – heater, 5 – sprinkler, 6 – condenser, 7 
– meter, 8 – fan, 9 – supply line, 10 – liquid rotameter, 11 – air rotameter 

RESULTS 

Fig. 2 shows the dependence of the mass transfer coefficient on the air velocity in a vertical 
tube at a constant water flow rate of 2.4 l/m. An increase in the air velocity above 3.6 m/s 
causes flooding regime with a subsequent transition to co-current flow of the air and water. 
The transition to this regime was identified visually and due to a sharp increase in the 
pressure drop at the experimental setup. We considered this process in more detail in [7-8]. 

 

Fig. 2. Dependence of the mass transfer coefficients on the air velocity in 
a vertical tube 

Fig. 3 provides in the dimensionless coordinates the experimental data and results from paper 
[9]. All the data can be generalized with sufficient accuracy to the equation: 
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Fig. 3. Dependence of the Sherwood number on the Reynolds number in 
a vertical film apparatus: 

 ■ – experiment calculation by equation (1), ▲ – results from [9] with 
different water mass flow rate. 

In this equation, the Sherwood number: 
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, (2) 

where d is the tube diameter, m; D is the diffusion coefficient, m2/s; К is the mass transfer 
coefficient attributed to the difference in concentrations, m/s. The relationship between β 
and К can be written as 
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where Rair is the air gas constant, J/ (kg·K); рair is the air pressure, Pa; Тair is the average air 
temperature in the tube, К. 

The Reynolds number: 
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where w is the air velocity in the tube, m/s; ν is the air kinematic viscosity, m2/s; μ is the 
dynamic viscosity, kg/ (m2/s); ρ is the air density, kg/m3. 

The Schmidt number: 
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CONCLUSIONS 

An empirical dependence convenient for engineering calculations is suggested. The obtained 
data and equation correlate with experimental results from paper [9]. The reliability of the 
experimental technique and processing of its results has been confirmed, which allows using 
the technique for the experimental research of more complex systems. In the future studies, 
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it is planned to investigate in more detail the effect of liquid flow on the mass transfer 
process. 

Keywords: mass transfer; contact heat and mass exchangers; counter current flow. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

It has been shown that the suspension of nanoparticles in base fluids even at low 
concentrations could enhance the thermal properties of the fluid [1]. In turn, this allows to 
improve the thermal efficiency of systems where cooling/heating plays essential role, e.g., 
in microelectronics systems. Therefore, Nano fluids and their thermal properties have 
become a subject of molecular dynamics research [2–4]. However, in molecular dynamics 
simulations with confined Nano fluids, such as Nano fluid simulations inside nanochannels 
and nanotubes, it is difficult to control the density of base fluid because the density becomes 
distorted near the channel walls and nanoparticles due to the liquid-solid interactions. 

In this paper, we investigate the dependence of base argon thermal conductivity on argon 
density inside nanochannel to showcase the influence of changing base fluid density when 
the nanoparticles are inserted in confined fluid. 

METHODS 

The argon inside the nanochannel was simulated at 90 K temperature and five different argon 
densities in the middle of the nanochannel:𝜌 = {1300; 1350; 400; 1450; 1500} 𝑘𝑔 /𝑚3. 
The visual representation of simulated system is given in Fig. 1. The argon atoms interacted 
via Lennard-Jones (LJ) interaction potential, while the copper interactions within the channel 
walls were described using EAM interatomic potential for copper [5]. The argon atoms 
interacted with channel wall atoms also via LJ potential. The equations of motion for argon 
and channel wall atoms were solved using the velocity-Verlet integration algorithm [6] with 
a time step value of2 𝑓𝑠 . All simulations were performed using LAMMPS molecular 
dynamics code [7]. 

In the simulations, the temperature profile in the liquid argon was induced by a constant heat 
flux𝐽 = 4 ∙ 108 𝑊/𝑚2, which was added to the bottom channel wall and subtracted from 
the top channel wall. Then, the thermal conductivity 𝜆 was following equation: 

 𝜆 =
𝐽

(
𝛥𝑇

𝛥𝑧
)
, (1) 
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here, 𝐽 = 4 ∙ 108 𝑊/𝑚2 is the heat flux, 𝛥𝑇 is difference in temperature across the channel 
and 𝛥𝑧 is the channel width. The average argon temperature was maintained at 90 K with 
Nosé-Hoover thermostat [8]. 

 

Fig. 1. Visual representation of simulated system. The periodic boundary 
conditions were applied in x and y while the periodicity was not applied 

in z axis. 

RESULTS 

The argon thermal conductivity dependency on argon density inside the nanochannel is 
given in Fig. 2, which demonstrates that there is no clear dependency of thermal conductivity 
on the argon density inside the channel apart from the slightly fluctuating thermal 
conductivity value in different density simulations. Such value fluctuations occur in 
molecular dynamics simulations due to limited sampling size in finite length simulations. 
The calculated average value of thermal conductivity in investigated density range 
was12.07 𝑊/(𝑐𝑚𝐾). 

 

Fig. 2. Base argon thermal conductivity as a function of argon density 
inside the nanochannel. The circles indicate the thermal conductivity at 

certain density while the dotted line indicates the average value of 
thermal conductivity in investigated density range. 
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CONCLUSIONS 

In this paper, we performed a molecular dynamics simulations of heat transfer through argon 
confined by two parallel coper walls. The simulations were performed at 90 K temperature 
and five different argon densities in the middle of the nanochannel: 𝜌 =
{1300; 1350; 400; 1450; 1500} 𝑘𝑔 /𝑚3 . The results showed that in the investigated 
density range the thermal conductivity of argon inside the nanochannel does not depend on 
the argon density. The calculated average value of thermal conductivity in investigated 
density range was12.07 𝑊/(𝑐𝑚𝐾). 

For the further research, we are planning to investigate the contributions of nanoparticle 
transitional and rotational motion to the enhanced thermal conductivity via means of 
molecular dynamics simulations. 

Keywords: molecular dynamics, Nano fluid, thermal conductivity. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Combustion processes using solid fuel boilers, melting furnaces, internal combustion 
engines [1-3] and others are often used in the energy industry. At high temperatures, the 
working surfaces of the structure must be sufficiently cooled to prevent them from melting. 
In order to find out the design features, fluid dynamics, the influence of their thermodynamic 
properties on the cooling system, it is convenient to use the modern CFD software ANSYS 
FLUINT.  

At the Lithuanian Energy Institute in Plasma Technology Laboratory, a volumetric reactor 
is currently in operation to decompose solid fraction waste [4]. The waste decomposition 
process requires a high temperature that can be generated by applying a free arc plasma 
torch. During the decomposition process, the temperature of the molten material reaches 
3000-3500 K, so the reactor structure is subjected to high temperatures. Therefore, 
appropriate cooling of the reactor is essential during the waste decomposition. The 
determination of proper cooling parameters often is performed applying simulations instead 
of the expensive experimental methods. Consequently, this paper aims to analyse the 
influence of the cooling water flow inlet location and water pressure on the temperature of 
the upper part of the reactor. 

METHODS 

The upper part of the volumetric reactor is made of a round metal plate (diameter 400mm). 
In this metal plate, the channel of 4mm for cooling water was milled. This metal plate was 
boiled on a wider plate with four nipples for incoming and outgoing water. The construction 
provides four holes (Fig. 1). The first hole is used to supply the raw material to the reactor. 
The second hole is used for the sampling of the generated gas. The third hole is applied to 
measure the internal temperature of the reactor using the group of thermocouples. The hole 
located in the central part of the plate is used to connect the plasma torch to the reactor.  

mailto:Mindaugas.Aikas@lei.lt


414 
 

 

Fig. 1. Cooling water flow inlet, outlet zone location 

Numerical Model 

The numerical model is created using ANSYS Fluent software. The water inlet boundary 
conditions are set as flow opening inlets, and outlet boundary conditions are set as pressure 
opening outlets. The exterior wall is modelled as adiabatic. The simulation is solved to 
predict the heat transfer and fluid flow characteristics by using the k-e turbulence model. The 
governing equations for continuity, momentum, energy, k and e in the computational domain 
are shown as follows [5]: 

Continuity: 
𝜕

𝜕𝑥𝑖
(𝜌𝑢𝑖) = 0. (1) 

Momentum: 
𝜕

𝜕𝑥𝑖
(𝜌𝑢𝑖𝑢𝑘) =

𝜕

𝜕𝑥𝑖
(𝜇

𝜕𝑢𝑘

𝜕𝑥𝑖
) −

𝜕𝑃

𝜕𝑥𝑖
. (2) 

Energy: 
𝜕

𝜕𝑥𝑖
(𝑞𝑢𝑖𝑡) =

𝜕

𝜕𝑥𝑖
(
𝜕𝑡

𝜕𝑥𝑖
 
𝑘

𝐶𝑝
). (3) 

 

Turbulent kinetic energy: 
𝜕

𝜕𝑥𝑖
(𝑞𝑢𝑖𝑘) +

𝜕𝑝𝑘

𝜕𝑡
=

𝜕

𝜕𝑥𝑖
((𝜇 +

𝜇𝑡

𝜎𝑘
 
𝑘

𝐶𝑝
)
𝜕𝑘

𝜕𝑥𝑖
) + 𝑆𝑘, (4) 

where: 𝑥𝑖 − 𝑐𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒 𝑜𝑓 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛; 𝑞 − 𝑑𝑒𝑛𝑠𝑖𝑡𝑦; 𝑢 − 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦; 𝑃 − 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 ; 𝐶𝑝 −
ℎ𝑒𝑎𝑡 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦; 𝑡 − 𝑡𝑖𝑚𝑒; 𝜇 − 𝑑𝑦𝑛𝑎𝑚𝑖𝑐 𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦;  𝜎𝑘 − 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡; 𝑘 −
 𝑡𝑢𝑟𝑏𝑢𝑙𝑒𝑛𝑡 𝑘𝑖𝑛𝑒𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 ; 𝑆𝑘 − 𝑠𝑜𝑢𝑟𝑐𝑒 𝑡𝑒𝑟𝑚𝑠.  

The model's grid is compacted at the obstructions in the channel. The total number of 
domains is 57816, of which the solid body is 39651, the fluid is 18165. The boundary 
conditions are given in Table 1. The simulation of the upper reactor part was performed 
based on the initial data obtained during the experiments. Accordingly, the initial 
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temperature of the inlet water was equal to 20.5 °C, while the water pressure ranged from 4 
bar to 6 bar. Water debit varied from 0.048 kg/s to 0.063 kg/s. During the simulations, the 
water inflow and outflow zones, as well as the supply cooling water pressure in the system, 
were changed. Preliminary data were obtained after the 15 min of simulation. The number 
of iterations was limited to 5000.  

RESULTS 

The simulation results of twelve different configurations are provided in Table 1. The 
obtained results show that water outlet temperature decreases with the increase of water debit 
and the outlet pressure regardless of the water inlet zone place.  

Table 1. Boundary conditions of the simulation of twelve different configurations 

Configurati
on No. 

Inlet 
zone 

Outlet  
zone 

Outlet 
pressu

re 

Inlet 
temperat

ure 

Outlet 
temperat

ure 

Debit 
kg/s 

1 1-2 3-4 4 20.5 39.5 0.048 
2 1-2 3-4 5 20.5 36.4 0.055 
3 1-2 3-4 6 20.5 33.31 0.063 
4 3-4 1-2 4 20.5 41.3 0.048 
5 3-4 1-2 5 20.5 38.5 0.055 
6 3-4 1-2 6 20.5 35.68 0.063 
7 1 3 4 20.5 38.5 0.048 
8 1 3 5 20.5 36.12 0.055 
9 1 3 6 20.5 32.7 0.063 
10 3 1 4 20.5 38.9 0.048 
11 3 1 5 20.5 36.27 0.055 
12 3 1 6 20.5 34.78 0.063 

Accordingly, the lowest water outlet temperature is obtained when the outlet pressure equals 
6 bar (configuration No. 3, 6, 9, and 12). Thus, the contours of the cooling water flow 
trajectories obtained from the third and sixth numerical studies are shown in Fig. 2. 
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Fig. 2. Comparison of the water flow trajectories a) third configuration, 
b) sixth configuration 

In the case of configuration No. 6 (Fig 2 b)), more vortices are formed at the point where 
raw material is fed into the reactor, resulting in areas that can overheat. The measured 
temperature in the outlet zone amounts to 35.61 ºC, and it is higher ~2 ºC compared to 
configuration No. 3. The obtained results show that configuration No. 3 is a more efficient 
option. When only one inlet zone is used, the more favourable results are obtained in 
configuration No. 9 compared to No 12.  

CONCLUSIONS 

The numerical study showed that the most efficient cooling occurs when outlet pressure 
equals 6 bar. Also, it was revealed that it is more efficient to use only one incoming water 
zone and one outgoing water zone. In the best-case scenario (configuration No. 9), the water 
heating was 12.7 ºC, and overheating zones were not observed. Thus, configuration No. 9 is 
most suitable for practical application. 

Keywords: CFD, 3D model, water, flow, heat. 

ACKNOWLEDGEMENT 

This research has received funding from European Regional Development Fund (project No 
01.2.2 LMT-K-718-01-0069) under grant agreement with the Research Council of Lithuania 
(LMTLT) 

REFERENCES 

1. BOHNSTEIN, M.; RICHTER, M.; GRAESER, P.; SCHIEMANN, M.; STRÖHLE, J.; 
EPPLE, B. 3D CFD simulation of a 250 MWel oxy-fuel boiler with evaluation of heat 
radiation calculation, Renewable and Sustainable Energy Reviews, 2021, Vol. 137. ISSN 
1364-0321. 

2. RAIČ, J.; GABER, C.; WACHTER, P.; DEMUTH, M.; H GERHARDTER, H.; 
KNOLL, M.; PRIELER, R.; HOCHENAUER, C., Validation of a coupled 3D CFD 
simulation model for an oxy-fuel cross-fired glass melting furnace with electric boosting, 
Applied Thermal Engineering, 2021, Vol. 195, ISSN 1359-4311. 

3. NADERI, A.; QASEMIAN, A.; SHOJAEEFARD, M. H.; SAMIEZADEH, M.; 
YOUNESI, M.; A. SOHANI, A. HOSEINZADEH. S. A smart load-speed sensitive 
cooling map to have a high- performance thermal management system in an internal 
combustion engine. Energy, 2021, Vol. 229, ISSN 0360-5442. 

4. VALINČIUS, V.; KĖŽELIS, R.; GIMŽAUSKAITĖ, D.; GRIGAITIENĖ, V.; 
VALATKEVIČIUS, P. The investigation of an electric arc in a plasma chemical reactor 
for hazardous waste treatment, Journal of Chemical Technology and Biotechnology, 
2020, Vol. 95, P. 450-456. ISSN 0268-2575, eISSN 1097-4660. 

5. AMBEKAR, A.; SIVAKUMAR, R.; ANANTHARAMAN, N.; VIVEKENANDAN, M. 
CFD simulation study of shell and tube heat exchangers with different baffle segment 
configurations. Applied Thermal Engineering, 2016, Vol. 108, P. 999-1007, ISSN 1359-
4311.  



417 
 

II.3. Material sciences and technologies 
 

C. Marcuello et al. ATOMIC FORCE MICROSCOPY AS EMERGING TOOL TO 
INVESTIGATE THE PHYSICO-CHEMICAL PROPERTIES OF LIGNOCELLULOSIC 
POLYMERS AT THE NANOSCALE .............................................................................. 418 

M. Urbonacičius et al. INVESTIGATION OF TIHXOY FILMS PRODUCED BY 
REACTIVE MAGNETRON SPUTTERING TECHNIQUE ............................................ 423 

M. Şahin Yön, M. Karataş. DEVELOPING THE PROPERTIES OF BORON WASTE 
WITH SLAG AND TUNCELI PUMICE TO ENSURE USABILITY IN GEOPOLYMER 
PASTE ................................................................................................................................ 427 

M. S. C. Covarrubias et al. PROPERTIES ON YTTRIUM-DOPED/ UNDOPED BARIUM 
CERATE AND BARIUM ZIRCONATE THIN FILMS FORMED BY E-BEAM 
VAPOUR DEPOSITION ................................................................................................... 438 

Y. Khalaf et al. NEW FORMALDEHYDE-FREE PARTICLE PANELS MADE FROM 
AGRICULTURAL WASTES AND CHITOSAN ............................................................. 442 

L. V. Omelchenko et al. PSEUDOGAP AND FLUCTUATION CONDUCTIVITY  IN 
YBA2CU3O7-Δ NANOLAYERS ........................................................................................ 447 

E. V. Petrenko et al. FLUCTUATION CONDUCTIVITY UNDER THE INFLUENCE OF 
STRONG MAGNETIC FIELDS IN THIN YBCO FILMS............................................... 451 

T. Çetin, Ö. N. Cora. APPLICATIONS OF AUXETIC MATERIALS ............................ 455 

V. Kavaliūnas et al. THE SENSITIZATION OF TIO2 THIN FILMS BY AG 
NANOPARTICLES FOR THE IMPROVEMENT OF PHOTOCATALYTIC 
EFFICIENCY ..................................................................................................................... 459 

M. Yildirim, Z. Candan. CELLULOSE NANOMATERIALS FOR WATER 
PURIFICATION IN MEMBRANE TECHNOLOGY: A REVIEW ................................. 463 

  



418 
 

ATOMIC FORCE MICROSCOPY AS EMERGING TOOL TO 
INVESTIGATE THE PHYSICO-CHEMICAL PROPERTIES OF 

LIGNOCELLULOSIC POLYMERS AT THE NANOSCALE 

C. Marcuello 
Instituto de Nanociencia y Materiales de Aragón (INMA),  

CSIC-Universidad de Zaragoza 

12, C. de Pedro Cerbuna, 50009 – Spain 

 cmarcuel@unizar.es 

 
B. Chabbert, V. Aguié -Béguin 

FARE Laboratory,  

INRAe, Université de Reims Champagne-Ardenne  

2, Esplanade Roland Garros, 51100 – France 

 
M. Molinari 

CBMN, CNRS UMR 5248, IPB,  

Université de Bordeaux 

1, All. Geoffroy Saint-Hilaire, 33600 – France 

 
 

EXTENDED ABSTRACT 
 
 

OVERVIEW 

Governs and policymakers plan to decrease the production of fossil fuels by 6 % per year to 
limit the global warming according to United Nations (UN) reports. In this context, 
lignocellulosic polymers can play a crucial role to minimize the use of scarce fossil fuels. 
Lignocellulose is the main component of the plant cell walls. This biomass produced by 
photosynthesis is the most promising renewable carbon source for solving current energy 
and feedstock issues. The global biomass production is estimated to be 146 billion metric 
tons, comprising mostly wild plant growth and 10 to 50 billion metric tons on a dry basis. 
Of the main components of lignocellulosic materials, cellulose is one of the most abundant 
biopolymers in nature and its biosynthesis, chemistry and structure still remain an active 
field of research. Such is the case that in the last decades, there has been a growing interest 
in the development of sustainable projects based on green chemistry, which has led to the 
generation of novel cellulosic and composite materials with cellulose. Due to the high-level 
of entanglement between the different lignocellulosic polymers which form the plant cell 
wall more research must be devoted in this field to better understand how they are interacting 
between each other and their physic-chemical properties. Atomic force microscopy (AFM) 
is a cutting-edge tool that enables to gather relevant information at the single molecule level 
[1]. Topography of the studied biopolymers is driven by scanning their surface with sharp 
AFM tips. The intermolecular interactions between two biomolecules can be deciphered by 
dynamic force spectroscopy (DFS) attaching covalently one of the biomolecules on the AFM 
tip and the partner on a solid surface. In addition, Nano indentation with bare AFM tips 
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measures the mechanical properties of the studied polymers as the Young’s modulus and 
hardness. Finally, the AFM nanoIR combines the capabilities of AFM with infrared 
spectroscopy. This technique uses the vibrational energy of functional groups and specific 
atoms to resolve which chemical groups are present in the sample with accurately correlation 
on the atomic scale. The present work is focused in different methodologies to covalently 
tether cellulose nanocrystals (CNCs) on AFM levers controlling their coverage. The 
performance of this functionalized CNCs AFM levers is evaluated by determining the 
adhesive properties by DFS towards lignocellulosic films based of galactomannan (GM), 
xylan (XYL), cellulose or lignin in native forms. The impact of relative humidity (RH) on 
the nanomechanical properties of lignocellulosic films and their adhesion with CNCs 
functionalized tips was addressed. Finally, the chemistry of native and dignified transversal 
pine cell wall sections was determined by AFM nanoIR. 

METHODS 

Cellulose nanocrystals (CNCs) were prepared from bleached ramie fibres (Boehmeria 

nivea), galactomannan (GM) and xylan (XYL) were obtained from konjac galactomannan 
and wheat arabinoxylan, respectively. CNCs, GM and XYL films were prepared with 
solutions of 15 mM by casting. Lignin model compounds (LIG) were synthesized by the 
oxidative polymerisation of coniferyl alcohol (4-hydroxy-3-methoxy-cinnamyl alcohol) and 
synapyl alcohol (4-hydroxy-3, 5 dimethoxy-cinnamyl alcohol) at 1 g.L-1 according to the 
“Zutropfverban” method. Lignin films were made by spin coating. Raw and dignified pine 
sections were obtained by cryo-microtrome. 

Functionalized CNCs AFM levers were prepared by Langmuir-Blodgett (LB) and chemical 
procedure by using heterobifunctional p-maleimidophenyl isocyanate linker molecules as 
detailed elsewhere [2]. Topography, DFS and Nano indentation measurements were carried 
out with Multimode-8 AFM (Bruker, Santa Barbara, CA, USA) coupled with a humidity 
generator setup (Wetsys system, Setaram Instrumentation). The chemistry characterization 
was conducted using NanoIR2 AFM setup (Anasys Instruments). The IR laser source is an 
OPO laser of 500 mW tunable pulsed with 12 ns long pulsed. 

RESULTS 

Adhesion force values for CNCs with the studied lignocellulosic films are similar for both 
functionalization procedures at the same coverage of CNCs. The coverage level of CNCs on 
AFM tip-less levers positively impacts on the interaction with lignocellulosic films. LB 
rendered 4.5 greater coverage of CNCs on AFM levers than the chemical procedure (56 % 
vs 12 %, respectively). Moreover, AFM levers functionalized by LB exhibited more 
homogeneous CNCs layers compared to chemical procedure due to the lack of non-reacted 
PMPI spacer molecules. Comparing the different polymer films, the results showed that 
adhesion forces between CNCs:LIG and CNCs:GM were stronger than CNCs:CNCs and 
CNCs:XYL (48.0 ± 17.5 nN, 42.6 ± 4.1nN, 14.7 ± 1.5 nN and 11.4 ± 2.5 nN, respectively) 
at RH of 45 % and coverage of CNCs on the AFM levers of 56 % [2]. 

RH also promotes higher adhesion properties based on the larger number of hydrogen bonds 
formed between the lever and the polymer film. The adhesion force increased from 43.6 ± 
17.1 nN to 54.0 ± 18.2 nN (CNCs: LIG); from 37.5 ± 4.5 nN to 54.7 ± 4.7 nN (CNCs: GM); 
from 14.7 ± 1.0 nN to 16.7 ± 2.1 nN (CNCs: CNCs) and from 8.8 ± 1.5 nN to 11.8 ± 2.8 nN 
(CNCs: XYL) when the RH ranged from 15 % to 95 % with the same coverage of CNCs 
functionalized AFM levers as aforementioned.  In addition, the Young’s modulus of the 
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lignocellulosic films decreased with the moisture from 6.7 ± 0.5 GPa to 5.8 ± 0.6 GPa (LIG); 
from 9.4 ± 0.6 GPa to 4.3 ± 0.5 GPa (GM); from 10.9 ± 0.8 GPa to 9.2 ± 0.9 GPa  (CNCs) 
and from 7.6 ± 0.3 GPa to 5.1 ± 0.2 GPa (XYL) when the RH varied from 15 % to 95 % [3]. 
The dramatically decay of Young’s modulus observed for GM films is expected due to the 
considerable hydrophilic nature of this polymer in contrast to XYL and LIG films. The high-
degree of crystallinity of CNCs films do not allow the water penetration between the inner 
CNC rods. 

Finally, two transversal plant cell sections were analysed by AFM nanoIR and Nano 
indentation. Cell corner of raw pine presents more lignin content than S1 and S2 layers 
(Fig. 1a) exhibiting less stiffness (Fig. 1b). Full IR spectra displayed high peaks at the 
corresponding lignin peak at 1512 cm-1 (Fig. 1c). On the other hand, transversal dignified 
pine sections underwent the release of lignin (Fig. 1d) showing homogeneous 
nanomechanical properties of all plant cell regions (Fig. 1e). Full IR spectra demonstrated 
the decrease of the corresponding lignin peak (Fig. 1f). 

CONCLUSIONS 

Quantifying and characterization of the chemistry and molecular forces driven at nanoscale 
is a preliminary step to boost the design of new high-quality green nanocomposites made of 
lignocellulosic polymers for food active-packaging, papermaking, surface-based on 
polymer-polymer interaction biosensors, or new binder agents. 

Keywords: lignocellulose polymers, adhesion force, relative humidity, stiffness, infrared, 
atomic force microscopy, nanoscale. 
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Fig. 1.  AFM nano-IR image at 1512 cm-1 (a, d), nanomechanical map (b, 
e) and full nanoIR spectra (c, f) of raw pine and dignified pine transversal 

sections, respectively. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Oxyhydrides make up a less known class of multination materials where the oxide and 
hydride anions are sharing similar sites within the crystal lattice [1]. Most often these 
materials are oxygen-containing hydrides, but hydrogen-containing oxides were reported as 
well [2]. Recently, it was realized that in some of these materials H– and O2– ions might have 
a possibility to interact via valence charge states of the metal center [1]. This can create 
uncommon electron energy level structures and can lead to interesting magnetic and optical 
properties which potentially might have appealing applications in commercial products. In 
partially oxidized yttrium hydride and several other rare-earth- (Gd, Dy, and Er) hydrides 
reversible switching of optical transmittance under intense irradiation was observed [3]. 
Such a feature of yttrium oxyhydride is currently being tested for application in smart 
windows devices [4]. Titanium is also recognized for its potential to form a corresponding 
oxyhydride phase [5]. However, the reports on the properties of titanium oxyhydride are still 
scarce and its practical value is not yet determined. Accordingly, in the current study, we 
focused on the controllable one-step synthesis and analysis of titanium oxyhydride films as 
well as the characterization of their structural, optical, and photocatalytic properties. 

METHODS 

In current study TiHxOy samples were synthesized using custom modified Kurt J.Lesker 
PVD-75 physical vapour deposition system, which was equipped with one unbalanced 
Torrus 3 magnetron. The magnetron had high purity titanium disc target (76 mm diameter, 
6 mm thickness, 99.99 % purity) and was powered up by 300 W DC power source. Ar, O2 
and H2 gases were supplied by three mass flow controllers which were operated by Nova 
Fabrica FloTron X multi-channel process control system. In total four types of samples were 
prepared: sample A was a reference TiO2 film deposited using only Ar and O2 gas mixture, 
whereas samples B1, B2, and B3 were TiHxOy films deposited using different Ar: O2:H2 
gas flow ratios (going form sample A to sample B3 gas flow ratios were 3.78:1:0, 
0.42:1:2.36, 0.67:1:4.78 and 0.75:1:6.25 respectively). Structure and other properties of the 
deposited films were analysed using XRD (Bruker D8), XPS (PHI 5000 Versaprobe), and 
SEM (Hitachi S-3400N) techniques. Optical transmission of the films was measured by UV–
VIS spectrophotometer (Jasco V-650), whereas their photocatalytic activity was estimated 
using methylene blue (MB) bleaching test (adopted version of ISO 10678:2010 standard 
[6]).  
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RESULTS 

Reactive magnetron sputtering under Ar-O2 atmosphere (sample A) produced colourless 
transparent film consisting of anatase ant rutile TiO2 (Fig. 1). When gas mixture was 
supplemented with hydrogen, the crystallinity of the samples started to weaken, and they 
started to gain a noticeable tint. At largest hydrogen concentration (sample B3), the effect 
was especially strong: the sample nearly lost the rutile phase and obtained a dark grey-blue 
shade. Such result is interesting from several perspectives.  

 

Fig. 1.  XRD data of the as-deposited TiHxOy films. The inset shows 
actual view of the films. 

First, it can be noticed that earlier reports of TiH2 oxidation experiments indicated nearly 
exclusive formation of rutile phase TiO2 [5,7,8]. Naturally, the oxidation of TiH2 and 
titanium sputtering in reactive Ar-O2-H2 atmosphere is not the same. Nevertheless, the 
decline in the crystallinity of the thermodynamically the most stable TiO2 phase is not a 
trivial outcome and is considered as the indication of the alternative route for Ti-O-H system 
stabilisation. 

 

Fig. 2.  XPS spectra of the as-deposited TiHxOy films: B1 – red, B2 – 
blue, B3 - green. 

Second, in defected TiO2 samples (including “black TiO2” samples produced using hydrogen 
[9]) the dark colour is commonly attributed to the presence of oxygen vacancies and Ti3+ 
species [10–12]. However, despite significantly different appearance of B1, B2 and B3 
samples, their photoelectron spectra of titanium, oxygen and valence band electrons are 
nearly identical (Fig. 2). Their Ti 2p photoelectron spectra have only to two peaks (at 

H2
content

Rutile

Anatase
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approximately 458.7 eV and 464.4 eV) which fits with the standard positions Ti 2p3/2 and Ti 
2p1/2 peaks of Ti(IV) oxide and show no sign of any Ti3+ phase (if present such phases should 
have peaks at approximately 457.3 eV and 462.5 eV). Moreover, in contrast to the 
traditionally enhanced photocatalytic efficiency of the black TiO2 powder (enhancement 
frequently attributed to the presence of Ti (III) oxide), MB bleaching efficiency of the tinted 
TiHxOy films (samples B2 and B3) was weaker in comparison to samples A and B1 which 
were deposited using lower hydrogen fraction in gas mixture (Fig. 3). 

 

Fig. 3. Estimation of photocatalytic bleaching of MB solution using 
different TiHxOy films. 

CONCLUSIONS 

Reactive magnetron sputtering of titanium under Ar-O2-H2 gas atmosphere can produce 
corresponding oxyhydride films where different amounts of hydrogen are introduced into 
crystal structure of anatase and rutile phase TiO2. By entering into the oxide film structure 
hydrogen reduces titanium oxide crystallinity, changes colour and promotes the formation 
of the anatase phase. Photocatalytic bleaching of MB solution using different TiHxOy films 
revealed that bleaching efficiency is becoming smaller when higher hydrogen fraction is 
used for the film deposition. The estimated band gap values for all TiHxOy films remains 
relatively similar to the standard TiO2, therefore, the observed changes in photocatalytic 
efficiency were assumed to be related to the increased charge recombination in TiHxOy films.  

Keywords: titanium oxyhydride, titanium oxide, reactive magnetron sputtering, optical 
properties, photocatalysis. 
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ABSTRACT  

Conventional Portland cement production causes CO2 emissions to the atmosphere 
significant degree. For this reason, the production of concrete/mortar without using 
cement directs scientists to work in this field. The motivation of this study is to 
produce geo - polymer paste by using waste and natural materials as alternative to 
cement. Industrial boron waste (BW), granulated blast furnace slag (GBFS) and 
Tunceli region pumice (TRP) were used for the experimental study. The study was 
carried out in three stages. In the first stage, samples were prepared by using binary-
blended of BW with TRP, the second stage by using binary blended BW with GBFS 
and the last stage ternary-blended of BW, GBFS and TRP. The most suitable curing 
temperature, alkali solution ratios (Na2SiO3/NaOH) and liquid to binder (L/B) ratio 
for these mixtures were investigated according to their compressive strength. As a 
result of the experimental study, it was determined that the curing temperature 
providing the highest compressive strength for binary blended BW with GBFS was 
60°C, the L/B ratio was 0.45 and the Na2SiO3/NaOH (NS/NH) ratio was 3.0. 
However, for binary-blended of BW with TRP was 100°C, the L/B ratio was 0.45 
and the NS/NH ratio was 3.0 while ternary-blended of BW, GBFS and TRP was 
60°C, the L/B ratio was 0.45 and the NS/NH ratio was 1.0. 

Keywords: Geopolymer paste, Boron waste, Tunceli region pumice, Granulated blast 
furnace slag, compressive strength 
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INTRODUCTION 

Conventional Portland cement production causes significant CO2 emissions to the 
atmosphere. Amorphous geopolymers produced using alkaline activators offer superior 
properties such as high strength, low energy consumption, reduction of harmful gas 
emissions (CO2, SO2, etc.) and the use of wastes instead of natural resources. Researchers 
continue their studies to produce geopolymer mortars using different waste materials (fly 
ash, silica fume, rice husk, slag, etc.). Koçkal et al. stated that binder type, binder amount 
and alkali activator (sodium hydroxide) significantly affect the physical and mechanical 
behaviour of geopolymer samples [1]. Davidovits investigated properties of geopolymer 
cements and emphasized the advantages of geopolymers [2]. Duxson et al. stated that the 
geopolymer gel could be the key to the future development of cement materials that are more 
environmentally friendly, economical, durable and high strength [3]. Aygörmez et al. 
investigated durability of geopolymer composites. They assessed durability properties of 
geopolymers starting 365 days after production [4]. Uysal et al. used metakaolin, silica fume, 
ground granulated blast furnace slag (GBFS), colemanite and polypropylene fibre for their 
study. The effect on the behaviour of geopolymer composites formed by partially replacing 
metakaolin with two waste materials was examined in terms of physical properties overall, 
the results have proven that substitute materials are beneficial [5]. Çelik et al. evaluated high 
temperature behaviour, some mechanical and microstructural properties of metakaolin based 
geopolymer mortar composites reinforced with boron wastes reinforced with 4 different fibre 
types. [6]. Hardjito et al. investigated the geopolymer concrete, silicon and aluminium-rich 
by-product material such as fly ash with low calcium (ASTM C 618 Class F)  activated with 
high alkaline solution to shape the paste [7]. Haha et al. assessed the two types of slag with 
different Al2O3 content by activating with NaOH and sodium metasilicate. They observed 
that C-S-H gels found in NaOH activated pastes are more crystalline and contain less water 
and the formation of calcium silicate hydrate (C-S-H) and sodium-rich C-N-S-H with similar 
Ca content occurred at longer hydration times [8]. Özodabaş and Yılmaz investigated the 
durability and strength of alkali-activated blast furnace slag (AAS) mortars with finely 
ground pumice (P). In their study, instead of cement, 60% and 80% blast furnace slag were 
used. They said that, the best results were obtained from the samples containing 8% Na2O 
[9]. Top and Vapur investigated, fly ash (FA) based geopolymer (GP) concretes by using 
basaltic pumice (BP) aggregates and fly ash (F Class) mixture for lightweight concrete. [10]. 
Zhu et al. examined the coarse fly ash substituted 0-40% with granulated blast furnace slag. 
Geopolymer pastes, and mortars were prepared at a liquid/solid ratio of 0.6-0.8 by mass. 
They expressed that natural fly ash, liquid/solid ratio and slag substitution play an important 
role in improving the durability of Alkali Activated Fly Ash concretes [11]. Chi, to activate 
the granulated blast furnace slag, used the activators with a sodium oxide (Na2O) 
concentration of 4%, 5% and 6% by weight of the slag and a liquid sodium silicate modulus 
(the ratio of SiO2 to Na2O) of 0.8. He stated that, the dosage of both Na2O and H3PO4 was 
added mix is the important factor affecting the properties of fresh AASC blends. [12]. Koçkal 
et al. due to environmental problems such as high raw material demand, energy consumption 
and high amount of carbon dioxide emission, investigated the physical and mechanical 
behaviour of geopolymers with different compositions [13].  

In this study, the usability of the waste released after the processing of the boron mine in the 
geopolymer paste was investigated. In preliminary experimental studies, it has been 
determined that it is not possible to use boron waste alone in geopolymer paste [14]. In order 
to increase the workability and compressive strength of BW, TRP which were not used in 
the literature before, and GBFS were used.  
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EXPERIMENTAL PROCESS 

Materials 

For experimental study, Boron Waste (BW), Granulated Blast Furnace Slag (GBFS) and 
Tunceli Region Pumice (TRP) were used as materials. Turkey has about 70% of world boron 
reserves. As the country with the majority of boron reserves, the requirement to utilize the 
waste of the mentioned reserve is of great importance in terms of contributing to the ecology. 
BW was procured from Eti Mine Enterprises Kırka Boron Operations Directorate as course. 
To improve paste content GBFS provided from Zonguldak Ereğli Iron and Steel Factory was 
used. Also, TRP was obtained from the nature of Tunceli- Mazgirt District in Turkey. After 
this rock was collected, it was washed in the laboratory. The grinded materials for use the as 
binder in the paste were sieved through a 75 µm sieve. Figure 1 shows the process of grinding 
of used all materials. Chemical and some physical properties of BW, GBFS and TRP given 
in the Table 1 were performed by ACME Analitic Laboratory Services Company. NaOH 
and Na2SiO3 were used as alkaline solution. NaOH (NH) is a minimum purity of 98% and 
is mixed with deionized water to make a 12 M NaOH solution. The Modulus Silica (MS) of 
the used Na2SiO3 (% SiO2/Na2O) is 3.13. Liquid sodium silicate consists of 9.2225 Na2O, 
28.875% SiO2. The specific gravities of NaOH and Na2SiO3 are 1.35 and 1.4, separately. 

 

a) Grinding process of BW 

 

b) Grinding process of GBFS 

 

c) Grinding process of TRP 
Fig. 1. Grinding process of materials 
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Table 1. Chemical and some of physical properties of BW, GBFS and TRP 

Components % BW GBFS TRP 

SiO2 16.45 39.10 43.62 
Al2O3 0.96 16.28 16.95 
Fe2O3 0.28 0.83 13.28 
CaO 17.26 35.28 8.13 
MgO 17.30 6.45 5.49 
Na2O 5.14 0.44 2.53 
K2O 0.58  0.59 2.02 
LOI 34.4 -1 3.4 

Specific 
gravity(g/cm3) 

2.54 2.89 2.98 

Firstly, to see the performance of BW in geopolymer paste, trial mixtures produced 
containing 100% BW. But they did not settle in the mold despite the use of a vibration table. 
This situation shows that the workability of the samples produced using 100% BW is low. 
After that samples were exposed to 120 oC and 70 oC temperatures for curing. Fig. 2 
illustrates the significant shrinkage and cracks at the samples. 

 

a) After 120 oC cure temperature          b) After 70 oC cure temperature 
Fig. 2. States of BW samples after oven cure for various temperature 

(adopted from [14]) 

Table 2 gives compressive strengths of 100% BW mixture and binary mixtures in which BW 
was replaced with GBFS at levels of 20%, 30% and 50% by weight, for various temperature 
and L/B. Compressive strength results for 100% BW were found to be very low, especially 
at 70°C, while the highest strength was found to be approximately 10 MPa at 120°C, with 
L/b ratio of 0.50.  
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Table 2. Compressive strengths of preliminary castings for various temperature and L/B 

Mixed 
BW 

conten
t (%) 

GBFS 
conten

t 
(%) 

Curing 
Temperatur

e (oC) 

Solution 
used 

(NS/NH
)  

[15] 

Liquid/Binde
r 

L/b 

Compressiv
e strength 

(MPa) 

B100 100 0 120 

3:1 

0.55 5.16 
B100 100 0 70 0.55 2.46 
B100 100 0 120 0.50 10.57 
B100 100 0 70 0.50 1.23 

B20+C8
0 

20 80 70 0.35 48.12 

B30+C7
0 

30 70 70 0.35 23.4 

B50+C5
0 

50 50 70 0.35 4.62 

When the binary mixtures in which BW was replaced with GBFS results were evaluated, it 
was determined that the slag substitution increased the compressive strength at a high rate. 
[14]. It was concluded that after the preliminary castings, the BW can be used at a maximum 
rate of 25%. So, it is aimed to increase the compressive strength of BW with GBFS and TRP. 
In this experimental study, it is objected to determine the curing temperature and NS/NH 
ratio that will provide the highest compressive strength by determining the 25% ratio of BW 
that can be used in geopolymer paste.  

Experimental Study 

In this part of the study, experimental studies were carried out on samples with maximum 
BW ratio (25%) to determine the optimum curing temperature, NS/NH ratio and 
Liquid/Binder (L/B) ratio. Firstly, 25% BW-75% TRP mixture was activated with 12M 
NaOH and NS. Secondly, 25% BW-75% GBFS mixture was activated with same activators. 
In the last mixtures, 35% GBFS and 40% TRP were used with 25% boron waste by weight. 
Since the compressive strength result of %100 BW was low and to save energy, all samples 
exposed to curing temperatures of 20°C, 60°C and 100 °C instead of 70°C and 120 °C at the 
preliminary casting. Produced 50x50x50 mm samples are shown in Fig. 3. 

 

a) BW%25-TRP%75     b) BW%25-GBFS%75 
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c) BW25% -GBFS35% -TRP40% 
Fig.3. All produced samples for various curing temperature, NS/NH ratio 

and L/B 

Samples exposed to curing temperatures of 100 °C and 60°C, consisting of 75% GBFS and 
25% BW, are shown in the Fig. 4a. The shrinkage of the samples exposed to 100°C is seen 
from mould. However, it was seen that there was no shrinkage in the samples cured at 60°C. 
Fig. 4b represents the shrinkage of the samples which have 75% TRP and 25% BW. In here, 
it was seen that while crack formation was observed at 60 °C, shrinkage occurred at 100 °C. 
In the last mixtures, for 60 oC and 100 oC, 35% GBFS and 40% TRP were used with 25% 
BW by weight. As given in the Fig. 4c, it was observed that the samples cured at 100°C 
shrank, while the samples cured at 60°C did not shrink. 

 

 

 

a) 75% GBFS and 25% BW samples                 b) 75% TRP and 25% BW samples 
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c) 35% GBFS, 40% TRP and 25% BW samples 
Fig.4. Shrinkage of samples at 100°C 

RESULTS AND DISCUSSIONS 

The resulting mixtures for BW%25-TRP%75 were subjected to a pressure test and achieved 
results were given in Figure 5. In this figure L/B shows ratio of Liquid to binder while 1.0, 
2.0, 3.0 values represent the NS/NH ratios respectively. When this figure was investigated, 
maximum compressive strength was obtained from at 100°C for 3.0 NS/NH ratios and 
L/b=0.45 alkaline solution. Therefore, this L/B ratio was selected for other mixtures. But, 
shrinkage was observed at these samples at 100 °C.  However, it was observed that the lowest 
strengths occurred at 20°C.  

 

Fig.5. Compressive strengths of 25% BW-75% TRP samples according 
to various L/B ratios and curing temperatures 

Fig. 6 shows compressive strength of 25% BW and 75% GBFS mixtures for 1.0, 2.0 and 3.0 
NS/NH ratios and different temperatures. For 3.0 NS/NH ratio and L/b=0.45, the maximum 
compressive strength was reached the 57.2 MPa at 60°C. When the highest value is 
compared with other studies, it is seen that it has high strength. For example, Saha and 
Rajasekaran produced a geopolymer paste mixture using slag and fly ash. They use the 
GBFS ratio as 50% for the 12 M NaOH solution and found the 28-day compressive strength 

20°C-1 20°C-2 20°C-3 60°C-1 60°C-2 60°C-3 100°C-1 100°C-2 100°C-3
L/B=0.35 3.76 2.68 2.74 11.52 4.62 3.4 14.48 30.68 16.68
L/B-0.45 4.62 2.76 2.28 9.36 6.8 4.52 17.48 30.5 33.28
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of the produced samples to be 48 MPa [16]. Verma and Dev produced geopolymer concrete 
using 25% fly ash and 75% GBFS. They determined the average compressive strength of the 
concrete samples as 29 MPa under 13 M NaOH, 1/1 NS/NH and 80 oC curing temperature 
[17].  

 

Fig.6. Compressive strengths of 25% BW-75% GBFS samples according 
to various NS/NH ratio and temperatures 

Compressive strength results of samples consisting of 25% BW, 35% GBFS and 40% TRP 
was given in Fig. 7. According to this graph, it is seen that the highest compressive strength 
occurs at 100°C and 1.0 ratio for NS: NH. But shrinkage was observed all samples cured at 
100°C. Therefore, in order not to have a significant difference in strength and to gain energy, 
curing temperature and NS: NH ratio for this triple mix samples was selected as 60°C and 
1.0, respectively. 

 

Fig.7. Compressive strengths of 25% BW 35% GBFS and 40% TRP 
samples 
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CONCLUSIONS 

In this study, it is aimed to produce geopolymer paste by using industrial wastes and natural 
stone without using cement.  

As a result of the experimental research, the results obtained for the samples produced using 
25% BW-75% TRP are given below. 

 The compressive strength of TRP and BW mixtures decreases with decreasing 
temperature. 

 In TRP and BW mixtures, it was seen that the samples did not settle in the mold 
at a ratio of 0.35 L/b. 

 The highest compressive strength was achieved in the NS/NH ratio of 3.0 and 
the Liquid/binder (L/B) ratio of 0.45 in TRP and BW samples. But, shrinkage 
was observed at these samples. 

 As a result of the experimental research, the results obtained for the samples 
produced using 25% BW-75% GBFS are given below. 

 While the lowest strength was occurred at 20°C NS/NH= 3.0, it was determined 
that the highest strength was obtained in mixtures with 60°C NS/NH=3.0. 

 Also, it was seen that the samples cured at 100°C shrank, while at 60°C there 
was no shrinkage. 

 As a result of the experimental research, the results obtained for the samples 
produced using 25% BW-35% GBFS- 40% TRP are given below. 

 While the highest strength was occurred at 100°C NS/NH=1.0, it was 
determined that the lowest strength was obtained in mixtures with 60°C 
NS/NH=3.0. 

 Although the strength at 100 °C was slightly higher than at 60 °C, it caused 
serious shrinkage in the samples. In order to prevent this shrinkage and to 
provide low energy consumption, the optimum temperature was selected as 60 
°C and the ratio NS/NH=1.0. 

 Consequently, mechanical and durability tests will be done in future studies to 
investigate the usage of BW in geopolymer mortar and concrete. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Yttrium-doped/undoped barium cerate (BaCeO3) and barium zirconate (BaZrO2) thin films 
are used as electrolytes of proton conductive fuel cells (PCFC). BaCeO3 materials at 
intermediate temperatures present low ion conductivity [1]. However, these materials have 
shown to be a good diffusion barrier between the metal electrode and the electrolyte to 
decrease the energy barrier between them [2] and enhance the proton path. Another material 
is BaZrO2 doped with 20% yttrium which obtained the highest protonic conductivity of 
0.11 S/cm-1 at 500 oC (5% H2, 0.03 Pa (H2O), Ar) [3] formed by pulsed laser deposition. A 
type of dopant and different concentrations affect the chemical stability, phase, lattice 
parameters, grain size, and strains of the materials that influence the proton trapping effect 
[4] on the Grotthuss mechanism and the resulting protonic conductivity. Yttrium dopant has 
shown a lower proton trapping effect [4]. Grain boundaries on electrolytes affect ionic 
conductivity due to the formation of space charge depletion zones [5] formed by positive 
charges as voids and holes [6] that are surrounded by negative charges. Moreover, low 
crystallinity adds resistance to the ion conductivity [7]. Therefore, highly dense electrolytes 
with high crystallinity are required. The proton jump energy is also influenced by lattice 
parameters which differ for BaCeO3 and BaZrO3, e.g. a = 8.724 Å, b = 6.230 Å, c = 6.211 Å 
of BaCeO3 [8] and a = 4.210 Å [9] of BaZrO2. It is known that the electrolytes may have 
different microstructure, density, and crystallinity depending on the chosen formation 
method, therefore, it is important to analyse the formation methods and technological 
parameters to obtain highly dense and crystalline films. The purpose of this research is to 
investigate the formation of yttrium-doped/ undoped BaCeO3 and BaZrO2 thin films using 
e-beam vapor deposition and to analyse the influence of formation parameters and 
composition on the microstructural properties. 
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METHODS 

The thin films were deposited using e-beam physical vapor deposition system Kurt J. Lesker 
EB-PVD 75. The initial powders (BaCeO3, 99.9% purity; BaZrO2, 99.9% purity; and 
BaZrO2 doped with 20% yttrium) were used as a target material to form the thin films. The 
powders were pressed into pellets and evaporated on substrates. Prior to the deposition 
substrates were cleaned ultrasonically with isopropanol and acetone. The substrate 
temperature was changed from 300 oC to 610 oC during the deposition. The acceleration 
voltage of the electron gun was 7.9 kV, and the current was adjusted in the range of 30-100 
mA. The initial pressure was 1×10-5 Pa and the working pressure range was from 1×10-3 Pa 
to 1×10-4 Pa. A profilometer was used to measure the thickness of the formed films which 
was ~1.4 µm for all deposited samples. The crystalline structure of the thin films was studied 
by an X-ray diffractometer (XRD). The measurements were performed using Cu Kα 
(λ = 0.154059 nm) radiation at a geometry of 2Θ angle in a 20°–70° range and a 0.01° step. 
The surface topography images and cross-section images were obtained using the scanning 
electron microscope (SEM). Elemental composition was analysed using an energy-
dispersive X-ray spectroscope (EDS). 

RESULTS 

The thin films of undoped BaCeO3 formed at 500 and 600oC substrate temperature are highly 
dense and exhibit a columnar growth (Fig. 1).  

 

Fig. 1. Cross-section of BaCeO3 formed at 500 oC (I) and 600oC (II). 

XRD patterns (Fig. 2) confirm the formation of the BaCeO3 orthorhombic phase (ICDD: 04-
015-3335) at 500 oC and 600 oC substrate temperatures. The crystals are highly oriented 
towards the (002) plane compared with the random orientation on the pellets. Crystal size 
was calculated by the Scherrer equation and their values vary from 29.36 to 34.83 nm for 
500 oC and 600 oC respectively. Crystal sizes are in the low range compared with pellets [10, 
11], with values between 30 and 75 nm. Highly orientation is attributed to the orientation of 
the metal substrate alloys and e-beam formation conditions12. 
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Fig. 2. XRD pattern of BaCeO3 at 500 oC and 600 oC substrate 
temperature. 

Compared with barium cerate, barium zirconate doped yttrium 20% (BZY20) formed highly 
dense films. Oxygen vacancies formed with the presence of dopant also reduce the grain 
growth activation energy [13]. 

 

Fig. 3. Cross-section of BZY20. 

CONCLUSIONS 

Highly oriented (002) BaCeO3 films with high-density columnar growth and highly 
crystallinity were obtained by e-beam vapor deposition at 500oC and 600oC. High dense 
BZY20 was formed by e-beam vapor deposition. 

Keywords: Nanograins, strain, texture 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Current environmental problems, deforestation, and tensions over raw materials, are pushing 
manufacturers to substitute wood in the production of wood-based panels by other 
alternative lignocellulosic sources. In addition, the replacement of synthetic binders based 
on non-renewable, petro-sourced, and carcinogenic formaldehyde with other bio based and 
biodegradable materials is being sought with the aim of pollution reduction and 
environmentally friendly materials production. Thus, the present work is devoted to the 
development of new panels using a polysaccharide binder, chitosan, in presence of 
reinforcements based on miscanthus or spent mushroom substrates combined with olive 
waste residues. 

METHODS 

Miscanthus × giganteus (M) from the summer 2018 harvest comes from the EARL Ar 
Gorzenn Company (Pont Croix, France). The spent mushroom substrate (SMS) is recovered 
from the "Gourmet mushroom" farm located in Byblos, Lebanon. These resources 

https://www.researchgate.net/institution/University_of_Forestry/department/Department_of_Mechanical_Technology_of_Wood
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underwent grinding followed by automated sieving before use. Olive pomace waste is 
collected at the "Ghaoui-Ghaoui" olive mill in Darbechtar located in northern Lebanon. This 
waste has undergone crushing and manual sieving to separate the Olive pomace (OP) from 
the Olive Stones (OS) waste. Chitosan having a degree of deacetylation greater than 90%, a 
viscosity of 30 to 100 cps and an average molecular weight of 250,000 g mol-1 was purchased 
from Glentham Life Sciences (Corsham-Wiltshire, United Kingdom). 

Four panels were prepared from the different components as shown in Table 1. The binder 
solution is prepared by dissolving chitosan (4% w/v) in aqueous glacial acetic acid solution 
(2% v/v) at room temperature using a mechanical stirrer. 24 g of OP or OS are added to the 
chitosan solution followed by mechanical stirring for 5 minutes. The mixture is then poured 
onto 36 g of M or SMS particles followed by manual mixing. The mixture is left at room 
temperature for 30 min to promote reinforcements wetting. Preheating is then applied for 
60 min at 105 °C. The partially dried mixture is placed in a Teflon-coated stainless steel 
mold (180 × 50 × 70 mm3) and compacted using a backing mold and a hydraulic press to a 
thickness of 1 cm. Compaction is maintained overnight in an oven at 105 °C. The panels are 
recovered after cooling and demoulding. 

The bulk density, porosity, morphology, water absorption capacity by immersion and 
mechanical compressive strength before and after immersion are evaluated for the various 
panels. 

RESULTS 

Density and Porosity 

The average bulk density and the porosity rate are presented in Table 1. Despite the similarity 
of the total initial weight and the fixed mold dimension, the bulk density of the materials was 
different depending on the reinforcement type. Thus, the SMS-based panels are much denser 
than the M-based ones because of significant volume shrinkage of the samples which are 
probably related to the collapse of the microtubes inside the cells and a reaction of mycelium 
present in SMS [1]. 

Table 1.  Average bulk density and porosity rate of the panels as a function of the 
formulations 

Porosity (%)  Average 
ρapparente  (kg/m3) 

Fibbers (36 g /24 g) Sample 
name 

16.2 665 ±80 Miscanthus / Olive 
Pomace  

MOP 

19.4 685 ±9 Miscanthus / Olive 
Stones 

MOS 

 10.0 899 ±47 Spent mushroom 
substrate / Olive 

pomace 

SMSOP 

15.8 806 ±14 Spent mushroom 
substrate / Olive 

Stones 

SMSOS 

*For all panels: mchitosane = 4.5g; Vacetic acid 2% = 108 mL; ratiofibres/binder (%/% m/m) = 93/7 
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The porosity rate decreases with increasing bulk density, and conversely. The most porous 
panels are MOS and MOP. However, SMSOP has the lowest porosity rate. This phenomenon 
could be explained by the softening and shrinking of the mycelium [1] after cooking/drying 
of the panels at 105 °C inducing a decrease in the intrinsic porosity of the SMSs. 

Optical Microscopy 

Fig. 1 presents the superficial observations of the different panels using a "Ladybird MZ1240 
Trinocular" stereomicroscope. The shiny layer on the surface of the fibres corresponds to the 
presence of the chitosan binder. This can be considered as an indicator of a good wetting of 
the different particles by the binder. It is visible that the M and SMS are well dispersed and 
homogeneously oriented parallel to the surface. It appears that OS are dispersed as 
aggregates. A gap is clearly visible between the particles indicating the presence of pores. 

 

Fig 1. Microscopic observations of the panels surface according to the 
formulations 

Absorption Capacity 

The absorption capacity (Δm %) of the panels versus time is presented in Fig. 2. It seems 
that Δm is independent of the nature of the reinforcements. SMSOS panels have the highest 
absorption capacity for the first 30 minutes, while for the same duration a low absorption 
capacity (Δm <10%) is noted for the other panels. After immersion for 5 days, the MOP 
panels exhibit significant weight gain at saturation, reaching the threshold of 40%. This 
agrees with the photos of the microscope which show the presence of the large-diameter 
pores for the MOP panel. The rest of the panels seem to have an intermediate weight gain 
(32-35%). 
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Fig 2. Absorption capacity of the panels versus time (A-for 30 min; B-for 
5 days)  

Mechanical Behaviour by Compression 

Fig. 3 shows the compressive strength (MPa) values of the panels before and after immersion 
in water. SMSOP panels show the highest strength followed by M panels. This is explained 
by the presence of minor porosity for SMSOPs and the presence of mycelium. After 
immersion/drying, the compressive strength appears to be deteriorated for all panels. Only 
MOP panels seem to have close value to that obtained before immersion. 

 

Fig 3. Compressive strength (MPa) of the panels before and after 
immersion/drying depending on the formulations 

CONCLUSIONS 

In this study chitosan-based panels using miscanthus and/or spent mushroom substrate with 
olive pomace waste was produced. Preliminary results show that panels are successfully 
prepared with an average density between 665 and 899 kg/m3. The absorption capacity of 
all panels is less than 40% by weight despite the extended immersion time. To complete this 
study, additional mechanical bending and internal bonding strength analysis, contact angle 
analysis and microscopic observations after immersion will be performed. The aim of this 
study is the production of fully bio-based particleboards using local and/or neglected 
materials for interior design applications. 
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EXTENDED ABSTRACT 
 
 
 

OVERVIEW 

After thirty years since the high-temperature superconductors (HTSC’s or cuprates) 
discovery the physics behind the pairing mechanism which allows the Cooper pairs 
formation at T>100K still remains unknown.  Importantly, apart from the high Tc's, cuprates 
possess the so-called pseudogap (PG) which opens below PG temperature T* >> Tc [1-3]. 
It is believed at present that the proper understanding of the PG phenomenon has to account 
for the pairing mechanism both in cuprates and new FeAs-based high-Tc superconductors 
(pnictides), which is important in view of the search for the room-temperature 
superconductivity. A huge amount of various models has been put forward to explain the PG 
in HTSC's (see [1-4] and references therein) but the issue as for PG physics also remains 
rather controversial. We believe the PG to be due to preformed pairs (local pairs (LP's)) 
formation [2] but the pairing mechanism is very likely of a magnetic type [1, 4]. Thus, the 
comprehension of the interplay between superconductivity and magnetism is widely 
considered to be one of the great challenges of condensed-matter physics [1-4].  

METHODS 

To clarify the issue, we studied the fluctuation conductivity (FLC) and PG in YBa2Cu3O7-δ-
PrBa2Cu3O7-δ (YBCO-PrBCO) superlattices (SL's) and YBCO-PrBCO double-layer films 
(so-called "sandwiches", SD's) with different layer composition, prepared by pulsed laser 
deposition [5]. Pr+3 atoms are known to have an intrinsic magnetic moment, μeff ≈ 3.58μB 
and μeff ≈ 2μB in the PrBCO compound. Thus, such compounds are considered to be very 
promising in studying the change of interplay between superconductivity and magnetism in 
HTSC's which is expected to increase with an increase of the number of PrBCO layers NPR.  

Totally three SL's with 4YBCO-1PrBCO (4Y-1Pr), 7Y-7Pr and 7Y-14Pr layer periodicity 
(samples SL1, SL2, SL3) and two SD’s: 400Å PrBCO-500Å YBCO (SD1) and 400Å 
PrBCO-200Å YBCO (SD2) have been analysed. As expected, SL1 and SD1 demonstrate ρ 
(T) being typical for unadulterated YBCO films [2] with linear up to ~340 K normal-state 
resistivity ρ (T) above T*. With increase of NPR ρ (T) is found to demonstrate excessive 
resistivity being more pronounced in the case of SL3 and SD2. Simultaneously T* shifts 
towards higher temperatures. But ρ (T) still remains linear above T*. 
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RESULTS AND CONCLUSIONS 

At T≤T* ρ (T) deviates from its normal-state linear dependence resulting in emergence of 
pronounced excess conductivity: 

    N Nσ (T) = σ(T) - σ (T) = 1/ρ(T)  - 1/ρ (T)
  (1) 

As a difference between measured ρ (T) and linear normal-state resistivity ρN (T) 
extrapolated towards the low T region [2]. Near Tc σ′ (T) is always described by the 
Aslamasov-Larkin and Maki-Thompson fluctuation theories, but the range of the SC 
fluctuation is at most about 20K above Tc [2]. Equation to describe σ′ (T) in the whole 
temperature range from T* down to Tc was proposed within the Local Pairs (LP) model in 
Ref. [2], and finally allowed to get equation for the temperature dependence of pseudogap:   

 

2
4 *

*

* *
c c0 c0

Te A 1-
TΔ (T)=Tln

σ (T)16 ξ (0) 2ε sinh(2ε/ε )

 
 
 

  (2) 

where A4 is a scaling factor, σ′ (T) is the experimentally measured excess conductivity, ξc 
(0) is a coherence length along the c-axis, ε is a reduced temperature and ε*c0 is the 
theoretical parameter [2]. Importantly, all these parameters can be determined from 
experiment within the LP model.  
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Fig. 1. Temperature dependencies of PG Δ* for all samples studied, 
analysed with Eq. (2).     

Fig. 1 shows results of the PG analysis obtained for all five samples using Eq. (2) with 
corresponding set of parameters derived from experiment. As expected, SL1 shows Δ*(T) 
being typical for unadulterated YBCO films with a wide maximum at Tmax~130 K and Δ*max 
≈ 250 K. With increase of NPR, Δ*max decreases but T* increases. Simultaneously 
pronounced maximum of Δ*(T) appears at high T, which gradually increases along with 
NPR. The maximum becomes more pronounced for SL3 and SD2 (Fig. 1). For the first time 
such Δ*(T) with a descending linear region was observed for SmFeAsO0.85 between the 
structural transition temperature Ts=150K and SDW ordering temperature TSDW = 130 K, 
and is believed to be the more noticeable feature of the magnetic influence in the HTSC's 
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[2]. To confirm the conclusion, we have compared results obtained for SL3 and SD2 with 
those found for SmFeAsO0.85 and EuFeAsO0.85F0.15. Fig. 2 shows that both the range of the 
descending linear region and its slope are the same for all shown samples. Similarity of the 
results suggests the presence of the magnetic interaction in YBCO-PrBCO compounds too, 
which is believed to be responsible for the specific Δ*(T) shape at high temperatures (Fig. 
2). Thus, one may conclude that the basic mechanism of the interplay between the 
superconductivity and magnetism is the same in all HTSC’s where superconductivity can 
coexist with magnetism. 

 

Fig. 2.  Δ*(T)/Δmax as a function of T/T* for SL3 and SD2 compared 
with the Fe-pnictides samples SmFeAsO0.85 (Tc =55 K) [2] and 

EuFeAsO0.85F0.15 (Tc=11K) [6]. Equal slope solid lines correspond to the 
linear Δ*(T) region. Horizontal lines designate its length which lasts 

between Ts and TSDW. Arrows at T01 designate the ranges of SC 
fluctuations.  

Keywords: (pseudogap, fluctuation conductivity, superconductivity, superlattice, double-
layer films) 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

It is believed that understanding the mechanism of electron pairing in high-temperature 
superconductors (HTSC) will indicate the direction of synthesis of superconductors with a 
desired high Tc. For this, it is necessary to study the properties of HTSCs in the normal state, 
where the pseudogap is opened at the characteristic temperature T*>>Tc. It is known that the 
low charge carrier density, NF, promotes the formation of paired fermions in cuprates below 
T*. That is, the so-called local pairs (LPs) [1, 2], which are considered responsible for the 
formation of the PG ([2, 3] and references therein). At high temperatures Т ≤ Т*, LPs appear 
in the form of strongly bound bosons (SBBs), which obey the Bose-Einstein condensation 
theory (BEC) and can only be formed in systems with small nF [10]. SBBs are small since 
ξab (T*) ~ 10 Å in YBCO, and very tightly bound pairs, since, according to the theory [4, 5], 
the binding energy in a pair εb ~ 1/ξ. As a result, SBBs are not destroyed by thermal and 
other fluctuations. However, as the temperature decreases, ξ and, consequently, the size of 
the pairs grows, and the SBBs are gradually transformed into fluctuating Cooper pairs 
(FCPs), which already obey the BCS theory near Tc [2, 3, 6]. This is a range of 
superconducting (SC) fluctuations. Additionally, near Tc, when ξc (T) exceeds the size of the 
YBCO unit cell along the c-axis: ξc (T) > d, the quasi-two-dimensional state of HTSCs 
changes to the 3D state [3, 11], since the condensation of FCPs into the SC state is possible 
only from the 3D state [4, 5]. 

Applying of an external magnetic field is one of the excellent methods to study SC 
fluctuations in HTSCs in the vicinity of critical temperature Tc. As an example, consider 
several attempts to analyse the excess conductivity in YBCO in strong magnetic fields [7-
9]. In [7] both B || ab and B || c orientations of external magnetic field were used to study 
fluctuation conductivity (FLC) in aluminium doped YBCO single crystals with a system of 
unidirectional twin boundaries (TBs). Obviously, in this case, the results are deeply affected 
by the aluminium impurities and TBs. Besides, the applied field does not exceed 1.27 T. In 
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[8], magnetic field B = 12 T was applied to study FLC in YBCO composites, which again 
were doped with Ag, which deeply affected the results. It is not known whether these were 
films, single crystals or polycrystals.  In addition, the authors did not show the evolution of 
the FLС with a magnetic field. In fact, only the data at B = 0 and 12 T were shown. In [9], 
the magnetic susceptibility and FLC were measured in an optimally doped (Tc = 91.1 K) 
YBCO film in fields up to 9 T perpendicular to the ab plane. But, surprisingly, as in [8], the 
authors also did not show the evolution of the FLС with a magnetic field. In addition, no 
attempts were made to use the Aslamasov-Larkin and Maki-Thompson fluctuation theories 
to describe FLC as a function of B. As a result, the mechanism of the magnetic field influence 
on the FLC and the vortex motion in YBCO is still unclear. 

From the literature, it is known that the orbital motion of the superconducting carriers is 
strongly suppressed when H⊥c axis is applied.  For this reason, only the Zeeman terms 
contribute to the fluctuation conductivity in this case. 

In our work, we focused on the magneto conductivity ΔσH analysis when the role of the 
orbital motion can be neglected on the fluctuation level. We have studied a high quality 100 
nm-thick YBCO film with Tc = 88.7 K at (LaAlO3)0.3(Sr2TaAlO6)0.7 substrate. The resistive 
measurements have been performed using Quantum Design PPMS-9 equipment in H||ab 
configuration in order to extract the pure Zeeman contributions to ΔσH. 

METHODS 

According to Aronov et al. [10], the contribution of the Zeeman Effect to the Aslamazov-
Larkin (ALZ) and Maki-Thompson (MTZ) terms reads as following: 
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where ωs = gμBH is the Zeeman energy, g is the Lande g factor, μB is the Bohr magneton, τφ 
is the phase relaxation time, kB is the Boltzman constant, ħ is the reduced Planck's constant, 
d is the length of the unit cell along the c-axis, α and δ are pairing and pair-breaking 
parameters, respectively, and ε is the reduced temperature. 

RESULTS AND CONCLUSIONS 

It was shown that the found ΔσH is well described within the 3D-ALZ and 2D-MTZ 
approaches in magnetic fields starting only from 3 T. The clear 3D-2D crossover, observed 
at 91.7 K, retains up to 6 T, up to which the 2D-MTZ contribution still persists. With further 
increase of the magnetic field, the magneto-conductivity shows exclusively 3D-ALZ 
behaviour. 

An additional analysis of the upper critical field within the Werthamer–Helfand–Hohenberg 
(WHH) theory [11] allowed us to determine coherence lengths in the ab-plane (ξab = 10.1 Å) 
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and along the c-axis (ξc = 3.3 Å), respectively, in a good agreement with the literature data 
[12]. 

Keywords: HTSCs, cuprates, high magnetic fields, excess conductivity, fluctuation 
conductivity, coherence length. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

In this study, auxetic materials are examined in terms of production techniques and their 
applications. Materials contract under uniaxial compression transversely and expand under 
tension transversely are named as auxetic and featured with a negative Poisson’s ratio. These 
materials exhibit a series of particular characteristics when compared to conventional 
materials, such as greater indentation resistance, high shear stiffness as well as excellent 
fracture toughness and unrivalled energy absorption abilities. 

INTRODUCTION 

The first auxetic foam was fabricated by Lakes et. al. by converting conventional 
thermoplastic open-cell foam with a thermo-mechanical process in 1987. The foam was 
compressed tri-axially using a mould to buckle cell ribs. Lakes, then improved the method 
to fabricate a large specimen using a four-step procedure [1, 3]. Since then, various 
fabrication processes were developed and/or performed by researchers, including additive 
manufacturing (e.g. electron-beam melting, selective laser melting, direct laser writing 
method) to fabricate auxetic structures [3]. 

The application requirements for cellular auxetic materials can be attained with cell shape 
and size manipulation. Cellular auxetic materials can be categorized into re-entrant 
structures, chiral structures, rotational (semi-) rigid structures, crumpled and perforated sheet 
models, and other complex structures as shown in Figure 1 [1]. 
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Fig. 1. Classification of cellular auxetic materials. Adapted from [1, 4] 

For isotropic materials, the mechanical constants are given in the equations 1, and 2 

              𝐺 =
𝐸

2(1 + 𝜈)
, (1) 

 𝐾 =
𝐸

3(1−2𝜈)
, (2) 

where G, E, K, and ν are shear modulus, Young’s modulus, bulk modulus, and Poisson’s 
ratio, respectively. Negative Poisson’s ratio for auxetic materials results in superior 
mechanical properties as summarized in Table 1. 

Table 1. Mechanical properties of auxetic materials and their benefits. Adapted from [5, 6] 

Mechanical Property Benefits 
Synclastic Curvature in 

Bending Useful for production of miscellaneous structures. 

Variable Permeability Proper for filtration applications which need 
controlling of permeability. 

High Shear Stiffness More flexibility for design of auxetics. 
Enhanced Indentation 

Resistance Increased hardness and strength. 

High Fracture Toughness Higher energy requirement for crack propagation. 
Enhanced Energy 

Absorption Suitability for various industrial applications. 

The plastic Poisson’s ratio should be employed to feature the progressive deformation of 
auxetic materials [3, 7, and 8]. For re-entrant honeycombs under large deformation in the 
vertical direction, this ratio can be described in the form of incremental strain [3, 6]. When 
loaded in this direction, the plastic Poisson’s ratio increases gradually from negative to 
positive while the ratio for loading in the horizontal direction is always negative [3]. 

Re-entrant structures are the materials that provide a good balance between structural rigidity 
and negative Poisson’s ratio, however, in certain applications anisotropy might be a 
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challenging problem. In spite of re-entrant structures have been studied broadly, rotating 
rigid and chiral auxetic structures need more investigation [1]. 

APPLICATIONS OF AUXETIC MATERIALS 

Superior properties of auxetic materials result from the negative Poisson’s ratio effect 
making these materials applicable widely in industry. Applications of auxetic materials are 
summarized in Table 2. 

Table 2. Applications of auxetic materials in the industry. Adapted from [1, 9] 

Fields Commercial Applications 
Sport Pads, gloves, helmets, sports shoes. 

Textile Auxetic Fibbers, clothes, functional fabric, colour change 
straps or fabrics. 

Defence Ultralight wheels, run flat tires, bullet-proof helmets. 
Aerospace Curved body parts, aircraft nose-cones, wing panel. 
Medical Stent, Bandage, wound pressure pad, dental floss, artificial 

blood vessel, artificial skin, drug release, surgical sutures, 
muscle/ligament anchors. 

Sensors and 
Actuators Strain sensors, piezoelectric devices, hygroscopic sensors. 

CONCLUSION 

 Conventional Poisson’s ratio is not applicable to auxetic materials, they need to be 
characterized by the Plastic Poisson’s Ratio.  

 Negative Poisson’s ratio provides auxetic materials a great potential for many 
industries, including medical, automotive, textiles, defence, and aerospace 
applications. 

 New methods are under investigation for the cost-effective production of auxetic 
materials. 

 In spite of re-entrant structures which have been studied broadly, rotating rigid and 
chiral structures need more attention. 

Keywords: Auxetics, auxetic structures, Poisson’s ratio, plastic Poisson’s ratio 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

When light interacts with metallic nanoparticles (mainly Au or Ag [1]), a phenomenon 
known as localized surface plasmon resonance (LSPR) occurs [2]. The material, morphology 
(size and shape of nanoparticles), optical characteristics of the substrate, as well as the 
surrounding environment, the distance between the nanoparticles, and distribution, all have 
a substantial influence on this phenomenon [3–5]. The LSPR effect mainly depends on the 
refractive index, which directly depends on the distribution and size of nanoparticles on the 
surface [6]. The study of TiO2 with Ag nanoparticles on the surface shows an increase in 
photocatalytic efficiency compared to stand-alone TiO2 [7]. Thus, suggesting a viable and 
alternative modification for TiO2 photocatalytic efficiency enhancement. 

METHODS 

The preparation of TiO2 thin films: 

TiO2 thin films (d = 100 nm) were deposited using a reactive magnetron sputtering technique 
(PVD-75 Kurt J. Lesker) on glass substrates. A high vacuum (up to 4·10-3 Pa) was reached 
using dual-stage rotary vane and turbo-molecular pumps before the deposition. Then, the 
chamber was filled with Ar and O2 gases (99.999% purity) with a ratio of 30% and 70%, 
respectively, for TiO2 thin films deposition. The working pressure was ~1.87 Pa during TiO2 
thin films deposition. Ti target (99.995% purity) with a diameter of 50.8 mm was used for 
the deposition of TiO2 thin films. A growth rate of 3.7 nm/min using a DC power supply at 
250 W sputtering power was achieved.  

Formation of Ag nanoparticles on the TiO2 surface: 

The Ag thin films (d = 5; 7.5; 10 nm) were deposited by using a magnetron sputtering 
technique on the surface of TiO2. After creating a high vacuum (up to 4·10-3 Pa) the chamber 
was filled with a high purity Ar gas until a working pressure of ~2.4 Pa was reached. One 
Ag target (99.995% purity) with a diameter 50.8 mm was used for the deposition of Ag thin 
films. A growth rate of 2.5 nm/min for Ag thin films was reached by using a DC power 
supply at 31 W sputtering power. The solid-state dewetting (SSD) process was used for Ag 
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nanoparticles (AgNP) formation on the TiO2 surface. Thus, samples were annealed at a 
400 °C temperature for 60 minutes in a vacuum. 

Morphological and structural analysis: 

The crystal structure of deposited TiO2 thin films was investigated by an X-ray 
diffractometer (XRD, Brucker D8 Discovery) at 2θ in a range of 20° to 70° (with a 0.01° 
step) using a Cu Kα (λ = 1.54059 Å) radiation. The peak analysis was carried out by using a 
“Match!” crystallographic analysis software. The morphology of TiO2 thin films and AgNP 
were analysed by a scanning electron microscope (SEM, Hitachi S-3400N). The optical 
properties of prepared samples were measured by UV-Vis spectrophotometer (UV-Vis, 
Ocean Optics USB4000) in a range of 250 to 800 nm (with a 0.2 nm step) wavelength, and 
the spectra were analysed by “OceanArt” software. 

RESULTS 

According to the XRD results (Fig. 1), almost all as-deposited TiO2 thin films with an Ag 
layer on the surface were amorphous. The SSD process initiated the crystallization of TiO2 
thin films and formation of crystalline Ag nanoparticles. The dominant facets were {101} 
(at 25.41°) and {004} (at 38.16°) for TiO2 thin films whereas {111} (at 38.12°) and {200} 
(at 44.28°) for AgNP. 
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Fig. 1. The XRD spectra of TiO2/Ag samples before annealing (Ag 
thin films on TiO2 surface) and after annealing (Ag nanoparticles on 

TiO2 surface). 

The SEM images of the TiO2/AgNP surface (Fig. 2) show the AgNP’ size and distribution 
dependence on the initial Ag thin film thickness. The average AgNP diameter (~26.73 nm 
to 82.31 nm) increases with increased initial thin film thickness (5 – 10 nm). On the contrary, 
the density decreases from 396.51 1/µm2 to 42.18 1/µm2 with increased thickness. 
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Fig. 2. The SEM images of TiO2/Ag samples: a) as-deposited and b) 
annealed (with an initial Ag thickness of 5 nm); c) as-deposited and d) 
annealed (with an initial Ag thickness of 7.5 nm); e) as-deposited and 

f) annealed (with an initial Ag thickness of 10 nm). 

The LSPR effect can be observed in the transmittance spectra of TiO2/AgNP (Fig. 3). The 
transmittance of visible light reached minimum values at the 550 – 650 nm range, 
respectively to the AgNP size. It can be seen that the LSPR effect increases with an increased 
size of AgNP on the surface of TiO2 thin films. 
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Fig. 3. Transmittance spectra of TiO2/AgNP and LSPR dependency on 
the average diameter of AgNP. 

CONCLUSIONS 

The formation of Ag nanoparticles on TiO2 thin film's surface was done by a dewetting 
process to analyse the LSPR effect and how it depends on the properties of nanoparticles. 
The size of Ag nanoparticles is directly dependant on the initial thickness of Ag thin film on 
the TiO2 surface. Finally, the LSPR effect increases with an increased size of Ag 
nanoparticles. Photocatalytic efficiency depends on formed TiO2/AgNP properties. 

Keywords: TiO2, silver nanoparticles, photocatalysis, LSPR 
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ABSTRACT 

Recent advances in nanoscience and nanotechnology indicate that cellulose 
nanomaterials, with their unique properties such as high surface area, versatile 
surface chemistry, excellent mechanical strength, ample hydroxyl content, and 
biocompatibility, could greatly reduce several current water quality problems. 
Cellulose nanomaterials are the most abundant, biodegradable, non-toxic, and 
environmentally friendly biopolymers on the planet. Cellulose nanomaterials are a 
significant filtration material and are low-cost, sustainable, renewable, inert, and 
stable across a wide pH/ionic strength range. This review focuses on the most recent 
developments in nanocellulose-based membranes for water purification. 
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INTRODUCTION 

Rapid population growth, industrialization, and urbanization have all led to considerable 
water and soil pollution [1]. Water is a scarce resource. Water consumption is expected to 
increase by 55% by 2050 [2]. One in every five developing countries will face water 
shortages by 2050. Water scarcity has an impact on the global ecosystem, human health, and 
food scarcity. 

Different techniques are used to remove various contaminants from water [3]. However, high 
mechanical strength and selectivity without sacrificing water permeability now are required 
for filters [4]. 

Nanocellulose is a biodegradable, non-toxic, and environmentally friendly biopolymer with 
a high surface area, high mechanical strength, and variable surface chemistry making it an 
attractive candidate for next-generation water filters [5]. Metal ions, dyes, metals, and 
microorganisms have all been removed via nanocellulose-based membranes [6]. 

This review focuses on the most recent advances in nanocellulose-based membranes. 

MEMBRANE TECHNOLOGY 

A membrane is a layer that permits certain components to enter while rejecting others. These 
selective layers are used in membrane technology for effective separation without the 
requirement for phase transitions. Nanofiltration (NF), ultrafiltration (UF), and 
microfiltration (MF) techniques, especially reverse osmosis (RO), are used in water and 
wastewater treatment as well as in a variety of other applications. Rapid advancements in 
membrane technology in the last 50 years have made these the preferred technologies in 
water and wastewater treatment. Many membrane technologies, such as membrane 
distillation, forward osmosis, electrodialysis, pervaporation, and others, are also quickly 
evolving and are used in a variety of sectors. Membranes are categorized according to the 
pore size. Reverse osmosis (0.1–1 nm), nanofiltration (1–2 nm), ultrafiltration (2–100 nm), 
and microfiltration (100 nm–10 m) are the four types of filtrations [7]. Fig. 1. Shows the 
characteristics of the different membrane processes. 

 

Fig. 1.  Different membrane processes and characteristics [8]. 
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LIGNOCELLULOSIC BIONANOMATERIALS 

Lignocellulosic biomaterials are three-dimensional biopolymer structures created by linking 
cellulose, hemicellulose, and lignin along with minor quantities of extractive and inorganic 
compounds via a network. Nano-sized materials are referred to as lignocellulosic bio 
nanomaterials and have an external dimension, which means a length interval ranging from 
1 nm to 100 nm. 

NANOCELLULOSE 

Nanocellulose is classified into three types: cellulose-nanofibrils (CNF), cellulose 
nanocrystals (CNC), and bacterial nanocellulose (BNC). CNF has both crystalline and 
amorphous regions, whereas CNC is a rod-like particle with mostly crystalline regions. The 
most generally utilized bacterium species for BNC synthesis is Gluconacetobacter xylinus, 
which has a high capacity to make gel-like cellulose fibrils that contain 99% pure water in a 
3-D Nano network. Fig 2 shows SEM images of various types of nanocellulose. 

Fig. 2.  Different membrane processes and characteristics [9]. 

APPLICATIONS OF NANOCELLULOSE IN MEMBRANE TECHNOLOGY 

The use of nanofiber membranes in water and wastewater treatment is referred to as "new 
generation." The most important characteristics that differentiate nanofiber membranes from 
their peers are high porosity and a high surface-to-volume ratio. Although nanofiber 
membranes are commonly used in commercial air filtration, there have been recent uses in 
water, wastewater treatment, and desalination. CNFs can provide very porous and strong 
network components that can be used as filter layers. Cellulose nanomaterials are used as a 
functional composite material in membrane separation technology. 

CONCLUSIONS 

Membrane technology has great promise for addressing water and energy scarcity challenges 
through wastewater treatment, desalination, and clean energy generation. Membrane 
technology has enormous market potential on a global scale. The development of high-
performance nanocellulose-based and nanocomposite membranes and energy-efficient 
membrane processes is a current trend in membrane science and technology. It has recently 
become obvious that cellulose nanomaterials could play a key role in many water 
remediation technologies. The filtration performance of cellulose-based membranes is 
approaching that of conventional membranes in terms of usability.  

Keywords: Cellulose nanomaterials, Membranes, Sustainable materials, Water purification  
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

In recent years, biochar has been used extensively as a soil conditioner to improve soil 
quality [1]. Soil physical conditions directly influence soil fertility by determining water 
retention capacity, aeration, and soil permeability, which tends to improve soil productivity 
[2]. Several studies indicated that good soil structure, porosity, hydraulic conductivity, 
specific gravity create favourable conditions for essential soil microbial growth, and better 
water and nutrients use efficiency, in the soil profile [3], [4]. Moreover, biochar addition 
improved nutrient and water retention and increased root growth substantially than degraded 
soils with poor physical properties [5]. Biochar amendment improved soil hydraulic 
conductivity by decreasing soil bulk density and increasing soil porosity [6]. However, some 
studies have found that biochar has little or even negative effects on soil physical properties. 
No proof to propose that biochar amendment influenced soil porosity by either direct pore 
contribution, creation of accommodation pores, or melioration in aggregate stability [7]. The 
application of biochar lowered macrospores and pore connectivity in the wheat-rice rotation 
system [8]. Such variations signify that the effects of biochar on soil structure and hydraulic 
properties are unclear.  
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METHODOLOGY 

Experimental Design 

A three-factorial randomized complete block design (RCBD) field experiment was designed 
with six treatments and three replications each. The combination of the treatments was as 
follows: B0N0 (No biochar + No Nitrogen fertilizer), B0N1 (No biochar + 160 kg ha-1 
Nitrogen fertilizer), B0N2 (No biochar + 120 kg ha-1 Nitrogen fertilizer), B1N1 (25 t ha-1 
biochar + 160 kg ha-1 Nitrogen fertilizer), B1N2 (25 t ha-1 biochar + 120 kg ha-1 Nitrogen 
fertilizer), and B1N0 (25 t ha-1 biochar + No Nitrogen Fertilizer). Ammonium nitrate was 
used as N fertilizer.  The biochar was broadcast and shallow incorporated in to the soil 
surface during presowing tillage. The main crop was spring barley (Hordeum vulgare L.) 
which was sown in April 2020 and harvested in August 2020.  

RESULTS 

Soil Bulk Density and Total Porosity  

Due to application of 25 t ha-1 of biochar alone (B1N0) and biochar with 120 kg ha-1 of N 
fertilizer (B1N2) significantly (>0.05) enhanced soil bulk density (BD) by 10-12 % at 5-
10cm depth of soil in the month of May  

Whereas, in August, biochar alone and biochar with 160 kg ha-1 of N fertilizer (B1N1) 
significantly (>0.05) enhanced soil BD by 8-10 % compare to non-biochar treatments.  

Volumetric Soil Water Content 

In our current study, the volumetric soil water content (VWC) at -4 to -100 hPa suction at 5-
10 cm depth was recorded higher (5-7 %) under 25 t ha-1 of biochar with 160 kg ha-1 of N 
fertilizer application (B1N1) compare to other treatments.   

Soil carbon sources 

Results suggests that there is big soil carbon sources (SCS) utilization rate and is directly 
proportional to microbial growth. Carboxylic acid was the leading SCS utilized where 
amines are the least utilized carbon source.   

Soil Microbiological Activity 

All the diversity indices (Average Well Colour Development (AWCD), Richness (R), 
McIntosh Index (U) in the Biology EcoPlate incubated for 96 h, and the higher biodiversity 
rate was recorded in biochar treated soil. 

Correlation between soil physical properties and Carbon Sources 

Looking at the trait interrelations between N0, N1 and N2 under B0, separately, BD was 
found to be significantly positive correlated while total porosity (TP) was significantly 
negative correlated to amino acids under B0N0 and has no correlation recorded under B0N1 
and B0N2.  
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CONCLUSION 

The conclusions of this study are as follows: 

Biochar alone and with 160kg ha-1 and 120 kg ha-1 of N application significantly reduced 
soil BD and enhanced TP, as well as substantially enhanced soil macrospores at both the 
depths during August. Thus, Swine digestate manure derived biochar could be a useful 
amendment to soil with problem of higher BD and lower TP and in compacted soil with 
lower soil porosity.  

Biochar  with 160kg ha-1 of N fertilizer substantially increased VWC at 5-10cm depth at -4 
to -100 hPa suction whereas at higher suction (-100hPa to -15500hPa) field capacity and 
wilting point of soil was recorded higher at both 5-10 and 15-20cm  depths even under 
biochar application, thus could be helpful in drought condition to enhance soil water content 

Biochar with and without N fertilizer application has significantly lowered soil hydraulic 
conductivity by 35-40%  at 5-10cm depth only compare to the non-biochar treatments. Thus, 
Swine digestate manure derived biochar could substantially improve water transmission 
within the top soil layer.  

This study summarized that swine digestate manure derived biochar with and without N 
fertilizer could be useful amendment depending upon type of soil and environmental factors 
in improving its hydro-physical properties and microbial abundance.  

Keywords: Biochar, Carbon source utilization, Soil indices, Soil hydraulic conductivity, 
Soil porosity. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Tillage systems and crop rotation can help maintain soil fertility and increase soil viability 
while preserving the condition of the soil and its environment [1]. Long-term no-tillage (NT) 
can be beneficial in improving soil health and yield, especially when NT combined with crop 
rotation and cover crops [2]. Complex studies, using different tillage and cropping systems, 
can more objectively evaluate soil properties (physical, chemical, biological) changes under 
different meteorological conditions. NT has influence on the depth of penetration and on 
crop roots distribution, which in turn effects the uptake of water and plant nutrients 
availability [3].  

A valuable indicator describing and assessing the physical condition of the soil is soil 
penetration resistance (PR) [4]. PR is affected by other soil properties, such as size of soil 
aggregates, soil moisture content and bulk density. The lower soil moisture content, the 
higher bulk density; higher amounts of small-sized soil aggregates result in higher PR. 
Frequently, reduced tillage increases the PR compared to conventional tillage (CT) [5]. 

Different tillage systems can have various effects on soil carbon dioxide (CO2) emissions 
[6]. Depth of tillage is closely related to the rate of soil CO2 emission and physical soil 
environment [4]. Soil CO2 emissions are dependent on many factors: soil and atmosphere 
temperature, soil water content, soil porosity, root volume [7], soil organic carbon content 
and quality, applied crop rotations with different crop types and tillage systems used [8]. 

The aim of the research was to determine the impact of tillage practices in combination with 
different crop rotations on soil penetration resistance and CO2 emission. 

METHODS 

Field experiments were performed at the Lithuanian Research Centre for Agriculture and 
Forestry in the Central part of Lithuania on loamy Cambisol (55o23' N, 23o50' E). Topsoil 
chemical characteristics, on average, were as follows: humus content was 3.1%, P2O5 - 200 
mg kg-1 and K2O – 150 g kg-1, pHKCl - 6.6. The field experiment was established in 2021 
having a split – plot design in four replications. The experiment consists of 2 backgrounds: 
tillage (conventional tillage (CT); No – tillage (NT)) and crop rotations (Table 1). Catch crop 
– white mustard (Sinapis Alba L.). 
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Soil penetration resistance was determined with an Eijkelkamp hand-held penetrometer, to 
0-40 cm depth, in the spring after sowing. 

Soil CO2 emission was measured in a 0-10 cm and 10-20 cm soil layers with a portable 
analyser Li-Cor 6400-09 (May – August).  

Table 1. Crop rotation treatments 

Preceding crop (2020) – 1st element of crop rotation (2021) 
Abbreviation Crop rotation 

SW-WW spring wheat - winter wheat 
SW-WW+CC spring wheat - winter wheat + catch crop 
WW+CC-SW winter wheat + catch crop - spring wheat 

WW-SW winter wheat - spring wheat 
P-WW+CC peas – winter wheat + catch crop 

Statistical analysis. 

ANOVA analysis of variance was used to evaluate the significant differences between 
treatments of different backgrounds. The study data were evaluated according to Fisher’s (F) 
criterion, using 95% (p<0.05) probability levels. Statistical packages SAS (Statistical 
Analysis System) were used for statistical data processing. 

RESULTS 

Using CT and different crop rotations, penetration resistance did not differ significantly 
within 0-10 cm (1.17-1.40 MPa) and 10-20 cm (1.27-1.41 MPa) soil layers. In spring wheat 
– winter wheat crop rotation PR was 14-20% lower in the upper layer and by 6-11% in the 
deeper layer of the soil, than in the other cropping systems investigated. In WW-SW crop 
rotation the PR was the highest within both soils’ layers. 

In NT with different crop rotation PR was 19-36% lower in 0-10 cm soil layers as compared 
to 10-20 cm. In SW-WW crop rotation PR was 2-8% lower in the upper layer of soil than in 
the soil of other crop rotations. The highest PR in 0-10 cm layer was in P-WW-CC cropping 
system.  PR was the highest in WW+CC-SW crop rotation. PR was 30% lower in CT than 
in the NT in 0-20 cm soil layers. The results of the other studies were very similar [9]. 

Many authors have reported higher penetration resistance values under no tillage practices, 
especially in the upper layers of the soil. Soil penetration resistance has also been shown to 
vary with depth within the soil profile [4]. 

Two the most intensive CO2 emissions were observed in both – conventional (Fig. 1) and no 
tillage (Fig.2) systems in June and August 2021. Significantly higher CO2 efflux was 
registered in early summer in crop rotation: spring wheat – winter wheat + catch crop. It was 
as twice as higher compared to spring wheat – winter wheat crop rotation under NT and CT 
tillage system. High emission was registered in August. Emission intensity was also higher 
in the soil of SW-WW+CC crop rotation under CT tillage, while under NT, intensive 
emission was from soil of WW+CC-SW crop rotation. Catch cop under both tillage systems 
was in favour to increase soil viability and increased CO2 efflux. 
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Our results demonstrated that average CO2 efflux was higher (13%) in NT than in CT during 
plant vegetation. CO2 efflux means was highest in SW-WW+CC crop rotation during plant 
vegetation period in both tillage systems. 

Meteorological conditions (temperatures and precipitation) had a significant effect on CO2 
efflux. Precipitation increased soil moisture as well as CO2 emissions. The highest 
precipitation quantity (average 4.3 mm/day) was fixed in April 29 – June 2 during plant 
vegetation period. Maximum precipitation (26 mm/day) recorded May's 3 during the entire 
investigation period. Amount of precipitation was in favour for soil carbon dioxide emission 
from the soil. In dry conditions, the efflux of CO2 slows down. 

 

Fig.1 Soil CO2 efflux during plant vegetation period in 2021. SW-WW - 
spring wheat - winter wheat, SW-WW+CC - spring wheat - winter wheat 
catch crop, WW+CC-SW -winter wheat catch crop-spring wheat, WW-
SW - winter wheat-spring wheat, P-WW+CC – peas-winter wheat catch 

crop; different letters indicate significant differences between groups 

Dry meteorological conditions (June 14 – July 20) could have led to lower soil CO2 
emissions. Intense heat waves were recorded in both months (July and August). 35°C heat 
was registered on July 10 according to Dotnuva meteorological station recording. CO2 
effluxes were significantly higher in SW-WW+CC crop rotation (CT, April 29). 
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Fig.2. Soil CO2 efflux during plant vegetation period in 2021. SW-WW - 
spring wheat - winter wheat, SW-WW+CC - spring wheat - winter wheat 
catch crop, WW+CC-SW -winter wheat catch crop-spring wheat, WW-
SW - winter wheat-spring wheat, P-WW+CC – peas-winter wheat catch 

crop; different letters indicate significant differences between groups 

This may have led to a higher CO2 efflux in August as well. The higher SR (6.18 μmol m-2 
s-1) was registered in SW-WW+CC crop rotation (CT, August 10), while by 38% lowest in 
NT. However, the highest CO2 efflux (5.53 μmol m-2 s-1) was recorded in WW+CC-SW crop 
rotation using NT, (3.98% lowest in CT) in last studied plant vegetation period.  

CONCLUSIONS 

Penetration resistance (PR) was found to be the higher in no tillage system than in 
conventional tillage system. PR was the lowest in SW-WW crop rotation in both tillage 
systems. 

CO2 efflux was higher in no tillage system than in conventional tillage system during plant 
vegetation. Emission intensity was highest in SW-WW+CC crop rotation during plant 
vegetation period in both tillage systems. 

Keywords: Tillage, cropping systems, soil penetration, CO2 emission 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

The inclusion of legumes in crop rotation is one of the possible ways to increase the available 
nitrogen content and does not require investment [1, 2]. Crop production strategies and 
management practices, such as crop diversification through crop rotation, organic farming 
are encouraged to increase crop productivity and ecosystem services [3]. Growing cereals 
after legumes can improve nitrogen availability to other crops, reduce soil erosion, and 
increase soil organic matter [4]. Diversification of mixed crops with legumes has long been 
used to improve the sustainable use of nitrogen resources and the resilience of the crop 
system to various environmental factors [5]. Legume crops have a strong influence on 
cropping system, as they are directly related to the ability of the soil to react from water to 
nutrient supply, intensification of agro ecological functions [6, 7]. Mixed plant combinations 
can make efficient use of all resources, such as sunlight, nutrients, or water, than is usually 
the case with monoculture, as this significantly reduces the amount of resources available to 
weeds [8, 9]. Researchers in Germany [10], Sweden [9], Denmark [11], Poland [12], and 
Ireland [13] are developing binary legume plant and mixed cropping technologies. 
Technological solutions such as sowing methods and their simplification and combinations, 
as well as tillage [14], plant variety compatibility and selection, seed rates, etc. The choice 
of crops for competitiveness to grow in one space is relevant for an effective crop mixing 
system (crops sowing time, density and arrangement). The present investigation focus was 
carried out with the objectives to find out the suitable pea cultivar for mixed cropping with 
oat, their suitable combination of mixed cropping in organic farming system. 

METHODS 

Experimental sites. The study was carried out at the Lithuanian Research Centre for 
Agriculture and Forestry, situated at the Central Lithuania’s lowland region in three 
subsequent years 2020-2021, Akademija site (55º24′ N, 23º51′ E). The soil of the 
experimental site is Endocalcari–Endohypogleyic Cambisol (CMg-n-w-can), with a loam 
texture (19.3% clay, 28.9 % silt, 51.8 sand %). The topsoil (0–25 cm) pH was 7.5, and had 
available P2O5 74-79 mg kg-1 soil, and humus contents 2.3 %, and potassium content was 
135-140 mg kg-1 soil. Total long year rainfall and average temperature were 570.1 mm and 
6.5 °C, respectively. 
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Experimental design. The mixtures design was based on the proportional replacement 
principle, with mixed pea and oat grain at relative frequencies (50:50, 60:40, 70:30). Oat 
seed rate was 6.0 and pea 1.0 mln. seeds ha-1 for sole crop, as preceding crop of spring wheat 
– 5.5 mln. seeds ha-1. For the experiment two varieties of semi-leafless field pea (cv. Jura 
DS and  cv. Egle DS) and one oat (cv. Viva DS) were used. 

RESULTS 

The number of peas was the highest 96 units m2 when a new variety Egle DS grown as sole 
crop, while the standard Jura DS was 91 units m2, we can see it in (figure 1). 

     
 

  
   

Fig.1 The number of pea depending on the 
pea sowing rate and different varieties, 

unit m2 

Fig.2 Spring wheat grain yield depending 
on pre-crops sowing rate and different pea 

varieties kg ha-1 

The number of pea was higher in mixtures with plant ratio 70% pea and 30% oat when the 
new variety Egle DS was involved, even 77 units m2, while the same ratio with the standard 
variety Jura DS produced significantly less 46 units m2. Increased competitive properties of 
field pea with oat were observed in new field pea variety and oat mixtures (pea ratio 70% 
and oat 30%).  Oats dominated in all tested mixtures, however, spring wheat grown after 
peas yielded a higher result. The yield of spring wheat grown after oats were determined 
without significant difference, but lower by 170 kg ha-1 (figure 2) compared to wheat grown 
after variety pea Jura DS. Spring wheat yield after pre-crop of new variety Egle DS was 
obtained without significant differences compered to control variety pea Jura DS.  Generally, 
new pea variety Egle DS more positively influenced spring wheat yield when grown as pre-
crop in mixtures with oat compared to monocrop.  

CONCLUSIONS 

The cultivation of intercropping can lead to grain yields when mixed proportions are 
maintained while maintaining optimal density. The new pea variety, its combinations with 
oats resulted in the greatest advantage of the mixed harvest, which was mainly influenced 
by the fixed nitrogen of the peas in the oat grains, the accumulation of higher concentrations 
of crude protein compared to the monoculture. Studies can optimize the relationship between 
pea varieties and their mixtures to the effects of cereals to further improve the yield of 
organic mixed crop systems. 

Keywords: mixture, grain legume, yield, organic system. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

The functioning of forest ecosystems ensures specific conditions for forest-depending 
species [1, 2]. Clear-cutting is widely used as a mature stand management regime that causes 
large changes in the forest ecosystem. Usually, this management system is applied in the 
light-demanding tree species stands such as Scots pine (Pinus sylvestris L.) and is followed 
by artificial regeneration. Currently, clear-cutting is applied in more than 45% of final felling 
sites in the mature Scots pine stands in Lithuania [3]. Scots pine is a long-living species (age 
of its natural maturity is >170 years), therefore, its stands create specific conditions for 
forest-related species.  The changes of the light, humidity, and temperature regime after 
clear-cutting lead to the alteration of site-specific species (mosses, herbaceous and woody 
plants) richness, composition, and cover, also chemical soil changes [1,4]. Usually, these 
differences disappear when site-specific species and soil chemistry reaches the pre-harvest 
level [1; 4; 5]. This study aimed to assess the changes in the main indices of ground 
vegetation after clear-cutting and the recovered forest. 

METHODS 

The study was carried out in the clear-cut and recovered 10 and 30-years old sites, also in 
the mature 101-years old Scots pine stands. The study was performed in Trakai region, in 
south-western Lithuania. The ground vegetation species were assessed in three different 
vertical strata: moss, herb, and shrub layer. A comprehensive description of the methods has 
been given earlier [6]. Five sample plots of 10 × 10 m were established systematically in 
each site. The assessment was performed in five 1 × 1 m quadrates, a totally 25 m2 per site. 
To assess the cover (percent) of each species visually, a special frame was used. The mean 
value of each species cover was calculated per site and the Shannon diversity index (H′) was 
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calculated by the eq. 1.  There, ni is the coverage of the ith species; N is the total coverage 
of vegetation in the site. 
 𝐻 = −∑

𝑛𝑖

𝑁
∗ 𝑙𝑛

𝑛𝑖

𝑁
. (6) 

RESULTS 

The study showed that the mosses were dominant in the understory plant cover, but its 
species composition depended on stand age. In the fresh clear-cut, four species of the mosses 
similar to the mature stand were detected: Pleurozium schreberi (Brid.) Mitt. Hylocium 

splendens (Hedw.) Schimp. And Ptilium crista-castrensis (Hedw.) De Not. Meanwhile, the 
mean cover of the mosses differed. These species covered 88% in the mature stand and this 
coverage was 1.6 times higher than in the fresh clear-cut. The biggest number of the mosses 
(7 species) was detected in the 10-years old Scots pine stand. There, Pohlia nutans (Hedw.) 
Lindb was dominating species, then followed by Pleurozium schreberi and Dicranum 

polysetum Sw.  

The biggest number (22 species) of vascular plants was found in the clear-cut, the similar 
number (19 species) in the 10- and 30-years old stands, the smallest number (6 species) was 
found in the mature forest (Table 1). The specific microclimatic conditions in the clear-cut 
caused a bigger number of the species more commonly found in the open habitats and this 
difference from the mature forest was 18 species. The new species was scarcely distributed 
and observed randomly in the clear-cut, therefore the highest mean species richness was 
found in the 10- and 30-years stand, 17 and 14 species, respectively.  

The highest Shannon species diversity index was obtained in the clear-cut, especially for 
vascular plants. The stands of Pinetum vaccinio-myrtillosum forest type mostly were covered 
by Vaccinium myrtillus (L.) and V. vitis-idaea (L.). The species Pteridium aquilinum (L.) 
Kuhn, as one of the dominant species, was obtained only in the clear-cut sites.  

Table 1. Mean cover (percent), total and mean species richness (number of species) and 
Shannon species diversity index (H′) at different sites.  

Site type Vegetation type Mean cover  
(percent) 

Number of species Shannon 
species 

diversity 
index 
(H′) 

Total  
species 

 richness 

Mean 
species 

richness 

Clear-cut Vascular plants 14.8 ± 0.2 22.0 11.0±1.2 1.8±0.2 
Mosses 56.7 ± 4.6 4.0 0.86±0.1 

10 years old stand Vascular plants 39.9 ± 0.7 19.0 17.0±1.9 1.3±0.2 
Mosses 25.1 ± 1.6 7.0 1.3±0.2 

30 years old stand Vascular plants 25.4 ± 0.4 19.0 14.0±1.0 1.3±0.1 
Mosses 93.2 ± 6.6 5.0 1.1±0.1 

Mature stand Vascular plants 16.6± 0.3 6.0 7.0±0.8 0.7±0.1 
Mosses 88.7 ± 6.7 4.0 0.9±0.0 

 

 



483 
 

CONCLUSIONS 

The study showed that the mosses were dominated species in the Pinetum vaccinio-

myrtillosum forest type. The vascular plants composed the smaller part in the ground 
vegetation cover compared to the mosses with the exception of the 10-years old stand. The 
largest mean cover of vascular plants was obtained in the 10-and 30-years old stands, and it 
was about 40 and 25 percent, respectively. The lowest mean species richness was obtained in 
the mature forest, therefore, the total species richness decreased with the stand age.  

Keywords: Pinus sylvestris, species cover, richness, Shannon species diversity index, 
mature stand. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

One way to increase crop productivity and sustainability of agricultural practices is to reduce 
the need and dependency on chemical fertilizers by using efficient, nutrient mobilizing 
endophytes with crucial roles in plant growth promotion and resistance to pathogen [1]. Most 
endophytes play crucial roles in plant growth promotion and resistance through their abilities 
to participate in important processes such as nutrient mobilization, phytohormones 
production, and pathogen suppression. The genus Artemisia L. is one of the largest genera 
in the Asteraceae family, consisting of more than 500 species that have been used in various 
treatments since ancient times as folk remedies [2]. Artemisia sp. are known for their 
antimicrobial, insecticidal, parasitical, and phytotoxic properties, which recommend them as 
possible biological control agents against plant pests and diseases [3]. Artemisia absinthium 
is a strongly aromatic plant that bears numerous oils producing glands on leaves, stems and 
flowering branches which is used in ethno pharmacology and plant protection [4]. After six 
years of experimentation Artemisia dubia has been selected as one of the most promising 
energy crops at the Lithuanian Research Centre for Agriculture and Forestry [5]. Study the 
production of secondary metabolites in Artemisia dubia showed high production of 
biologically important phytochemicals and enhanced pharmacological and insect side 
activities [6]. Recently A. dubia and A. absinthium were used as a natural source of bioactive 
compounds on some plant pests and human pathogens but the role of endophytic bacteria 
witch associated with A. dubia and A. absinthium as source of antifungal and antibacterial 
activity needs to study, so in this study population structure and diversity of endophytic 
bacteria of A. dubia and A. absinthium and their activity on inducing plant resistance to plant 
diseases and plant growth parameters will be investigated. The present study aims to explore 
bacterial endophytes of ethno medicinal plant A. dubia and A. absinthium importance as a 
plant growth promotor and induce resistance against plant diseases. 

METHODS 

The culturable bacterial endophytic diversity of A. dubia plants (collected from field 
experiment established in Akademija Kėdainiai district) and A. absinthium (collected from 
different districts of Lithuania) will be screened for producing antagonistic compounds 
following cross-streak and agar well diffusion assay methods against several test fungal 
pathogen. Population structure and diversity of endophytic bacteria with antagonistic activity 
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will be analysed with Phylogenetic analysis, morphological, biochemical characterization, 
and molecular identification by 16S rRNA sequencing. In vitro evaluation of other beneficial 
traits of endophytic bacteria will be done by screening for Plant Beneficial Traits (Indole-3-
acetic acid (IAA) production, Phosphate solubilization activity, Nitrogen Fixation Activity 
and Production of Siderophores). Colonization ability of selected bacterial isolates will be 
studied on pea plant. In vivo screening of selected endophytic bacteria for antagonistic 
activity against plant pathogens will be done on PDA using the disc diffusion method 
according to [7]. Greenhouse assays will be done to screening of selected endophytic 
bacteria for stimulation plant growth and confer resistance to plant diseases by evaluating 
diseases severity. For statistical analysis, data will be submitted to one-way variance analysis 
(ANOVA) by using SPSS software. 

 RESULTS 

Although endophytes have emerged in recent years as the novel resources for secondary 
metabolites of antioxidant, antimicrobial and anticancer activities, the roles of endophytes 
in plant growth and metabolism have not been fully understood. Literature review clearly 
demonstrates that A. absinthium and A. dubia are potential source for the isolation of 
endophytic bacteria exhibiting pea fungal diseases suppressive and plant growth promoting 
effect on pea. We expect that this study will present the current development of research into 
A. dubia and A. absinthium focuses on the regulatory roles of endophytes. We will report the 
diversity of cultivable endophytic bacteria from A. absinthium and A. dubia plants and 
showing antagonistic activity against plant pathogens by using 16S rRNA gene analysis and 
their plant beneficial properties. The promoted growth effect of isolated endophytic bacteria 
will be studied on pea plant through the enhanced ability to produce the Indole-3-acetic acid 
(IAA) production, Phosphate solubilization activity, Nitrogen Fixation Activity and 
Production of Siderophores. The antifungal potential of selected endophytic bacteria will be 
evaluated and measured in vitro condition. The colonization ability of endophytic bacteria 
isolated from Artemisia plant will be survived on pea plant and successfully colonizing the 
peas will be screened for their ability to protect pea from fungal pathogen and enhance plant 
growth in greenhouse condition. Understanding the endophyte-Artemisia plant has the 
potential to improve agricultural practices for plant growth and plant protection. The aim of 
our research is to show on the importance role of endophytes in medicinal plant as a plant 
resistance inducer against plant diseases and plant growth promotor. 

CONCLUSIONS 

Characterization and identification of microbial endophytes isolated from medicinal plants 
possessing a vital role to plant protection, improve plant growth and could be used as 
inoculants to establish a sustainable crop production system. 

Keywords: Artemisia absinthium, Artemisia dubia, endophytic bacteria, 16S rRNA 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Biological nitrogen fixation (BNF) process where atmospheric nitrogen is converted to 
ammonia by microorganisms has a significant role in the global nitrogen cycle and 
agriculture. It was estimated that the BNF, carried out by prokaryotes, provides Earth’s 
ecosystems with about 200 million tons N per year [1, 2]. Between 150 and 200 million 
tonnes of mineral nitrogen are required each year by plants in agricultural systems in 
additional. To meet those requirements, around 100 million tons of nitrogen is produced 
through the industrial Haber-Bosch process every year [3, 4]. However, irrational 
fertilization causes many environmental problems, high rates of nitrogen fertilizers change 
soil pH, encourage nitrates and nitrites accumulation in the soil and plants, leached nitrogen 
compounds cause water eutrophication and drinking water contamination, gaseous losses of 
nitrogen contribute to global warming [5, 3]. 

In 2020 May two different EU strategies “Bringing nature back into our lives” and “The 
Farm to Fork” were published, where political objectives were indicated. Both these 
strategies are directed to reduction of pesticides and fertilisers in European agriculture. First 
aim is to reduce the overall use of synthetic chemical pesticides by 50% and the use of more 
hazardous pesticides by 50% by 2030. The second is a commitment to reduce nutrient losses 
by at least 50% while ensuring that there is no deterioration in soil fertility, this commitment 
will reduce the use of fertilisers by at least 20% by 2030 [6]. These decisions should 
encourage the use of alternative products in agriculture which are safe for plants and humans. 
One of alternative is microbial biostimulants, containing diastrophic microorganisms able to 
fix biological nitrogen from atmosphere. BNF can be improved by optimizing the symbiosis 
between the rhizobia inoculants and legume plants, leading reduced nitrogen fertilizer [7]. It 
was determined that BNF could provide over 80% of the nitrogen content in pea crops. In 
symbiotic associations between plant and rhizobia, 50–465 kg N ha−1 y−1 biological nitrogen 
could be fixed [8, 9].  

According to statistical data presented in FAOSTAT, pea is a minor field crop in Lithuania. 
In 2020 only 61.7 thousand hectares were cultivated [10]. However, inclusion of legume 
plants in rotations can provide a wide range of benefits, improve soil structure, break of pest 
cycles, and make grass species weed control easier, improve soil microbial biomass growth, 
increase nitrogen accumulation in soil, reduce nitrogen requirements for nonlegume plants 
and give much more advantages. Cultivation of legume plants could help to reduce losses of 
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consistently rising prices of mineral fertilizers and help to implement green revolution 
strategies [11, 12, and 13]. Thus, the cultivation of legumes and the optimization of 
biological nitrogen fixation can lead not only productivity of pea cultivation, but to provide 
other added value which is significant for agriculture [14].  

The BNF fixation depends on many environmental factors: soil acidity, alkalinity, 
temperature, salinity, mineral nutrients, high nitrogen and phosphorus levels and soil type. 
Rhizobia ability to adapt to these environmental factors and to compete with other soil 
microorganisms helps to establish an effective symbiosis [15, 16]. To ensure efficient 
symbiosis, it is important to select appropriate bacterial strains and understand biological 
nitrogen fixation and symbiosis limiting conditions. In this research we are going to 
investigate different Rhizobium spp. strains competitiveness and symbiosis efficiency with 
different Pisum sativum genotypes.  

METHODS 

This investigation will be carried out in vegetative pots. Rhizobium spp. strains will be 
isolated from three different soil types by growing five different Pisum sativum breeding 
lines [17, 18]. Then all isolates will be tested for Koch's postulates confirmation, only these 
isolates which will confirm all Koch's postulates will be selected for identification by 16S 
rRNA sequencing [19], recA, atpD, and nodC genes sequences will be analysed also [8]. In 
further investigations selected Rhizobium spp. isolates will be tested in sterile and non-sterile 
(natural-imitating) conditions in vegetative pots experiments with selected Pisum sativum 
genotypes [8, 20]. Pea biometric parameters and nitrogen accumulation in plant will be 
analysed. In the last stages of experiment, Rhizobium spp. strains will be tagged fluorescently 
and will be determined which strains were the most competitive and provided the highest 
amount of nitrogen for the plant [21, 22, and 23]. 

RESULTS 

In this investigation: 

 Different Rhizobium spp. strains will be isolated, tested for Koch's postulates 
confirmation and analysed by 16S rRNA, recA, atpD, and nodC gene sequencing;  

 Phylogenetic trees will be constructed for better isolates phylogenetic diversity 
analysis; 

 Competitive Rhizobium spp. strains will be determined in symbiosis studies with 
Pisum sativum genotypes; 

 Relationships between competitive Rhizobium spp. strains, pea biometric parameters 
and nitrogen accumulation will be evaluated. 

CONCLUSIONS 

Nitrogen is one of the most important elements for plants nutrition, so biological nitrogen 
fixation provides benefits not only for legume plants but and plants which are cultivating in 
rotations. Higher nitrogen accumulation in plant and in soil could be achieved using 
Rhizobium spp. inoculants for Pisum sativum cultivation. To improve biological nitrogen 
fixation, it is important to select appropriate bacterial strains, which are competitive, 
efficient, and easy adaptable to environmental conditions. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Hydroponics is soilless crop growing method which uses nutrient solution instead of mineral 
soil and its popularity has grown over the years due to effective water, nutrients usage for leafy 
greens cultivation [1].  Nutrient solution (Hoagland’s solution) contains all essential micro and 
macro elements in their respective concentrations [2]. Hoagland’s solution used in hydroponics 
has limited but not quantified buffering capacity [3]. For pH mitigation nutrient solution must 
contain reasonable amount of protolytic base and acid pair [4]. There are 2 major salts in typical 
Hoagland’s solution which can act as buffering agents in hydroponic solution: NH4NO3 and 
KH2P04. Unfortunately, ammonia useful buffering range is above nutrient solution pH interval 
used in hydroponics, therefore, NH4+/NH3 buffer will not mitigate pH changes [5]. Mostly 
nutrient solution buffer capacity comes from second step of phosphate dissociation reaction (1) 
 𝐻2𝑃𝑂4

−(𝑎𝑞) ⇌ 𝐻𝑃𝑂4
2− + 𝐻+(𝑎𝑞)      𝑝𝐾𝑎26.86 − 7.2 (1) 

Maximum buffer capacity is reached then desired pH value is equal to buffering agent 
dissociation constant and buffer effective range is pKa ± 1[4]. Usually, optimal pH level for 
hydroponic growth ranges from 5.5 to 6.5 [6] therefore, due to unequal absorption of ions from 
the nutrient solution during growth phases pH fluctuations accrues [7]. Ion absorption from the 
nutrient solution changes charge balance between the root inner membrane and the nutrient 
solution.  As cation is absorbed from the nutrient solution H+ ions are released through the root 
cells to compensate charge difference; opposite reaction occurs then anion is absorbed – OH- 
ion are released for charge compensation [6]. Fluctuations outside optimal pH interval 
decreases efficiency of mineral nutrition, restricting plant performance, also irreversible 
changes may occur regarding plant physiology when rhizosphere is in contact with nonoptimal 
pH levels  [8]. Plants grown in nonoptimal pH interval have lower yield: basil (Ocimum 

basilicum) and kale (Brassica olearacea), cultivated in hydroponic solution with slightly acidic 
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pH had higher chlorophyll content and yields compared with leafy greens grown in slight 
alkaline pH [9]. Root induced changes in the rhizosphere may also affect plant mineral nutrition 
in various ways [10]. Ion unavailability due to salt precipitation occurs when pH levels is not 
in optimal range. For instance, at alkali pH iron, calcium, magnesium forms precipitate and 
becomes unavailable [11]. Hence, hydroponics growth potential can be maximized if hydrogen 
ion concentration is maintained at optimal interval but practically pH management should not 
require excessive technological solution and ideally done passively. 

 Our objective was to empirically determinate nutrient solution buffer capacity using acid/ base 
titration and according to calculated buffering capacity suggest passive pH management 
strategy for hydroponic growth.  

METHODS  

Two stage acid (HCl) and base (NaOH) titration were performed by increasing titrant 
concentration from 0mM to 2mM in 10 stages, pH was measured at equilibrium point with 
bench pH/EC meter (HI-5521-02, Hanna, USA) each stage ware replicated 3 times.  

RESULTS 

Acid/ base titration curve (graphical representation of pH of the solution during titration) of 
modified Hoagland’s solution is shown in Figure 1. 

 

Fig. 15. Titration curve of modified Hoagland’s solution, n=3. Titrants: HCl 
– 0.5 N (normality), NaOH – 0.5 N. Acidic buffer capacity defined as 

intersection of these straight lines: y=2.0713x + 7.2532 with 
y=12.871+5.2789. Base buffer capacity defined as intersection of these 

straight lines: y=0.4988x + 3.429 with y=12.871+5.2789. Combined buffer 
capacity is the sum of acid and base capacities. 

Calculated buffering capacities of modified Hoagland’s solution: acid – 0.18 mM, base – 
0.15 mM, combined – 0.33 mM. Nutrient solution buffering capacity is broken by ions (H+/OH-

) released true the root cells due to selective unequal mineral absorption from the nutrient 
solution. pH changes of nutrient solution can be passively regulated using buffers or ion 
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exchange resins. pH management is based on ion exchange on a solid surface. Main 
disadvantage is the removal of cations from nutrient solutions such as magnesium or manganese 
[12]. Zwitterionic MES (2-(N-morpholino)ethanesulfonic acid) buffer was selected as  
reasonable candidate for passive pH management in hydroponics due to favourable pKa value 
of 6.1 and biological inertness [12]. Theoretically, nutrient solution buffer capacity can be 
enhanced endlessly. Practically, buffer strength is limited by plant physiology. Plants cannot 
thrive in buffered nutrient solution with high salinity, ionic strength, or buffer itself can be toxic 
[13].  

CONCLUSIONS 

According to calculated combined buffer capacity of modified Hoagland’s solution an addition 
of 3mM MES buffer to the nutrient solution resulted to in increased initial buffer capacity 9-
fold. 

Keywords: Hydroponics, pH, buffer, buffering capacity, titration curve. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Scots pine (Pinus sylvestris L.) occupies more than 33% of forested area in Lithuania [1]. The 
species has huge benefits in ecological and social suspects, such as maintenance of sustainable 
forest ecosystem functioning and ability to increase human health [2]. Unfortunately, pests are 
the main enemies that strongly affect nature range, growth, and timber quality of Scots pine [3; 
4]. Forest trees, for protection against pathogens, accumulate secondary metabolites and 
antioxidant activity in different tissues [5]. In addition, tree genetic selection is purposeful and 
important factor in maintaining and enhancing forest biodiversity, since different tree genotypes 
can synthesize different levels of secondary metabolites [6-8]. One of the tools to increase 
content of total flavonoids (TFC) and antioxidant activity is by using physical stressors: cold 
plasma (CP) and electromagnetic field (EMF). These innovative technologies can help to 
achieve better plants growth, since they can increase resistance to various attacks of pathogens. 
According to other authors, pre-sowing seeds treatment with CP and EMF is eco-friendly, safe, 
and they do not cause genetic mutations [9-12].  

The aim of the research was to evaluate pre-sowing seeds treatment with CP and EMF influence 
TFC and antioxidant activity in needles of Scots pine half-sib families. Seeds of 11 different 
half-sib P. Sylvestris families were affected with CP 1 min., CP 2 min. and EMF 1 min. The 
hypothesis of the research was that TFC and antioxidant activity in P. Sylvestris needles 
strongly depend on half-sib families and on applied biotechnology methods: pre-sowing seeds 
treatment with CP and EMF. As a result, according to different half-sib tree’s response to 
physical stressors, we could submit recommendation guides for forestry industries that could 
help to reduce pest’s damage for forests in the future. 

METHODS 

P. Sylvestris seeds were collected from second generation pine seeds orchard in Dubrava 
regional in Lithuania. The seeds were treated with three different types of stressors: 1) cold 
plasma 1 minute (CP1); 2) cold plasma 2 minutes (CP2); 3) electromagnetic field 1 minute 
(EMF1).  

Seeds treatment with CP and EMF. CP: Seeds were treated using a controlled DBD device 
that had produced in Kyushu University, Japan [13]. The treatment times were 1 and 2 min. at 
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a distance of 5 mm between the seeds surface and the electrode plate. EMF: Seeds were placed 
in plastic bags at the centre of the induction coil and exposed to the electromagnetic field 1 min. 
Experimental conditions: induction coil inside diameter 2.5 cm, outside diameter 3 cm. 

After treatment (5 days) the seeds were sown in cassettes filled with peat substrate cultivated 
in blocked randomized cassettes at Laboratory of plantation forestry greenhouse (Girionys, 
Kaunas) (Fig. 1).  

Fig. 1. P. Sylvestris seeds in cassettes (A) and the seedlings after 14 days 
since sowing (B) at Laboratory of plantation forestry greenhouse (Girionys, 

Kaunas) 

Samples of P. Sylvestris needles were collected after first its vegetation period in autumn. Total 
flavonoid content (TFC) and antioxidant activity: TFC and antioxidant activity were 
determined using spectrophotometric method. TFC in needles extracts was determined 
according to method described in Dróżdż and Pyrzynska (2019) [14]. Antioxidant activity 
(ABTS assays) was determined according to Lučinskaitė et al. (2021) [15]. Absorbance 
(470 nm TFC and 734 nm ABTS) was measured with Synergy HT Multi-Mode Microplate 
reader. 

RESULTS 

The study showed that the highest concentration of non-affected P. sylvestris seeds of TFC was 
determined in the seedlings of No. 4 (8.92±0.09) and 10J (8.00±0.10) half-sib families 
(Table 1.). In addition, it was established that all applied physical stressors had a positive 
impact on the TFC in the seedlings of No. 12, 10, and 12J half-sib families. All the applied 
stressors had the highest positive impact on the TFC in No. 10 Scots pine half-sib family. CP1 
increased the TFC in the seedlings of No. 10 family by 3.03 mg g-1, CP2 – 1.38 mg g-1, EMF1 
– 0.85 mg g-1, compared to control. Both CP2 and EMF1 stressors had the positive impact on 
the TFC in No. 12, 10, 12J. CP1 increased the TFC in the seedlings of No. 5J, 12, 10, 12J, 17J, 
but decreased in No. 9 and 7J half-sib families.  

 

 

 

A B 
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Table 1. TFC in Scots pine half-sib families after first vegetation season.  

Scots pine half-sib 

families 

 Treatment 

Control (±SE) CP1 (±SE) CP2 (±SE) EMF1 (±SE) 

Total flavonoid concentration, mg g-1 

5J 6.11±0.02 6.70±0.03*** 6.93±0.10*** 6.04±0.23 

12 6.75±0.08 8.11±0.08*** 7.64±0.04*** 8.51±0.11*** 

9 7.64±0.15 6.74±0.14** 7.21±0.18 6.47±0.10*** 

10 6.98±0.14 10.01±0.02*** 8.36±0.40** 7.83±0.07** 

4 8.92±0.09 8.57±0.20 7.56±0.08*** 9.15±0.25 

10J 8.00±0.10 8.35±0.01 7.48±0.19* 6.78±0.20*** 

2J 7.32±0.10 7.42±0.08 6.30±0.09*** 6.77±0.10** 

12J 5.33±0.15 6.05±0.06*** 5.78±0.12* 5.75±0.11* 

17J 7.60±0.17 8.62±0.48* 7.58±0.02 7.24±0.44  

1 6.67±0.16 6.63±0.03 6.81±0.18 8.52±0.76* 

7J 7.04±0.09 6.09±0.07*** 6.01±0.06*** 5.85±0.12*** 
Significant differences between affected and control seeds are shown with * (*p<0.05; **p<0.005; 
***p<0.001) 

Our results revealed that the highest antioxidative capacity (used by ABTS test) between control 
seedlings was determined in the seedlings of No. 4 (888.77±39.3 µmol/g) family (Table 2.). 
Statistically significant increase of antioxidant activity was determined in effect of both CP1 
and CP2. The results showed that ABTS in the seedlings of No. 12 family after CP1 increased 
by 110.98 µmol g-1, after CP2 by 103.17 µmol g-1, compared to control.  

Table 2.  Antioxidant activity in Scots pine half-sib families after first vegetation season.  

Scots pine half-

sib families 

 Treatment 

Control 

(±SE) 
CP1 (±SE) CP2 (±SE) EMF1 (±SE) 

ABTS radical scavenging activity, µmol g-1 

5J 477.30±21.4 498.24±12.2 544.91±30.1 513.42±20.0 

12 565.37±21.1 676.35±24.1** 668.54±29.2* 607.41±47.5 

9 569.23±16.1 696.35±75.8 781.39±91.2* 577.24±34.7 

10 746.87±53.9 684.09±28.8 620.38±80.8 570.89±26.7* 

4 888.77±39.3 905.03±48.2 734.17±30.6* 821.77±73.5 

10J 731.09±24.4 679.27±38.8 758.08±48.0 705.91±25.6 

2J 575.58±11.7 538.47±19.4 444.38±25.9*** 413.38±25.3*** 
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12J 359.53±16.4 407.81±27.1 443.51±15.5** 403.43±25.5 

17J 419.06±21.9 488.43±22.5* 377.36±14.3 461.89±22.0 

1 584.12±20.0 597.86±16.6 532.18±13.7* 421.01±16.0*** 

7J 585.01±37.9 452.85±11.6* 442.31±33.2* 446.19±22.9* 
Significant differences between affected and control seeds are shown with * (*p<0.05; **p<0.005; 
***p<0.001) 

CONCLUSIONS 

This study showed that different Scots pine half-sib families accumulate different amount of 
biological activity compounds and antioxidant activity. Furthermore, results showed that seeds 
treatment with cold plasma and electromagnetic field had a positive influence on Scots pine 
resistance mechanisms against pathogens, since the increase of concentration on compounds 
(total flavonoids content and antioxidant activity) can be indicate the tree’s resistance for pests. 

Keywords: half-sib families, pathogens, physical stressors, P. Sylvestris, flavonoids, 
antioxidant activity 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Maize silage is the basic feed used in beef and dairy production [1]. As a result, cattle breeders 
are interested in the consequences of ensiling plants infected by smut. Maize smut (Ustilago 

maydis) is a fungal disease that occurs in Lithuania and other countries at varying intensities 
that depends on the weather and agro-technical conditions, the occurrence of other fungal 
diseases and pests [2, 3]. There are reports that smut can produce toxic substances that reduce 
value of the silage [4]. The aim of this experiment was to assess the chemical composition and 
aerobic stability of silage, made from smut-free and smut-infected maize.  

METHODS 

General 

Individual whole corn plants grown in Lithuanian Research Centre for Agriculture and Forestry 
research fields were harvested by hand. All plants were Duxxbury hybrids in kernel dough stage 
(BBCH 85). Approximately 44% of maize were infected with corn smut in the field. Stalks 
were cut at around 15 cm above the soil surface. The whole corn plants were divided into two 
groups: maize, where the ear was visibly and severely infected with Ustilago maydis and maize, 
where the ear was not visibly infected (Picture 1). It was chopped to an average length of 2 cm 
in a forage chopper. The plants were divided into two treatments: 0% infected and 100% 
infected. After thorough mixing, the fresh forage (FF) was ensiled in triplicate at approximately 
1 kg (fresh weight) in polyethylene bags (28 cm x 40 cm, thickness of 100 and 130 μm, Status 
Innovations Co., Metlika, Slovenia) and sealed using a vacuum packing machine. After bags 
were filled with fresh matter, a temperature sensor (Tempmate. ®-S1 Single-Use USB Data 
Logger, Heilbronn, Germany) was inserted in the middle of each bag. Packed silages were kept 
in ambient temperature (20 - 22 °C) for 90 days before initial opening. 

To start the inflow of oxygen, the bags were opened. The experiment has been conducted with 
the bags in a horizontal position. Samples were taken on the day of opening and on the 3rd, 7th, 
14th and 28th day of aerobic exposure. The sensors were left in the bags during the whole 
aerobic stage. 
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Fig. 1. A – smut-free corn cob, B – smut-infected corn cob. 

Chemical analysis 

Dry matter (DM) content was determined by drying samples at 105 °C for 48 h in a forced-air 
oven until the weight of the samples was stable. Near infrared spectroscopy calibration 
equations (ADAS, UK) were used for the prediction of crude protein (CP), starch, neutral 
detergent fibre (NDF), acid detergent fibre (ADF), fermentation index (FI), metabolic energy 
(ME), net energy of lactation (NEI), crude fibre (CF), crude fat data, using a NIRS-6500 device 
with a sample spinning module (Foss-Perstorp, USA), selecting wavelengths between 400 and 
2500 nm in reflectance spectra. For NIRS determination, the samples were oven-dried at 65 ± 
5 °C temperature to a constant weight and grounded in an ultra-centrifugal mill ZM 200 (Retsch, 
Germany) to pass a 1 mm screen. Then dried samples were scanned in three replications using 
cuvettes, and the acquired spectra were processed with equations used in the device (ADAS, 
UK). Crude ash (CA) content was determined as the mass left after sample incineration at 550 
(±10) °C. pH was measured in water extract, by a potentiometric method, using a pH meter 
(Horiba, UK). Samples that showed inconsistency underwent repeated chemical analysis. 

Statistical analysis 

Statistical analysis was conducted using packages from the software IBM SPSS Statistics 25 
(IBM, USA). Significant differences between the samples were calculated using t-Test: Paired 
Two Sample for Means. Values with P ≤ 0.05 were considered statistically significant. 
Correlation analysis was performed to examine the quantitative relationship between the 
investigated variables. The significance level was calculated with a regression analysis tool in 
Excel, data were significant when P ≤ 0.05.  

RESULTS 

As shown in the Table 1, smut-free maize characterized with a higher amount of dry matter 
(329.1 g kg-1), CP (71.3 g kg-1), ADF (255.8 g kg-1), NDF (518.1 g kg-1) and starch (237.2 g kg-



502 
 

1), than smut-infected maize. However, smut-infected forage had higher amounts of crude fibre 
(243.0 g kg-1) and crude ash (48.5 g kg-1). 

Table 1. Chemical composition of whole corn plants before ensiling. 

Item Smut-free forage Smut-infected forage 

Dry matter, g kg-1 329.1 308.6 
g kg -1 DM 

 
  

 crude protein 71.3 70.5 
 crude fibre 216.6 243.0 
 ADF 255.8 246.1 
 NDF 518.1 484.6 
 Starch 237.2 201.3 
  crude ash 40.8 48.5 

Most significant differences between smut-free and smut-infected whole plant corn silages were 
found in pH and NDF, as it was higher in smut-infected than in smut-free corn silage during 
the whole period of aerobic exposure; CF with 30.7 g kg-1 and 27.6 g kg-1 was also higher on 
the day of the opening and on the 3rd day after it; starch and metabolic energy as it was lower 
in smut-infected corn silage than smut-free, within the streak of aerobic exposure. Smut-
infected maize silage had a significant DM loss during the whole period. 

Table 2. Chemical composition of whole corn plant silage after the opening. 

Item Smut-free maize silage Smut-infected maize silage 

Days after the opening 0 3 7 0 3 7 
Dry matter, g kg-1 301.2 335.1 351.0 324.8* 323.0 306.0** 
pH  4.1 4.0 4.1 4.3** 4.3** 4.3** 
metabolic energy, MJ/kg DM 10.9 10.7 10.7 10.7 10.47* 10.4* 
net energy of lactation, MJ/kg 
DM 6.6 6.5 6.5 6.5 6.3* 6.2** 

g kg -1 DM       

 crude protein 93.8 93.7 88.8 85.3* 94.8 91.4 
 crude ash 54.1 54.4 55.6 54.1 53.0 53.5 
 NDF 385.8 405.4 405.8 378** 411.6*** 448.4*** 
 ADF 210.1 213.8 217.0 201.9 220.3 221.8 
 crude fibre 188.0 194.0 200.3 200.1 208.0 217.6* 
 starch 237.3 229.0 223.0 162.0** 156.0*** 140.0*** 

  crude fat 24.9 24.4 23.3 30.7*** 27.6** 22.3** 
NOTE. * - asterisks show if smut-infected corn silage chemical composition indicators differed significantly from 
smut-free corn silage on the day of initial opening, on the 3rd and on the 7th day after it. 

CONCLUSIONS 

In conclusion, silage obtained from maize plants not infected with smut (Ustilago maydis) 
showed a lower pH and also had higher amounts of metabolic energy, net energy of lactation 
and starch within the period of aerobic exposure. Smut-infected maize silage distinguished with 
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higher amounts of neutral-detergent fibre and crude fibre. Silage made from maize infected 
with smut does not necessarily differ significantly from that made from smut-free plant 
material, but it might have a lower aerobic stability, as it showed a loss in dry matter and higher 
pH. The inclusion of silage additives before ensiling can in part prevent deterioration of silage 
quality while using smut-infected plants.  

Keywords: corn, maize, smut, silage quality. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW  

Organic fertilisers require less resource imports than mineral nitrogen to support soil 
productivity. Digestate is an alternative source of nutrients that is used in sustainable agriculture 
as a biological fertiliser and soil improver. Recycling the digestate back to soil valuable 
nutrients such as nitrogen, potassium, phosphorus and organic carbon for plants is the circular 
economy concept case [1]. However, it should be noted that in the digestate there are more 
nutrients than usual NPK and, based on that, its actual economic potential increases [2]. It is 
known that chemical composition of anaerobic digestate and pig slurry influence soil processes 
as well as N emission after the field application [3, 4].  
The aim of this research was to compare the chemical composition and other characteristics of 
two liquid organic fertilisers - biogas digestate and pig slurry.  

METHODS 

The chemical composition of liquid organic fertilisers - pig slurry and anaerobic digestate - was 
researched in 2019-2021. Pig slurry was obtained from pig farm (55°42′54.8 “N 23°46′33.4″ E, 
Kauleliskiai, Radviliskis district, Lithuania). Liquid anaerobic digestate – after controlled 
biological decomposition in biogas plant (56°03′54.6 “N 23°59′13.9″ E, Veselkiai, Pakruojis 
district, Lithuania) where the main feedstock was pig slurry and industrial crop residues: 
molasse, mill waste, starch feedstock, pulp, sugar beet pulp. The samples of fertilisers (~2L) 
were sampled from the storage lagoons in every spring before the main fertilisation that to 
determine fertiliser basic characteristics. 

Analysis of liquid organic fertilisers. The pH was measured by the potentiometric method 
immediately after the homogenization of the fresh sample. Dry matter (DM) content was 
measured by drying to a constant weight at 105°C in a forced-air oven. The content of total 
nitrogen (Ntot) was determined by the Kjeldahl method using a spectrophotometric measuring 
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procedure at 655nm wavelength. Ammonium (N-NH4) and nitrate (N-NO3) nitrogen was 
analysed spectrophotometrically using HACH Lange LCK 302 and LCK 339 cuvette tests. The 
total organic carbon (Corg) content and mobile humic acids (MHA) and mobile humic 
substances (MHS) were determined after wet combustion by a spectrophotometric 
measurement at 590nm with glucose as a standard. Complete quantification procedure of 
mobile humic substances (MHS) and mobile humic acids (MHA) described at Slepetiene et al. 
[9]. Mobile fulvic acids (MFA) was calculated as difference between MHS and MHA 
concentrations. The total phosphorus (P) concentrations were quantified 
spectrophotometrically by a colour reaction with ammonium molybdate vanadate reagent at 
wavelength 430nm. The total potassium (K) content was determined by the flame atomic 
absorption. Before determination of Ntot and phosphorus the samples were wet digested with 
sulphuric acid (H2SO4), before determination of potassium - with nitric acid (HNO3) and 
hydrogen peroxide (H2O2).  

Statistical analysis (standard error - SD and data variation - V) of fertiliser characteristics 
comparing 2 liquid organic fertilisers was calculated using STAT ENG program and basic 
characteristics analysis was run. 

RESULTS 

Both liquid organic fertilisers had an alkaline pH; hence, the use of such fertilisers shouldn’t 
have acidifying effect on the soil. The results have revealed that liquid organic fertilisers DM 
quantity was lower during the dry season (see Table 1). The values Ntot varied less, especially 
in anaerobic digestate (V = 19.1%). By looking at Table 1, one can see that in the majority of 
cases Ntot concentrations were found higher in the pig slurry than in digestate. Mineralized and 
plant available N (N-NH4 + N-NO3) ranged from 62.3 to 80.6 % in pig slurry (on average 70.2) 
and from Ntot... 60.8 to 83.9 % in anaerobic digestate (on average 71.8 %). .Data have shown the 
predominance of nitrogen dissolved in water in NH4 form. Depending on environmental and 
soil conditions, when the soil is fertilised with pig slurry or digestate, N-NH4 from these 
fertilisers is converted to N-NO3. This is due to the influence of soil moisture and temperature 
[6], as it determines the activity of urease, nitrifying communities as well as nitrification rate in 
soil [7]. Therefore, slurries and digestates may pose danger to the environment due to the 
environment due to evaporation of ammonia or nitrate leaching [8].  

Table1. Characteristic of liquid organic fertilisers. 
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Note:  DM - dry matter; Ntot – total nitrogen; N-NH4 - ammonium nitrogen; N-NO3 - nitrate nitrogen; P – 
total phosphorus; K – total potassium; Corg. – total organic carbon; MHS – mobile humic substances; MHA – 
mobile humic acids; MFA – mobile fulvic acids; SE – standard error; V - coefficient of variation. 

All concentrations of elements and compounds are expressed on natural substance basis. 

Anaerobic digestates are classified as more mineralized fertilizers, thus resulting in less Corg. 
And active humus (MHS) as compared to pig slurry. Mobile humic acids (MHA), which are 
classified as active humus forms and have a low C and increased N content, formed a small part 
of   Corg. and did not differ from fertilizer types. However, a significant data of MHA variation 
was found (VPS = 61.7%, VD = 72.7%). MHA: MFA index showed that most humified 
substances parts were found in anaerobic digestate, and not in the slurry. 

Data have also revealed that narrow carbon to nitrogen (C: N) ratio determines the degradability 
of organic matter in both fertilizers as well as the availability of N for plants. 

The greatest variation in C: N data was observed in anaerobic digestate (VD = 64.9%). 
Availability of organic fertilizer N may be reduced by applying agronomic practice. The 
findings have revealed that pig slurry is richer in P and K than digestates.  

The findings have emphasized the potential of digestates not only as a source of nutrients but 
also as a plant growth stimulator (MHS, MHA) and a soil improver (pH, Corg). Since anaerobic 
digestate from biogas plants and pig slurry contain useful mineral nutrients (N, P, and K), they 
are important for crop growth and can be considered as valuable fertilizer.  

CONCLUSION 

Variations in chemical composition might have been caused by the use of animal feeding stuffs 
in pig farms and their quality. Nitrogen is one of the main factors shaping both soil fertility and 
crop productivity. Ntot and NH4 concentrations are lower in anaerobic digestate rather than in 
pig slurry. Therefore, the use of digestate fertilisers may require more labour force and higher 
energy costs as a result of a higher fertilisation rate. The forms of digestate Corg. Have shown 
a high level of humification, which may have a positive impact on soil. 

Keywords: liquid anaerobic digestate, pig slurry, nutrients 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

In the absence of sulphur, photosynthesis and protein synthesis are slowed down in plants, and 
non-protein nitrogen accumulates [1]. Of the crop grown area in Lithuania, sulphur is most 
needed by rapeseed, but it is also needed by other crops. Sulphur needs for winter wheat are 
25-40 kg ha-1 [2], but if the leaching of sulphur is estimated, it loses 20-38 kg ha-1 during the 
long growing season of winter wheat [3].  

Data from various researchers show unequal performance of sulphur fertilizers for winter 
wheat. In some experiments, both sulphur fertilizers applied to the soil in the spring or during 
additional fertilization during the growth increased the yield of winter wheat grain, as well it 
contained more protein [4; 5], better baking properties [6]. However, the opposite is also 
obtained when fertilization with sulphur did not increase wheat yield [7] or increased only in 
some years or in some areas [8]. 

The sulphur uptake of winter wheat is indicated by the total sulphur concentration in the plants, 
which must be at least 0.55% for winter wheat during the todllering stage [6]. However, the 
concentration of total sulphur is not a sufficient indicator for assessing its uptake, as it varies 
significantly during plant growth, depending on the meteorological conditions of the year, the 
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mailto:zita.braziene@lammc.lt
mailto:gediminas.staugaitis@lammc.lt


509 
 

size of the plant mass [8]. In this case, the sulphur supply of wheat is better described by the 
ratio of nitrogen to sulphur (N: S), which in the aboveground part of the plant usually varies in 
the range of 7–15 during its growth 9]. The optimal range for the N: S ratio is 14-17 [6], 7, 5 in 
wheat grains [10]. 

In 2019-2021, at LAMMC Rumokai experimental station studies were carried out to investigate 
the influence of different forms of sulphur fertilizers and their application time on the sulphur 
and nitrogen content of winter wheat plants and grains and the relationship between the content 
of these substances in the leaves during vegetation and grain yield of winter wheat ‘Janne’ crop. 

METHODS 

In autumn, before sowing, wheat was fertilised with complex fertilizer NPK 5-21-36 at the rate 
of N15P63K108. In spring, winter wheat was fertilised with nitrogen and sulphur fertilisers 
according to the research scheme: 

1. UAN N60 + UAN N60 + UAN N30 
2. LD N60S15 + UAN N60 + UAN N30 
3. UAN N60 + LD N60S15 + UAN N30 
4. LD N60S15 + LD N60S15 + UAN N30 
5. UAN+Thio-Sul N60S4,9 + UAN N60 + UAN N30 
6. UAN+Thio-Sul N60S4,9 + UAN+Thio-Sul N60S4,9 + UAN N30 

Following fertilizers were used in the study: UAN is a liquid fertilizer with 32 % nitrogen (N) 
(ammonia N (N-NH4) – 8%, nitrate N (N-NO3) – 8%, amid N (N-NH2) – 16%). LD is named 
Leader 24-6 liquid fertilizer, which consist of 24% of nitrogen (N) (ammonia N – 5%, nitrate 
N – 8%, amid N – 11%) and 6% of elemental sulphur (S). Thio-Sul is a liquid fertilizer with 
12% nitrogen in the form ammonium (N-NH4) and 26% sulphur in the form thiosulfate (S2O3-

2). The plants were fertilized in the spring after the vegetation resumed on 201-02-04, 2020-03-
26, 2021-04-08, the second time 2019-04-26, 2020-04-22, 2021-05-05, the third - 2019-05 -23, 
2020-06-03, 2021-06-09. 

During wheat vegetation, herbicides, fungicides and insecticides were applied according to the 
need. The grain yield is given in absolutely pure seed mass at 14% moisture. In them, the crude 
protein was determined by the Kjeldahl method obtained by multiplying the total nitrogen by a 
factor of 6.25. 

In order to assess the uptake of nitrogen and sulphur by plants, total nitrogen and total sulphur 
concentrations were determined in the aboveground mass at BBCH stages 30 and 59 during 
winter wheat growth. 

RESULTS 

In our study in 2019-2021. The average nitrogen content of winter wheat leaves in BBCH stage 
29 ranged from 3.39 to 3.71% (Table 1). The studied fertilization options did not affect the 
nitrogen content in the leaves. At the BBCH 59 stage, the nitrogen content in the leaves was 
significantly reduced in the fields fertilized with the Leader 24-6 fertilizer at the BBCH 30 
stage. At this stage, Leader 24-6 severely damaged the leaves of the plant. This may have 
contributed to nitrogen decrease in the leaves. 



510 
 

The sulphur content of the leaves at the stage BBCH 29 was 0.26-0.34%. When UAN-32 
fertilizer was applied with Thio-Sul, the sulphur content increased reliably. Fertilization options 
studied at BBCH stage 59 did not affect the sulphur content in winter wheat leaves. 

Table 1. Nitrogen and sulphur contents in winter wheat plants in absolutely dry matter 

Variants 

Nitrogen content, 
% 

Sulphur content, 
% 

BBCH 
29 

BBCH 
59 

BBCH 
29 

BBCH 
59 

1.UAN N60+UAN N60+UAN N30 3.66 1.67 0.27 0.11 
2.LD N60S15+UAN N60+UAN N30 3.39 1.6 0.26 0.12 
3.UAN N60+LD N60S15 UAN N30 3.51 1.47 0.26 0.11 
4.LD N60S15+LD N60S15+UAN N30 3.53 1.36 0.29 0.1 
5.UAN+Thio-Sul N60S4,9+UAN N60 
+UAN N30 3.61 1.67 0.34 0.12 

6.UAN+Thio-Sul N60S4,9 + UAN+Thio-
Sul N60S4,9 + UAN N30 3.71 1.64 0.28 0.11 

LSD05 0.175 0.193 0.056 0.016 

The highest grain yield was obtained by fertilizing winter wheat with UAN-32 with Thio-Sul 
fertilizer (Table 2). Fertilization of wheat with Leader 24-6 resulted in a significantly lower 
grain yield than fertilization with the same rate of UAN-32 fertilizer. The highest protein 
content in grains was determined in the fields fertilized with UAN-32 + Thio-Sul. This amount 
of protein was significantly different from other fertilization options. 

Table 2. Yield and quality of winter wheat 

Variants Grain yield t 
ha-1 Proteins, % 

1.UAN N60+UAN N60+UAN N30 6.907 12.02 
2.LD N60S15+UAN N60+UAN N30 6.615 11.66 
3.UAN N60+LD N60S15 UAN N30 6.728 11.32 
4.LD N60S15+LD N60S15+UAN N30 6.401 10.81 
5.UAN+Thio-Sul N60S4,9+UAN N60 +UAN N30 7.017 12.41 
6.UAN+Thio-Sul N60S4,9 + UAN+Thio-Sul N60S4,9 
+ UAN N30 7.072 12.39 

LSD05 0.185 0.377 

CONCLUSIONS 

The highest grain yield and protein content in grain were obtained by fertilizing winter wheat 
with a mixture of nitrogen fertilizer KAS-32 and sulphur fertilizer Thio-Sul. 

Nitrogen and Sulphur Fertilizer Leader 24-6, used in stage BBCH 30, burned wheat leaves little 
bit, which could reduce nitrogen content in the leaves, grain yield and quality. 

A reliable positive correlation was found between the nitrogen content in the leaves at BBCH 
stage 59 and the grain yield and protein content in the grain (correlation coefficients 0.47 ** 
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and 0.74 **, respectively). The sulphur content in the leaves did not affect the grain yield at this 
stage but had a positive effect on the protein content in the grain (correlation coefficient 0.50 
**). 

Keywords: winter wheat, fertilizers, nitrogen and sulphur content in leaves, grain yield, 
proteins. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Crop residues are plant remnants that remain in the field after crop harvest. Straw, roots, shafts, 
and other tissues of maize, wheat, and rice account for the majority of agricultural residues 
generated each year, accounting for 40.6 %, 24.2 %, and 15.7 %, respectively [1,2]. Wheat 
straw is among the most common cereal crop residues with high cellulose, hemicellulose, and 
lignin content. According to data from the statistics website, grain crop production in Lithuania 
in 2020 was 6.5 million tonnes [3]. The amount of straw gathered in Lithuania from all sorts of 
crops differs year to year, but during the previous five years, an average of 3 million tonnes of 
straw has been collected annually [4, 5]. Crop residues contain approximately 3.0 to 8.2 kg of 
nitrogen, 0.2 to 0.6 kg of phosphorous, and 7.2 to 23.3 kg of potassium per ton dry matter, in 
addition to organic carbon [6, 7]. In particular, their biochemical composition and physical 
structure influence the mineralization process [8].  

Fungi are the primary producers of cellulose-degrading enzymes with the highest level of 
cellulose production [9]. However, in addition to fungi, bacteria are currently considered 
promising candidates for future strategies because of their broad functional biodiversity and 
versatility [10]. Certain bacterial strains isolated from agricultural soil showed the ability to 
degrade cellulose. Most of these bacterial strains belong to genera such as Cellulomonas sp, 
Cellvibrio sp, Clostridium sp, Pseudomonas sp and Bacillus sp [11, 12, 13, and 14]. 

Plant residue decomposition is a key biochemical cycle activity that provides nutritional 
resources to plant and microbial populations. The role played by the microbial community in 
regulating complex processes, such as decomposition of crop residues has been inappropriately 
investigated, but it has been increasingly recognized and demonstrated to be an important factor 
[15, 16]. Since information about bacterial strains with a cellulolytic activity that decomposes 
field crop residues, particularly in Lithuania very limited, the present study is conducted to 
isolate and evaluate potential bacteria.  

METHODS 

Soil samples were collected in the spring of 2021 from two factorial field experiments that are 
being conducted in the Institute of Agriculture, Lithuanian Research Centre for Agriculture and 
Forestry. A factor is different tillage treatments (ploughing – P, harrowing – H, and no-tillage 
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– NT), and B factor cover crop management (with cover crop – C and without cover crop – W). 
Cereal cropping sequences consisting of five-member crop rotations (winter wheat - winter rape 
- spring wheat - spring barley – pea) has a history of more than three complete rotation cycles. 
In the year of soil sampling, winter wheat was grown. Cover crop white mustard established at 
pre-harvest of spring barley in 2019. The number of colony-forming units (CFU) of cellulolytic 
bacteria from different tillage and cover crop management treatments was evaluated on 
cellulose Congo red agar (CRA) [17]. Bacteria able to use the cellulose on CRA produce the 
distinct zones around their colonies, which gave a possibility to separate from those that did not 
produce cellulose. In order to select potential bacterial strains, cellulolytic bacteria were isolated 
on two selective media: cellulose agar and carboxymethyl cellulose agar (CMC) using the 
spread plate technique. All different bacterial colonies that appeared on the plates of the two 
selective media were selected and subjected to the purification process.  

All purified isolates were screened for celluloses production on CMC agar plates using Congo 
red reagent [18] and an iodine solution indicator according to Kasana et al. [19]. The clear zone 
around the bacterial colony indicated cellulose degradation. The hydrolysis capacity values of 
primary and secondary screening were calculated as a ratio of clear zone size to colony 
diameter. Confirmation of cellulose-degrading ability of microbial isolates performed by 
streaking on the CRA media. Colonies showing a discolouration of Congo red have been taken 
as positive cellulose-degrading microbial colonies [17]. Selected bacterial isolates were also 
tested for degradation of other main plant cell polymers such as lignin, and hemicellulose using 
methylene blue [20] and Congo red [21] respectively. The discolouration of methylene blue has 
been used as an indicator of lignin peroxidase enzyme activity [22]. The ability of bacteria to 
degrade xylan, which is a type of hemicellulose, was evaluated by staining xylan agar plates 
with Congo red reagent. The appearance of the halo zone after staining with Congo red indicates 
that xylanase is secreted by bacterial culture.  

All the results reported are the means of three replicates. Enumeration data of cellulose-
degrading bacteria isolated from soil were subjected to two-way analysis of variance (ANOVA) 
and tested for its significance using LSD (least significant difference) at P < 0.05 level.  

RESULTS 

The influence of different tillage and cover crop management practices on the quantity (count 
of CFU) of cellulolytic bacteria is shown in Fig. 1. The results showed that there are no 
significant differences in the number of CFU among compared soil management practises. 
However, there is a tendency towards an increase in the number of CFU with reduced-tillage 
(harrowing) and with no-tillage compared to conventional tillage (ploughing). 
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Fig. 1.  Enumeration of cellulose-degrading bacteria from different tillage 
treatments and cover crop management. CFU – colony-forming unit; CRA – 
cellulose Congo red agar; P – ploughing; H – harrowing; NT no-tillage; C - 

with cover crop and W - without cover crop. Vertical bars explain the 
standards deviation of four field replications. 

A total of 159 cellulolytic microbial strains were selected based on shape, size, and colony 
characteristics, and 61 isolates showed cellulolytic activity according to primary screening. Soil 
sample from H-W treatment showed the highest number of cellulolytic bacteria with 13 isolates 
(21.31%) followed by P–W - 12 isolates (19.67%), NT–C - 11 isolates (18.03%), NT–W – 10 
isolates (16.39%), H–C – 10 isolates (16.39%) and P–C - 5 isolates (8.21%). The primary 
screening showed that clear zones ranged from 5 to 54 mm, and hydrolysis capacity ranged 
from 2.1 (H-C.18) to 8.0 (NT-C.25.2). These results are similar to the findings reported by Lu 
et al. [23], who observed maximum clearing zones ranging between 25 to 64 mm with a 
maximum hydrolysis capacity value of 4.85-13.11. However, based on the secondary screening, 
only thirty-eight strains exhibited a cellulolytic zone around the colonies after staining the plates 
with iodine solution. The hydrolysis capacity values of the cellulolytic bacterial isolates were 
estimated and varied from 1.5 to 6.7. The cellulolytic bacterium strain HW.18 isolated from 
soil of harrowing without cover crop had the highest hydrolysis capacity 6.7. Based on the 
results of this screening greatest number of bacterial isolates that showed halo zone was isolated 
from soil sample where harrowing without cover crop was used. Confirmation of cellulose-
degrading ability of bacterial isolates was performed by streaking on the cellulose Congo red 
agar. Out of 61 isolates, 47 showed discolouration of Congo red. Changes in the colour of the 
medium from blue to clear were observed for 5 bacterial strains, which confirms their ability to 
degrade lignin. The abilities of soil bacterial isolates to break down and assimilate lignin as the 
primary carbon source aligned with Umashankar et al. [24] findings. Thirteen bacterial isolates 
were able to degrade hemicellulose. The hydrolysis capacity value ranged from 1.3 (NT-C.32) 
to 8.0 (P-W.49).  

CONCLUSIONS 

In our study, it was observed that among sixty-one isolates that showed celluloses activity, 
twenty-five of them were characterized by the high potent ability to degrade cellulose in all 
screening assays including Congo red, iodine solution and confirmation test on cellulose Congo 
red agar. Likewise, the findings indicate that five bacterial isolates have the ligninolytic ability 
and thirteen isolates xylanolytic. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Organic fertilizers in their various forms are often used in agriculture. It is important to know 
the effects of different types of manure on the microorganism’s communities in the arable land 
[1]. Abundance of soil microorganisms is one of the stability and fertility indicators of soil 
ecosystems. The application of fertilizers to the soil stimulates certain groups of 
microorganisms those are often involved in phosphorus solubilization, nitrogen mineralization, 
methane degradation, and degradation of complex organic compounds [2]. 

Enzymatic activity of the soil is another important indicator [3]. Dehydrogenase enzyme is 
important in the biological oxidation of organic compounds and often mentioned as the main 
parameter of the microbiological activity of the soil, which reflects the rate of transformations 
in the soil [4, 5].  

The aim of the research was to investigate how the applied organic fertilizers affect the most 
active soil microorganisms, which determine the soil fertility and stability and soil 
dehydrogenase activity. 

METHODS 

The soil samples were taken from the field of a long-term experiment from a 10–20 cm deep 
arable layer with four replications. Organic and mineral fertilizers were used in the field 
experiment differ in concentration. For the investigation were selected organic fertilizers – litter 
and granulated (poultry and cattle) manure. In the field experiment also were used a non-
commercial biological additives Azotobacter spp. and Trichoderma spp. 

For the quantitative analysis of microorganisms, samples were taken in spring, summer, and 
autumn. The content of microorganisms in colony-forming units (CFU) per 1 g of dry soil was 
calculated according to the Carter and Gregorich methodology [6].  

For the dehydrogenase activity, samples were taken in summer. Analysis was performed 
according to the Klein and other author’s methodology [7]. To each test tube with 1 g soil 
sample was added 0.2 ml of a 3.0% solution of 2,3,5_triphenyltetrazolium chloride, followed 
by 0.5 ml of a 1% glucose solution. The tubes were incubated in the dark for 96 hr at 27°C. 
After incubation 10 ml of methanol was added to each of the tubes followed by mechanically 
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shaking for 30 sec. Absorbance’s were measured on a spectrophotometer at a wavelength of 
λ=485 nm. 

RESULTS 

Abundance of fungal and three physiological groups of bacteria were analysed: non-symbiotic 
diastrophic, organotrophic, and mineral nitrogen assimilating. Second year results were 
obtained. 

The results of investigations showed that the abundance of organotrophic bacteria (except 
sample with mineral fertilizers MF) was highest in the spring period. An increase in 
organotrophs was to be expected because the manure was added in the autumn of 2020. 
According to the studies of other authors fertilization with organic fertilizers initially increases 
the amount of organotrophic bacteria in beginning of the growing season and the amount of 
mineral nitrogen-assimilating bacteria n the end of the growing season, as in our case [8]. The 
abundance of non-symbiotic diastrophic bacteria was highest also in the spring period. 
Decreased significantly during the summer period. Mineral nitrogen-assimilating bacteria 
highest abundance was in autumn period. Comparing the data of individual samples with the 
control, we see that the proportion of mineral nitrogen assimilating bacteria was increased in 
all samples, except for the samples with Trichoderma. The highest abundance of the fungal 
communities was also determined in autumn.  

The activity of dehydrogenases in the soil was in the range 0.8 μg/g/24h to 26.51 μg/g/24h, 
depending on the fertilization. The lowest dehydrogenase activity was found in the field 
fertilized peat cattle litter, meanwhile the highest dehydrogenase activity was found in the field 
fertilized granulated cattle manure with biological substance Trichoderma spp. 

CONCLUSIONS 

Assessing the total abundance of microorganisms, the abundance of organotrophic and 
diastrophic bacteria was highest during the spring period, while nitrifying bacteria and fungi 
were highest in the autumn. The first soil dehydrogenase studies showed the lowest activity in 
the field fertilized peat cattle litter.  

Keywords: soil microorganisms, abundance, dehydrogenase activity. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Grasslands are important ecosystems worldwide for tourism, recreation and wildlife habitat. 
They provide raw materials for food, biofuels and produce most of the forage for ruminants [1, 
2]. One of the ways to improve productivity of grasslands include fertiliser application [3]. 

The waste product of biogas production is rich in macro- and micronutrients and according to 
the absorption of elements by plants it resembles mineral fertilizers since nitrogen (N), 
phosphorus and potassium (K) elements are easily available. These digestate can be applied to 
the soil after mechanical separation into solid digestate (SD) and liquid digestate (LD). [4‒9]. 
It is known from previous research that the use of digestate in fertilising soils, enables 
production of large amounts of grass biomass while reducing the use of mineral fertilisers [6, 
10‒13]. 

K is a macronutrient and has important roles in plants like osmoregulation, membrane potential 
regulation, stress adaptation and growth [14]. N is the mineral nutrient required in the greatest 
amount and its low availability restricts plant growth. Plants assimilate nitrogen as a mineral 
nutrient mostly from the soil [15‒16]. 

The present study aimed to estimate the changes in grass biomass and its chemical composition 
as influenced by fertilisation with different rates of solid and liquid digestate. 

METHODS 

The experiment was established in Surviliskis (55°26′03.07″ N 24°02′12.26″ E), Kedainiai 
district, in perennial grassland on a Fluvisol [17] in 2018. The botanical composition of the 
grassland was dominated by plants of the Poaceae family. There were five fertilisation 
treatments investigated: without fertilisation, fertilisation with LD at 85 and 170 kg ha-1 N and 
with SD at 85 and 170 kg ha-1 N, based on the results of the chemical analysis of the digestate 
(table 1). A randomised experimental design with three field replicates was used.  
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Table 1. Chemical composition of the digestate used for fertilisation, 2018, 2019. 

    pH N, g kg-1 K, g kg-1 OM, % 
2018 SD 8.2 12.8 7.1 88.3 

  LD 8 2.3 1.3 2.3 
2019 SD 8.4 17.1 4.8 75.2 

  LD 7.4 3.9 1.3 3.5 
  

Fertilisation was performed and samples of grass biomass were taken in 2018 and 2019. The 
dry matter yield (DMY) of grasses was determined by weighing. The grass samples of 0.5 kg 
were collected from each plot and dried at a temperature of +105 °C. 

K content of the grass biomass was determined using the flame atomic absorption spectrometry 
measurement on Analyst 200 (PerkinElmer, USA) after the wet digestion process with sulfuric 
acid [18]; N content by the Kjeldahl method [19]. 

The data were analysed using the software SAS Enterprice, version 7.1 (SAS Institute Inc., 
USA). The analysis of variance (ANOVA) was performed, and the data were compared using 
Fisher’s least significant difference (LSD) test at the probability level of P < 0.05. 

RESULTS 

DMY of grasses varied depending on the type and fertilisation rate of the digestate and the year 
(Fig. 1). In the 1st year of the study, the total DMY of herbage ranged from 3.12 to 5.85 t ha-1, 
in the 2nd year ranged from 1.88 to 4.98 t ha-1.  

 

Fig. 1. The DMY of grasses (2018, 2019). Notes. I ‒ 1st cut, II ‒ 2nd cut; LD 
- liquid digestate, SD - solid digestate; error bars are shown as standard 

error. 

The plots fertilised with LD at the rate of 170 kg ha-1 N and 85 kg ha-1 N produced the highest 
DMY, which were statistically significantly (P>0.05) higher compared to the control. A lower 
but much larger than the control DMY was observed in the plots fertilised with 170 kg ha-1 N 
of SD. The results agree with other studies on digestates as fertilisers [6, 9, and 12]. 
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The total DMY yields were lower in 2019, especially in the plots fertilised with 170 kg ha-1 N 
of SD. It may have been caused by a long period of drought in the spring months and in June 
[20]. 

 
Fig. 2. N content in the DMY of grasses (2018 and 2019). 

 Notes. I ‒ 1st cut, II ‒ 2nd cut; LD - liquid digestate, SD - solid digestate; error bars are shown 
as standard error; * – significantly higher at P < 0.05 compared with the control. 

N contents were higher in all digestate-treated plots compared to the control in 2018 and 2019 
(fig. 2).  The highest N amounts (10.62–22.03 g kg-1) were determined in the grasslands 
fertilised with liquid digestate rates of 170 kg ha-1 N. The amount of K in the biomass did not 
increase as significantly as N, but a positive trend was observed in all fertilisation treatments 
(fig. 3). These results confirm data from previous studies that digestates, like other fertilisers, 
improve the quantity and quality of grass biomass [6, 11‒12]. 

 
Fig. 3. K content in the dry matter of grasses (2018 and 2019) 

Notes. I ‒ 1st cut, II ‒ 2nd cut; LD - liquid digestate, SD - solid digestate; error bars are shown as standard error; 
* – significantly higher at P < 0.05 compared with the control. 

CONCLUSIONS 

The highest annual DMY of grasses was produced in the plots fertilised with 170 kg ha-1 N of 
separated LD in 2018 and 2019. The results of the study also showed that digestate can 
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contribute to the increase of N and K in grass biomass. These nutrients, especially N, are very 
important for the physiological processes of plants, as well as for the nutritional value of 
grasses. 

Keywords: biofertilisers, grass yield, nitrogen, potassium. 

REFERENCES 

1. BARNEZE, A. S.; WHITAKER, J.; MCNAMARA, N. P.; OSTLE, N. J. Legumes increase 
grassland productivity with no effect on nitrous oxide emissions. Plant Soil, 2020, No. 446, 
P. 163–177. 

2. GIBSON, David J.; NEWMAN, Jonathan A. (Ed.). Grasslands and climate change. 
Cambridge University Press, 2019, P. 1-3. ISBN 9781107195264. 

3. VARGOVA, V.; KANIANSKA, R.; KIZEKOVA, M.; ŠIŠKA, B.; KOVÁČIKOVÁ, Z.; 
MICHALEC, M. Changes and interactions between grassland ecosystem soil and plant 
properties under long-term mineral fertilization. Agronomy, 2020, Vol. 10, No. 3, P. 375. 

4. KOSZEL, M.; LORENCOWICZ, E. Agricultural use of biogas digestate as a replacement 
fertilizers. Agriculture and Agricultural Science Procedia, 2015, No. 7, P. 119-124. 

5. TEGLIA, C.; TREMIER, A.; MARTEL, J. L. Characterization of solid digestates: part 1, 
review of existing indicators to assess solid digestates agricultural use. Waste and Biomass 

Valorization, 2011, Vol. 2, No. 1, P. 43-58. 

6. GŁOWACKA, A.; SZOSTAK, B.; KLEBANIUK, R. Effect of biogas digestate and mineral 
fertilisation on the soil properties and yield and nutritional value of switchgrass forage. 
Agronomy, 2020, Vol. 10, No. 4, P. 490. 

7. MORTOLA, N.; ROMANIUK, R.; COSENTINO, V.; EIZA, M.; CARFAGNO, P.; 
RIZZO, P.; BRES, P.; RIERA, N.; ROBA, M.; BUTTI, M.; SAINZ, D.; BRUTTI, L. 
Potential Use of a Poultry Manure Digestate as a Biofertilisers: Evaluation of Soil Properties 
and Lactuca sativa Growth. Pedosphere, 2019, Vol. 29, No. 1, P. 60–69.  

8. PASTORELLI, R.; VALBOA, G.; LAGOMARSINO, A.; FABIANI, A.; SIMONCINI, S.; 
ZAGHI, M.; VIGNOZZI, N. Recycling Biogas Digestate from Energy Crops: Effects on 
Soil Properties and Crop Productivity. Applied sciences, 2021, Vol. 11, No.750, and P. 1-
20. 

9. EHMANN, A.; THUMM, U.; LEWANDOWSKI, I. Fertilizing potential of separated 
biogas digestates in annual and perennial biomass production systems. Frontiers in 

Sustainable Food Systems, 2018, Vol. 2, P. 12. 

10. KOVÁČIKOVÁ, Z.; VARGOVÁ, V.; JANČOVÁ, L. Effect of digestate application on 
herbage quality and quantity of permanent grassland. Agriculture/Pol'nohospodárstvo, 
2013, Vol. 59, No. 2, P. 88-98. 

11. WALSH, J. J.; JONES, D. L.; CHADWICK, D. R.; WILLIAMS, A. P. Repeated application 
of anaerobic digestate, undigested cattle slurry, and inorganic fertilizer N: Impacts on 
pasture yield and quality. Grass and Forage Science, 2018, Vol. 73, No. 3, P. 758-763. 



524 
 

12. TILVIKIENĖ, V.; ŠLEPETIENĖ, A.; KADŽIULIENĖ, Ž. Effects of 5 years of digestate 
application on biomass production and quality of cocksfoot (Dactylis glomerata L.). Grass 

and Forage Science, 2018, Vol. 73, No.1, P. 206-217. 

13. TAMPERE, M.; VIIRALT, R. The efficiency of biogas digestate on grassland compared to 
mineral fertilizer and cattle slurry. Research for Rural Development, 2014, Vol. 1, P. 89-
94. 

14. JOHNSON, R.; VISHWAKARMA, K.; HOSSEN, M. S.; KUMAR, V.; SHACKIRA, A. 
M.; PUTHUR, J. T.; HASANUZZAMAN, M. Potassium in plants: Growth regulation, 
signalling, and environmental stress tolerance. Plant Physiology and Biochemistry, 2022, 
Vol. 172, P. 56-69. 

15. KRAISER, T.; GRAS, D. E.; GUTIÉRREZ, A. G.; GONZÁLEZ, B.; GUTIÉRREZ, R. A. 
A holistic view of nitrogen acquisition in plants. Journal of experimental botany, 2011, 
Vol. 62, No. 4, P. 1455-1466. 

16. GARCIA-SERVIN, M.; CONTRERAS-MEDINA, L. M.; TORRES-PACHECO, I.; 
GUEVARA-GONZÁLEZ, R. G. Nitrate Handbook: Environmental, Agricultural, and 
Health Effects. CRC Press Routledge, 2022. P. 163-165. ISBN 9780367338220. 

17. Group WRB. World Reference Base for Soil Resources 2014, Update 2015; International 
Soil Classification System for Naming Soils and Creating Legends for Soil Maps; World 
Soil Resources Reports No. 106; FAO: Rome, Italy, 2015, P. 193. 

18. JURGUTIS, L.; ŠLEPETIENĖ, A.; ŠLEPETYS, J.; CESEVIČIENĖ, J. towards a Full 
Circular Economy in Biogas Plants: Sustainable Management of Digestate for Growing 
Biomass Feedstocks and Use as Biofertilizer. Energies, 2021, Vol.14, No. 14, P. 4272. 

19. SAEZ-PLAZA, P.; NAVAS, M. J.; WYBRANIEC, S.; MICHAŁOWSKI, T.; ASUERO, 
A. G. An overview of the Kjeldahl method of nitrogen determination. Part II. Sample 
preparation, working scale, instrumental finish, and quality control. Critical Reviews in 

Analytical Chemistry, 2013, Vol. 43, P. 224–272. 

20. Lithuanian Hydrometeorological Service under the Ministry of Environment. 
<http://www.meteo.lt/lt/desimtadieniu-agrometeorologiniu-salygu-archyvas> 

  



525 
 

THE POTENTIAL OF HEMP FOR BIOCHAR PRODUCTION 

U. Stulpinaitė, V. Tilvikienė 
Lithuania Research Centre for Agriculture and Forestry 

Instituto al. 1, Akademija, Kėdainiai distr. – Lithuania 

+37063620394 

Urte.stulpinaite@lammc.lt 

 
K. Žiūra 

Vytautas Magnus University  

Studentų 15A, Akademija, Kaunas distr. – Lithuania 

Kestutis.ziura@vdu.lt  

 
 

EXTENDED ABSTRACT 
 
 

OVERVIEW 

Fibrous hemp is used in many end products derived from cannabinoids, seeds, fibre, and wood 
core. As a fibrous plant, it is one of the oldest non-food plants in the world [1]. In the 19th 
century, flax and hemp were the most important fibre crops in Europe. Although hemp 
cultivation had declined, interest in these crops has recently risen and is expanding rapidly in 
France, Italy, and the Netherlands [2]. Farmers have been allowed to grow hemp only since 
2014 in Lithuania, the declared area under this crop was over 1000 hectares in the same year 
[3]. After 5 years, the area of hemp was around 9000 hectares. The observed difference in hemp 
biomass yield (3.4–31.2 t·ha-1) is influenced by environmental conditions, applied fertilization, 
plant density, and genotypes. The highest biomass yield is set in Italy. Northern Italy - 28.6-
31.2 t ha-1 dry matter, central Italy - 13.1-26.3 tha-1 dry matter, in Latvia - 13.5-21.3 tha-1 of dry 
matter, the least yield is produced in Southwest Germany - 5.2 -12.8 tha-1 [9]. These days the 
most popular cultivars of hemp are “Felina 32”, “USO 31”, “Epsilon 68”, “Finola” [10]. 

The above-ground parts of fibrous hemp can be used to produce biochar. Biochar is biomass 
burned at high temperatures in an oxygen-free environment. Interest in biochar has grown in 
recent years. The use of biochar in agriculture as a fertilizer has also attracted the interest of 
farmers [4]. Biochar has the potential to reduce carbon emissions, improve water retention and 
nutrient retention, soil organic matter accumulation, and improve the availability of nutrients 
such as phosphorus and nitrogen in a variety of soil types. The chemical composition of biochar 
depends on the chosen raw material in the production process but is constantly enriched with 
the main nutrients: Ca, Ma, Na, Fe, Mn, Cu, Zn, N, P, and K [4–6]. The use of biochar for soil 
improvement has also outperformed biomass composting [7]. Biochar improves the quality of 
the soil, its structure, and its hygroscopic properties, making the soil more resistant to rain, 
wind, and water erosion. The use of biochar for fertilization also improves the plant uptake of 
nitrogen fertilizers and reduces nitrogen gas emissions [8,9]. Nitrogen gas has a strong 
greenhouse effect, so biochar in the soil, thus reducing nitrogen emissions, contributes to 
tackling climate change [10]. Nevertheless, there is a lack of information about the biochar 
properties produced from different parts of hemp (stems, leaves, chaff, and fibre). Therefore 
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the aim of this research was to investigate the biochar production process and biochar potential 
of different parts of hemp. 

METHODS 

The field experiment is performed in Akademija, Kėdainiai distr. fields with dimensions of 
3x10 m. Sowing time - late May, when the soil warms to 10°C. Hemp Felina 32 seed rate 
35 kg·ha-1. Sown at a depth of 3-4 cm, 12.5 cm apart. Biochar production is carried out by slow 
pyrolysis at 400 ℃, with a heating rate of 6 ℃∙h-1 and a holding time of 2 h. 

RESULTS 

The amount of biomass in the whole field reached 28 ta∙ha-1 dry matter. The amount of biomass 
without leaves and inflorescence was estimated at 8.08 ta∙ha-1 dry matter (Fig. 2). The stem part 
of the hemp is residues accounts for more than half of all biomass. Therefore, if hemp is grown 
for seeds of leaves, the huge biomass is left and potentially could be used for biochar 
production.  

 

Fig. 2 Biomass yield of all hemp and of the stem (A) and biochar production 
from different parts of hemp (B) 

The biochar production from fibre hemp showed a maximum biochar amount of 47.90 ± 8.99% 
of the raw material obtained from the leaves (Fig. 2 B). However, the amount of biochar 
extracted from other parts of the fibre hemp stem varies between 30.19% and 33.18%. 

CONCLUSIONS 

1. Fiber hemp has a huge amount of biomass. If hemp is not growing for fibre when stem 
part is residues, which is the problem of huge biomass content. One of the ways to solve 
this problem could be the production of biochar.  

2. The highest amount of biochar production was obtained from leaves. Less content of 
the biochar was produced from stem and fibre; however, in some cases, these are the 
residues, so it’s better to use stem for biochar. There are two main benefits of biochar 
production: improving the soil quality and efficiently utilizing hemp residues. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW  

Afforestation is facing with two challenges: to grow high productivity forest plantations and to 
maintain sustainability of forest soils [1–3]. The afforestation typically has benefits associated 
with carbon sequestration [3, 4]. Different afforestation practices affect the soil organic carbon 
(SOC) stocks in the topsoil, but their effects on the subsoil SOC are not yet well studied [4]. 
Deep soil ploughing could be used before afforestation of former agricultural land [5, 6]. Such 
soil preparation could give additional value for growing trees, and this positively correlates with 
the higher C sequestration in biomass. The effects of deep soil ploughing are being analysed in 
literature [7]. Soil ploughing up to 50–60 cm deep before afforestation of former agricultural 
land can eliminate high-density subsoil or soil compaction induced by harvesting machines [8, 
9]. Among other changes in mineral soil properties, the deep placement of nitrogen (N), 
translocation of SOC from topsoil into subsoil, and, finally, improved long-term soil fertility 
could be mentioned as the most important [5,10,11]. The aim of this study is to determine the 
changes of soil N and SOC concentrations and stocks in the soil where deep ploughing was 
performed before afforestation of former agricultural land.  

METHODS 

The study was carried out in Širvintos district in November-December 2020. The former 
cropland was afforested with the mixture of oak, Norway spruce and Scots pine in 2012. Two 
afforestation practices – non-ploughed soil and deep ploughed soil – were used. The soil was 
sandy Planosol [12]. Four composite samples of mineral soil (0–10, 10–20, 20–40 and 40–
80 cm layers) were sampled for determination of the concentrations of total N, mineral N, and 
SOC. Total N was determined using the Kjeldahl method, mineral N by the spectrometric 
method, and SOC concentration using a dry combustion method. Chemical soil analyses were 
performed by the LAMMC Agrochemical Research Laboratory. The stocks of total N and SOC 
were calculated according to the methodology given by Vesterdal et al. [13].  

RESULTS  

The study results showed higher concentrations of SOC and total N in 20–40 cm subsoil layer 
compared to the 0–20 cm topsoil layers in the sites where deep ploughing was performed before 
afforestation (Fig. 1). In non-ploughed soil, the concentrations of SOC and total N showed 
similar trend in the 0–80 cm soil profile: the highest concentrations were obtained in the 0–
10 cm topsoil layer and they decreased steadily with a larger depth of the soil profile. 
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The concentrations of mineral N varied within a range of 1.3–1.6 mg kg-1 in 0-80 cm and there 
were no significant differences between different soil layers in the sites afforested after deep 
ploughing. In non-ploughed soil, the concentrations of mineral N decreased with greater soil 
depth from 2.9±0.3 mg kg-1 in 0–10 cm soil layer to 0.9±0.0 mg kg-1 in 40–80 cm soil layer.  

A 

 
B 

 

Fig. 1. The concentration of SOC (A) and total N (B) in deeply ploughed 
and non-ploughed Planosol, representing the afforested and regenerated site, 

respectively. 

In the sites afforested after deep ploughing, the total N stock in the 0–20 cm topsoil was 3.6 
times lower than in the 20–80 cm soil layers. However, in the non-ploughed Planosol, this 
difference was only 1.6 times. Very similar trend was obtained for SOC stocks: the values were 
7.3–5.9 kg ha-1 in the 0–20 cm topsoil and 22.8–27.8 kg ha-1 in the 20–80 cm soil layer. 

CONCLUSIONS 

1. Deep ploughing, performed before afforestation of former agricultural land, 
increased the concentrations of total N and SOC in the subsoil in comparison with non-
ploughed soil. These changes were obtained a decade post-ploughing.   

2. The stocks of total N and SOC were significantly higher in the deeper soil 
compared with the topsoil layers, while in the non-ploughed sites this difference was less 
evident. 

Keywords: afforestation, deep soil tillage, soil organic carbon, nitrogen  
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Oilseed rape (Brassica napus L.) is an important crop which is widely grown for vegetable oil 
and is one of the biggest source of oil in the world [1]. Oilseed production depends on biotic 
and abiotic environmental conditions. Lithuania is north-eastern country of Europe and low 
temperatures during winter has big impact and are required for rape production [2, 3].  However, 
despite environment impact exogenous phytohormones affects physiological plant 
development processes during critical ontogenesis stages: rooting, bud development, flowering 
or maturity [4]. The goal of experiment was to increase oilseed rape yield by using exogenous 
phytohormones applications during different organogenesis stages. 

METHODS 

The research was carried out in field experiment. Oilseed rape (Brassica napus L.) were grown 
in Lithuanian research centre for agriculture and forestry Institute under field conditions during 
autumn – spring – summer periods. 25 m2 fields were established and each variant had 3 
replications. Experiment will be repeated for 2 years. Mixtures of kinetin (KIN) and indole-3-
butyric acid (IBA) at rates of 20 mg l-1 KIN + 5 mg l-1 IBA (KIN20IBA5) and 5 mg l-1 KIN  + 
20 mg l-1 IBA(KIN5IBA20) were applied as different treatments up to three times during 
different time of plant development. After 5 days of each application development parameters 
were analysed (Table 1).  

Table 1 Different foliar exogenous phytohormones application time and number of 
applications per variant.  

20 mg l-1 KIN + 5 mg l-1 IBA 
 

No Treatment 1 Treatment 2 Treatment 3 
Control - - - 

1.1 BBCH 14-16 - - 
1.2 BBCH 14-16 BBCH 31-33  - 
1.3 BBCH 14-16 BBCH 31-33 BBCH 57-59 
1.4  - BBCH 31-33  - 
1.5  - BBCH 31-33 BBCH 57-59 
1.6  -  - BBCH 57-59 

mailto:martynas.urbutis@lammc.lt
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 5 mg l-1 KIN + 20 mg l-1 IBA 
2.1 BBCH 14-16  -  - 
2.2 BBCH 14-16 BBCH 31-33  - 
2.3 BBCH 14-16 BBCH 31-33 BBCH 57-59 
2.4  - BBCH 31-33  - 
2.5  - BBCH 31-33 BBCH 57-59 
2.6  -  - BBCH 57-59 

Biometric measurements. Ten representative oilseed rape plants were selected from each 
replication to determine pod number per plant and seed number per pod. 

Statistical analysis. MS Excel Version 2010 and XLStat 2020 Data Analysis and Statistical 
Solution for Microsoft Excel (Addinsoft, France) statistical software were used for data 
processing. Analysis of variance (ANOVA) was carried out along with Tukey comparison test 
for statistical analyses, p ≤ 0.05. 

RESULTS 

Applying exogenous phytohormones (20 mg l-1 KIN + 5 mg l-1 IBA; 20 mg l-1 IBA + 5 mg l-1 
KIN) at early development (BBCH 14-16; BBCH 31-33) stages had positive effect on 
development of pods compared to the other applications (Fig 1).  

 

Fig. 1. Pod number per plant. Treatments: Control – no treatment, Different 
concentrations of kinetin (KIN) and indole-3-butyric acid (IBA) were 

applied as follows: 1.1, 2.1 – at BBCH 14-16; 1.2, 2.2 – at BBCH 14-16 and 
BBCH 31-33; 1.3, 2.3 – at BBCH 14-16, BBCH 31-33 and BBCH 57-59; 

1.4, 2.4 – at BBCH 31-33; 1.5, 2.5 – at BBCH 31-33 and BBCH 57-59; 1.6, 
2.6 – at BBCH 57-59. Values are mean ± SE of 10 replicates and different 

letters are differed significantly by Tukey comparison test (P ≤ 0.05).  

Furthermore, there was noticed significant seed number per pod reduction with increasing 
number of pods per plant (Fig. 2).   
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Fig. 2. Seed number per pod. Treatments: Control – no treatment, Different 
concentrations of kinetin (KIN) and indole-3-butyric acid (IBA) were 

applied as follows: 1.1, 2.1 – at BBCH 14-16; 1.2, 2.2 – at BBCH 14-16 and 
BBCH 31-33; 1.3, 2.3 – at BBCH 14-16, BBCH 31-33 and BBCH 57-59; 

1.4, 2.4 – at BBCH 31-33; 1.5, 2.5 – at BBCH 31-33 and BBCH 57-59; 1.6, 
2.6 – at BBCH 57-59. Values are mean ± SE of 10 replicates and different 

letters are differed significantly by Tukey comparison test (P ≤ 0.05). 

CONCLUSIONS 

Exogenous phytohormones applications at early stages of development (BBCH 14-16; BBCH 
31-33) found to have the greatest significant impact on productivity parameters using 20 mg l-

1 KIN + 5 mg l-1 IBA one or two times throughout plant vegetation.  

Keywords: Biostimulants, soil, oilseed rape, stress, fertilizers, biometric parameters, 
ontogenesis, exogenous phytohormones, cytokines, auxin. 
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ABSTRACT 

Now a days, air pollution becomes progressively more serious. Therefore, an 
accurate identification of urban air pollution characteristics and associated pollutant 
transport mechanisms would helps to effectively control and minimize the main 
sources of the air pollution. This  present work devote to specify the transport 
pathways, and potential sources of 7Be in Granada city (Spain),  based on 7Be 
monitoring data from 2015 to 2017. This analysis has been evaluated using three 
methods: Clustering analysis by Hybrid Single-Particle Lagrangian Integrated 
Trajectory (HYSPLIT), the potential source contribution function (PSCF), and the 
concentration weighted trajectory (CWT), in order  to identify the mainly transport 
pathways affecting air masses during the desired search period at two altitudes 750 m 
and 3000 m. 

According to the obtained results of clustering analysis,  five sectors of air masses 
were identified with different percentage in each altitude. This method showed  that 
there are miltitudes air masses coming to Granada during the sampling period could 
be classified as: tropical continental air masses coming from the Mediterranean Sea, 
tropical and  polar maritime air masses built over the Atlantic Ocean, and continental 
air masses produced over Europe and Northern Africa. Furthermore, the results of 
PSCF (Potential Source Contribution Function) are consistent with those of CWT 
(Concentration-Weighted Trajectory). Its indicate that the main source areas of 7Be 
are located in the Atlantic coast of southern Morocco, and Northern Africa. 

Keywords: Transport athways, 7Be, potential source, Clustering analysis, PSCF, CWT. 
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INTRODUCTION 

In each place on Earth there are specific geographical, geological, and climatological 
circumstances that influence the values of environmental radioactivity in the area [1]. 
Therefore, in order to know the radiation rate of a specific place, it must be adequately 
characterized radiologically, determining the content of radioactive elements in the various 
natural ecosystems that form it.  

Since several decades ago, a multitude applications of the radionuclides were used, but is still 
a very powerful tool until now. The atmospheric radionuclides have been used to trace 
atmospheric transport and exchange processes [2], [3]. There are a three principal sources of 
atmospheric radioactivity: radon isotopes and their progeny, rayon cosmic produced 
radionuclides (cosmogenic radionuclides) and anthropogenic radionuclides. 

The 7Be is the cosmogenic radionuclide (t1/2 = 53.3 days) which it is interest in this study. The 
7Be formed by cosmic ray spallation reactions with nuclei of light elements, such as Carbon, 
Oxygen and Nitrogen in the upper layers of the atmosphere [4], mostly producing in the 
stratosphere about 66%  and in the upper troposphere about 33% [5]. It decays by electron 
capture with gamma emission (Eγ=477.6).  

In this current research, the back-trajectories of air masses  and 7Be concentrations data from 
2015 to  2017 has been analysed by three methods: Cluster analysis,  PSCF,  CWT to identify  
the source regions  of the  7Be affecting the air of  Granada's city (Spain). These methods has 
been applied in several studies, such as Cluster Analysis of  Back Trajectories coming into the 
region of Barcelona, Spain, between 1997 and 2002 by [6]. The concentration field method 
(CWT) of [7] was applied to detect the source areas of ozone. More recently, [8] was applied 
inverse modeling to investigate source regions of greenhouse gases and halogenated gases in 
Italian northern Apennines site [9]. 

MATERIAL AND METHODS 

Study Area And Data Sources 

The current research has been conducted in Granada city(Spain). Granada is an urban region 
located in the southeastern part of Andalusia, the region that includes the southen of the Iberian 
Peninsula. It is mainly encircled with multitude mountains. There are Sierra Gorda in the West,  
Subbaetic System Sierra de Huétor  in the North, Sierra Arana and Sierra Nevada in the East. 
Granada's climate is continental Mediterranean, with hot and dry  summers (Max: 35°C), city 
is protected from winds by the Sierra due to the fact that the Nevada and cold winters (Min: -
4°C) due to the altitude of the municipality in the mountain (738 m).  

The 7Be data sets were obtained throughout  three consecutive years, starting from January  
2015 to December  2017. Specific details, the samples were  weekly collected by an air sampler 
Radeco AVS-60A, as well as the cellulose filters 4.2 cm of effective diameter and 0.8 µm of 
pore size . The weekly filters collected during each month (4–5 filters) were analysing together. 
The analysis by Gamma-Spectrometry was performed using a vertical configuration coaxial 
inverted type germanium detector (HPGe) with a counting time of 90000 s. 

The meteorological data developed by the NOAA‘s Air Resources Laboratory (ARL)[10],  has 
been used as input to generate the back-trajectory and to obtained from GDAS data. Precisely, 
96-h  daily back-trajectories were calculated and recorded every 6h, namely, at 00:00, 06:00, 
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12:00 and 18:00 (UTC) in two altitude 750m and  3000m to simulate airflow transport 
trajectories near the ground surface in Granada during the period of interest, using the Hybrid 
Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model. 

METHODOLOGY 

Trajectory Clustering Analysis 

Cluster analysis method is a statistical technique utilized to separate the trajectory data into 
several classes or clusters. Because this paper aims to define the direction from which the air 
masses that reach the site have originated. The Euclidean distance clustering method is utilized 
to cluster the back-trajectories by following equation: 

 𝑑𝑖𝑗 = √∑ (𝑥𝑖𝑛 − 𝑥𝑗𝑛)2
𝑝
𝑛−1  ,                          (1) 

where, dij are  the distance between  ith and  jth  endpoints of trajectories , xin is the value of the 
nth variable of the ith endpoints. xjn is the value of the nth variable of the jth endpoints. 

PSCF And CWT Models 

The Potential source contribution function (PSCF) model is a simple statistical method. The 
PSCF combine the residence time of the trajectories (generated by Hysplit) and  high 
concentrations of 7Be (collected and analysed in Granada)  besed on conditional probability 
field (criterion) [11]. It was analyzed to determine the spatial source areas of 7Be. It can be 
calculated as follows: 
 𝑃𝑆𝐶𝐹 =  

𝑚𝑖𝑗

𝑛𝑖𝑗
. (2) 

In each cell (i, j) there is the total number of endpoints nij  that pass through it, and mij  
the number of endpoints of the same cell link with the trajectories wich have the concentration 
higher than a chosen criterion (75th).  To reduce the uncertainty of some cells have a small value 
of nij, we used the weight function Wij, particularly, when the total number of the endpoints in 
a each cell(i,j) was less than about three times the average value of the end points. 
 𝑊𝑃𝑆𝐶𝐹𝑖𝑗 = 𝑊𝑖𝑗 × 𝑃𝑆𝐶𝐹𝑖𝑗  (3) 

𝑊𝑖𝑗 = 

{
 
 

 
 1.00               𝑛𝑖𝑗 > 80

0.70     20 <  𝑛𝑖𝑗 < 80

0.42      10 < 𝑛𝑖𝑗 < 20

0.05      10 < 𝑛𝑖𝑗 < 20}
 
 

 
 

. 

When the concentrations of the 7Be could be slightly or much higher than the criterion some 
cells could have similar PSCF value. Therefore,  it is hard to notice  moderate sources from 
strong ones.  Hence, to avoid the laminations of the PSCF method  CWT method was used with 
the aiming of producing a geographical overview of source areas of 7Be within the study region 
[14][15]. The CWT can be defined as: 
 𝐶𝑊𝑇𝑖𝑗 = 

1

∑ 𝜏𝑖𝑗
𝑀
𝑙=1

∑ 𝑐𝑖𝑗𝜏𝑖𝑗𝑙
𝑀
𝑙=1  , (4) 

 C is the average concentration in the grid cell(i,j).  
 L is the indicator of each trajectory.  
 M is the total number of trajectories which pass through the cell (i,j). 
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To eliminate the effect of the small values of nij, we also applied weighting function described 
above in CWT analyses. 

For two analysis models( PSCF, CWT) , we divided the areas covering all trajectories into 0.5◦ 
× 0.5◦ cells. 

RESULTS 

Radioactivity Evolution Of 7be 

Fig. 1.  Time series of 7Be Activities acquired at Granada during the 
research period. 

Based on time series of 7Be for Granada from 2015 to 2017 (Fig.1), we found that the 
concentration of 7Be display a regular pattern over annual periods as well as, there is some 
changes in the activity concentrations of 7Be. This caused by different factors, meteorological 
conditions ( precipitation,humidity, temperature… ). The monthly 7Be concentration has an 
average value of 5.8 mBq m-3.  This value is coherent with the average recorded in previous 
study in Spanish sites located at similar latitudes, such as Ciudad Real (5.36 mBq·m−3), 
Valencia (4.63 mBq·m−3) and Huelva (5.10 mBq·m−3) in Spain [16],[17]. 

The highest values of 7Be concentration found during the warm seasons, which reached a 
maximum value (9.38 mBq·m−3) in  June 2017,  while the lowest values , was identified during 
cold seasons which reached a minimum value (1.76 mBq·m−3) in  Febrary 2015. 

This pattern is well-known and was often observed at mid-latitudes sites [18],[19],[20]  and it 
is due to the vertical convection of the air masses between stratosphere and troposphere in the 
months concerning the pass from winter to summer [21]. 

Backward Trajectory Clustering 

Actually, the air masses plays a key role in the transport and global distribution of aerosols at 
the surface Earth‘s atmosphere. Thus, Air Masses Classification (clustering analysis) method 
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was used  throughout the procedure discussed earlier in Section 2 , in order identify the main 
origin and pathway of air masses arriving to Granada from January 2015 to December 2017.   

Fig. 2.  Cluster mean back trajectories arriving in Granada at two altitude : 
750m and 3000m 

Fig.2, shows the air masses classification, five clusters were determined for two altitude 750m 
and 3000m. 

As seen in this Figure, and upon the influence of the main air masses over Spain region 
[22],[23],[24], Five sectors of air masses were identified according to their source regions and 
described as following:  

• North Sector (N, Nw, fNw): This sector includes a continental air masses produced 
over Europe (N ), as well as the polar maritime air masses concentrated as continental 
over Atlantic Ocean (Nw), and also the most fastest air masses coming  from North 
America (Nwf). 

• West Sector (W, fW): This cluster mixes Atlantic tropical and warm polar maritime 
air masses created over Atlantic Ocean (W). Due to reduce passage time over the 
Atlantic Ocean, there is a quite fast air masses (fW).  

• South West Sector (Sw): This cluster collect continental air masses and tropical 
maritime crossing the Straits of Gibraltar and the Northern of Africa before coming to 
Granada. Due to the continental air masses near to Sahel and Sahara dessert, the air 
masse connected by cluster Sw increase the concentration of n., Amineral dust.  

• Local Sector (Loc): This cluster groups continental advection originated close to 
monitoring station. Thus, they are only detected from  height levels (3000 m) with the 
highest contribution 37%. 

• Mediterranean Sector (Med): The Mediterranean cluster composed by warm polar 
continental air masses formed over Mediterranean Sea, as well as slow tropical 
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continental air masses arriving from Africa. Therefore, these happening could be 
connected with the transport of high concentrations of mineral dust and also natural 
radionuclides (Piñero et al., 2015; Brattch et al., 2015). 

PSCF And CWT Models 

To investigate the region sources of  7Be in Granada's city , the PSCF and CWT methods have 
been used. To take into account the different potential sources of 7Be, two altitudes 750m and 
3000m were applied. Fig.3 present the result of PSCF and CWT for 7Be in Granada for two 
altitude 750m ans 3000m from 2015 and 2017.  The colors present the contribution levels. For 
PSCF, the colors show the conditional probability that a cell is a source of 7Be Activity above 
the 50th percentile value. Wheras,  these colors presents the weighted average concentration of 
the 7Be  in a cell using CWT. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.  PSCF values of 7Be in 750 m, and 3000 m during the study period. 

According to the results, different regions sources of 7Be identified. At low altitude (750m), 
strong source regions are mainly found in basin Mediterranean, south eastern France and 
northwest Africa. On the other hand, in height altitude (3000m), Atlantic ocean of Morocco 
(Canary Islands) was founded as a source region of 7Be. This caused by tropopause 
discontinuity in mid-latitude as well as, this region characterizes by cyclone formation and 
stratosphere-troposphere exchange (STE) promoting mechanisms , therefore, they are rich in 
7Be concentration. Fortheremore, The North Africa as source region is explained by African 
intrusions which increase the vertical transport of air masses, then, increase the concentration 
of 7Be at the ground surface. Additionally, When CWT results are compared to the WPSCF 
results, they have basically consistent results for areas contributing to the 7Be concentration in 
Granada, which demonstrates the credibility and accuracy of the analysis results. 

CONCLUSION 

Based on 7Be concentrations data and back trajectory analysis from 2015 to 2017, this paper 
investigate the  influence of the origin and the pathway of the air masses, as well as the source 
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areas related to high concentrations of 7Be  in Granada, using different trajectory analysis 
methods: Cluster analysis,  PSCF,  CWT. First, we presented an overview of the time series of 
7Be activity concentration. The result shows that 7Be display a regular pattern over annual 
periods due to the origin and atmospheric conditions, the higher values were marked in the 
warm season and lower values in cold season. Moreover, the result of Clustering analysis 
provides valuable information about type of air masses arriving to Granada during the sampling 
period. Finally, PSCF and CWT models indicate that the main source areas of 7Be are located 
in basin Mediterranean, southeastern France, northwest Africa Atlantic ocean in Morocco 
(Canary Islands). 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

During the past decades, the shrimp sustainable industry has gained great importance in the 
world and showed tangible progress, as well as contributed to increasing aquaculture 
production. The increasing global interest in sustainable shrimp farming is attributed to the 
important economic role it plays in supporting the food security strategy, providing a high-
value protein source, in addition to the increasing demand for it in the global markets, and its 
good marketing price. The growth of the green economy and sustainable production are the 
main factors driving the growth of organic shrimp farming activities [1]. Many shrimp-
producing countries are making sincere efforts to comply with the concept of responsible 
aquaculture due to rapid expansion and growing awareness of the negative impacts of shrimp 
farming practices on the environment and its own production. Good Aquaculture Practices 
(GAP) are increasingly being developed and implemented to improve biosecurity, increase cost 
efficiency, reduce chemical residues, and increase traceability [2]. A substantial portion of the 
overall fisheries and aquaculture harvest is wasted globally, approximately about 35 percent of 
the total production [3].  

In shrimp aquaculture, the shrimp shells are representing a large portion of the total waste 
during the moulting process in shrimp production stages or during the processing of harvested 
shrimps through removing the shells and heads by shrimp producers or by the end-user before 
cooking. Large quantities of shells wastage generated by the shrimp aquaculture industry are 
considered one of the most important ecological challenges, through their accumulation in the 
environment with a slow rate of degradation in the long-term concern which can lead to cause 
significant environmental impacts [4] and increase the ecological footprint produced by the 
shrimp aquaculture industry. Dumping and burning of shrimp shells are the most common non-
eco-friendly ways of disposal.  

The shrimp shells have low economic value by using them as animal feed, however, they are 
rich in protein, minerals, and chitin. Alternatively, this waste can be used to produce chitin and 
its derivative chitosan which has a high economic value with low production cost [5]. One of 
the most economically valuable scenarios is to extract chitosan from shrimp shells, which turns 
shrimp shells from useless waste into economic wealth represented in chitosan as a 
commercially important product with a wide range of applications.  

mailto:Ahmed.Hosney@lammc.lt
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Chitosan is a natural biopolymer with biocompatibility, biodegradability, free toxicity which 
can enter in different sustainable economic activities such as food, pharmaceuticals, medicine, 
cosmetics, agriculture, textiles, pulp, and paper, biotechnology, environmental chemistry, and 
wastewater treatment industries to be a viable environmentally friendly option for shell 
remediation. In recent years, scientific research on the recovery of chitosan as a valuable 
material from shrimp shells has been raised to mitigate the ecological footprint caused by the 
aquaculture industry [6]. Chitin is considered the second most abundant natural polysaccharide 
after cellulose, present in the exoskeletons of crustaceans, crab, insects, and fungi [7]. Chitosan 
is a chitin-partially-deacetylated derivative made up of ß-(14)-linked N-acetyl-D-glucosamine 
homopolymers with three polymorphic conformations (α, β and γ) according to the source of 
extraction, while chitin is distinguished by its acetyl group. Chitosan has a high molecular 
weight that resembles cellulose. The main differences between chitosan and cellulose are that 
chitosan has an amine (-NH2) group in position C-2 rather than the hydroxyl (-OH) group found 
in cellulose, moreover that chitosan has no plant origin like cellulose [8].  

In recent studies chitosan is represented as a highly adaptable and promising active biopolymer. 
Despite its biodegradability, it can be chemically modified to produce derivatives because it 
has a free amino group which is the most useful chitin derivative with a variety of biomedical 
applications. These derivatives are simple to manufacture and commercially available. Chitin 
and chitosan have numerous applications in the pharmaceutical industry, tissue engineering, 
water treatment, agriculture, cosmetics, anti-tumour, and anti-microbial agents [9].  

The main objective of this paper is to review and to analyse the recent literature on the chemical 
extraction of chitosan from shrimp wastes. Shrimp shells can be obtained daily through shrimp 
production from open ponds, indoor farms, or fish markets, then they are washed, dried, grinded 
to powder and then chemical treatments (Demineralization, Deproteinization, and 
Decolourization) are conducted to obtain chitin. Then chitosan can be obtained by deacetylation 
of chitin. Demineralization process whereas the shrimp shells are treated by an acidic solution 
of HCl, while in deproteinization, the alkaline solution of NaOH is added to the shells under 
specific temperature at a specific period, then decolourization process is taken place to obtain 
colourless or white chitin. The final chemical process to convert chitin into chitosan is 
deacetylation under the effect of an alkaline substance. Detailed procedures of 
demineralization, deproteinization, decolourization, and deacetylation processes of different 
articles will be discussed and reviewed in this paper. The data will be obtained from a literature 
review of chemical extraction chitosan will be analysed to show the variety of chemical 
extraction techniques and the most usable chemicals of each stage of chitosan extraction from 
shrimp shells. 

METHODS 

This paper has been designed to review, report and to study the recent obtained articles and 
research on the chemical synthesis of chitosan from shrimps’ shells by the following 
methodology: 
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RESULTS 

The results of review and analysis of recently published literature on the chemical synthesis of 
chitosan from shrimp wastes will show the different recovery methods and stages 
(Demineralization, Deproteinization, Decolourization, and Deacetylation) of chitosan from 
shrimp shells. The different concentrations of chemicals and conditions used in different 
research papers to recover chitosan from shrimp shells will be demonstrated. 

CONCLUSIONS 

Chitosan is a natural bio-polymer characterized with free toxicity, biocompatibility, and 
biodegradability, with a variety of medical, agricultural, and industrial applications. This paper 
reviewed and reported the chemical synthesis of chitosan from shrimp shells due to its 
importance to convert useless shrimp shells to an economically-valued substance (chitosan) and 
to mitigate the environmental impacts caused by non-environmentally discharging actions of 
shrimp wastes. Detailed data of the chemical extraction parameters (Demineralisation, 
Decolourization, Deproteinisation, Deacetylation phases, stirring, and temperature and time 
conditions) of chitosan conducted by various scientific researchers have been analysed. This 
paper will give indications and insights to optimize more eco-friendly methods of extraction of 
chitosan from shrimp shells in Lithuanian and EU shrimp farms in order to reduce ecological 
footprint results from this aquaculture sector. 

Keywords: (Shrimp shells, Chemical extraction, Chitin, Chitosan). 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Wheat (Triticum aestivum) is one of the main grain food sources for human consumption and 
globally is cultivated in regions of diverse climate, soil types, and latitudes [1]. According to 
the Lithuanian department of statistics [2], spring wheat was the second most popular 
agricultural cereal crop after winter wheat in 2021. The area sown with spring wheat increased 
by 11% in 2021 as compared to 2020. This shows the need for this plant. 

There are probably no plant species that are not affected by harmful organisms. The most 
economically important wheat leaf diseases that constitute a major constraint to wheat 
production globally are tan spot (Pyrenophora tritici-repentis), septoria leaf blotch 
(Zymoseptoria tritici) [3, 4, 5, 6], and powdery mildew (Blumeria graminis) [4, 5, 7]. Septoria 
leaf blotch is heavily researched [8], while tan spot has been less intensively studied, and its 
occurrence and degree of crop losses are less understood [9]. A. F. Justesen [9] with other 
researchers proposes that farming practices such as tillage methods, spring or winter crops, and 
adaptation to specific climate are the main drivers determining which of the fungi diseases 
becomes dominant when mixed infections are evident. 

In 2020, the European Commission published a new biodiversity strategy that aims to halt the 
loss of biodiversity by 2030 [10], setting concrete goals for Europe. For example, the use of 
chemical and hazardous pesticides and their risks must be decreased by 50%. Hence, reducing 
the use of chemical and hazardous plant protection products is one of the key objectives of 
European Union agricultural policy.  

Agriculture is increasingly affected by global climate change, which is one of the defining 
issues of the early 21st century. Sowing methods are one of the management options that also 
influence the effects of future climate change on plant-pathogen interactions [11]. This study 
focuses on low-cost and environmentally safe disease control in wheat through the choice of 
sowing date and seeding rate. This approach is particularly valuable and useful as it informs 
about future possibilities to reduce the risk of fungal diseases of wheat. How to protect crops 
from disease without damaging nature is the main problem in crop protection control today. 
These factors need to be fully analyzed and investigated to reduce crop production's 
vulnerability to ongoing climate change. This may change future wheat fungal disease risk 
modeling in cases where pathogens adapt to changed environmental conditions. 

mailto:agne.lukosiute@lammc.lt
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This study aimed to compare the susceptibility of spring wheat to fungal disease when sown at 
different sowing times and rates. 

METHODS 

A multifactor field experiment was carried out at the experimental field of the Institute of 
Agriculture of Lithuanian Research Centre for Agriculture and Forestry in 2021. Three seeding 
rates (400, 500, and 600 viable seeds m-2) and three sowing times (early, optimal and late) were 
tested. Tan spot (Pyrenophora tritici-repentis) occurred in spring wheat and was the main 
disease. The severity evaluation of the disease was done in growth stages at BBCH 37–41, 59–
65, 75 according to the methods described in the European and Mediterranean Plant Protection 
Organization (EPPO) standard (PP1/26(4), 2012). The diseased leaf area was visually assessed 
on all green leaves of 10 randomly selected main tillers per plot. Disease assessments were 
performed on the background of natural infection. The spring wheat experiments were set up 
in 4 replications. The replicate blocks were arranged in four blocks in a compact near-square 
rectangular plot. Full randomization was used in the trials. Duncan’s test was used to compare 
the means of disease severity with a significance level of p ≤ 0.05. 

RESULTS 

June and July of 2021 were the hottest months of the year also dangerous rainfall events were 
recorded in these months, with some areas receiving no rainfall at all and others receiving the 
heaviest rainfall, creating the most favorable conditions for the spread of the tan spot. Tan spot 
infection in spring wheat was severe in 2021. The severity of tan spot at the stage of 
development flag leaf appearance-beginning of booting (BBCH 37–41) on the third leaf was 
similar at all sowing dates but was higher in the more dense crops (500 and 600 seeds m-2) 
compared to the fields sown at the lowest sowing rate (400 seeds m-2) on the second and third 
leaves (Figure 1). At the end of the heading flowering stage (BBCH 59–65), the tan spot 
infection in the plots at late sowing time was much higher than early and optimal sown plots 
(Figure 2). In early, optimal and late time sown plots tan spot severity at milk ripening stage 
(BBCH 75) on the second leaves was similar, but the flag leaves were less affected in the plots 
sown at the lower seeding rate (400 and 500 seeds m-2) compared with the plots sown at the 
highest seeding rate (600 seeds m-2) (Figure 3). 

The weather conditions are one of the main factors that largely determine the occurrence of 
fungal diseases. Warmer temperatures favor most fungal species up to their upper-temperature 
threshold [12]. Conditions considered favorable for infections of tan spot disease include 
continuous precipitation or high levels of humidity (> 90%) for several hours (> 4 h) [13]. 
Temperature also plays an important role in tan spot development. The severity of the tan spot 
was positively correlated with temperature, with an optimum between 18 to 28 °C depending 
on the variety used [14]. 

According to Anne-Grete Roer Hjelkrem [15] and other researchers, the dynamic host-pathogen 
interactions over different phenological stages lead us to hypothesize that different weather 
variables can affect leaf blotch disease development at different growth stages in the spring 
wheat development as well. 
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Fig. 1. The effect of sowing time and seeding rate on tan spot (Pyrenophora 

tritici-repentis) severity in spring wheat at growth stage BBCCH 37–41 in 
2021. Columns with the same letters do not differ at p ≤ 0.05 

 

Fig. 2. The effect of sowing time and seeding rate on tan spot (Pyrenophora 

tritici-repentis) severity in spring wheat at growth stage BBCCH 59–65 in 
2021. Columns with the same letters do not differ at  p ≤ 0.05 
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Fig. 3. The effect of sowing time and seeding rate on tan spot (Pyrenophora 

tritici-repentis) severity in spring wheat at growth stage BBCCH 75 in 
2021. Columns with the same letters do not differ at  

p ≤ 0.05 

CONCLUSIONS 

The results of the study suggest that tan spot infection in spring wheat was severe in 2021 and 
tan spot severity was higher in the late sown crop than in the early and optimum sown crop and 
there was a tendency for the dense crop to have a slightly higher tan spot severity than the 
thinner crop. 

Keywords: tan spot, spring wheat, sowing time, seeding rate, a fungal disease. 
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ABSTRACT 

In order to reach a pollution-free environment, firstly, the sources contributing to this 
pollution must be identified. The present study is part of radiological monitoring in the 
atmosphere. Therefore, we aimed to investigate the influence of air masses on the  
activity concentrations of gross alpha and beta in aerosols at the surface level of the 
Cantabria region, Spain (43°19'12"N,4°3'35.9994"W), in order to identify their source 
regions. Simultaneous measurements of the gross alpha and beta on airborne have been 
routinely carried out at the sampling site from 01 January 2014 to 31 December 2015. 
The air masses back-trajectories were generated by Hybrid Single-Particle Lagrangian 
Integrated Trajectory (HYSPLIT) and analyzed using Cluster Analysis, trajectory-
based source-receptor models: potential source contribution function (PSCF) and 
concentration weighted trajectory (CWT). The results of the study showed that there 
is a strong relationship between the air masses coming from the southern cluster (500m 
and 1500m) which contains slow air masses rich in radioactive aerosols. These air 
masses come from areas where there is a significant amount of uranium in the ground. 
Which indicates that the concentrations of gross alpha and beta present in the air of 
Cantabria due mainly to the presence of radon gas descendants from these areas. 
Furthermore, the principal geographical source regions of gross alpha and beta were 
found in the continental region of Spain. 

Keywords: Gross alpha and beta, Aerosols, Clustering, Source-receptor models. 
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INTRODUCTION 

Since the birth of the Universe, radioactivity has been present in all matter, everything is 
naturally radioactive: the soil, the atmosphere and water …Moreover, industrial and human 
activities using radioactive substances cause the release of radionuclides into the environment. 
It is important to monitor and study the fate of these radioactive substances in the environment, 
in order to know their possible impact on human health. A large fraction of the radioactivity 
present in the aerosol samples is due to the radon gas 222Rn and 220Rn. These gases can escape 
from soil and rocks, through the disintegration of 232Th and 238U, into the earth's atmosphere, 
where the subsequent decay products interact with atmospheric gases and aerosols to form 
radioactive aerosol particles [1]. The radioactivity of aerosol samples depends on the sampling 
location, i.e., longitude and latitude, height, time of year and meteorological variables: 
temperature, pressure, wind direction, precipitation, etc [2]. And, several studies show the 
significant impact of air masses and their trajectories on air quality in a specific region. In this 
study we will analyze the air masses back-trajectories using cluster analysis and some source-
receptor models in order to identify the sources of gross alpha and beta activity concentrations 
in the atmosphere of Cantabria. 

METHODS 

Gross alpha and beta activities were measured monthly in the Laboratory of Radiochemistry 
and Environmental Radiology of the Department of Inorganic Chemistry of Santander-
Cantabria (Spain) during 2014-2015. Cantabria is located in northern Spain 
(43°19'12"N,4°3'35.9994"W), it presents oceanic climate conditions [3], the climate is 
temperate oceanic, cool and humid on the coast than the rest of the country due to the influence 
of the Atlantic Ocean. The method used to collect particles emitted into the atmosphere consists 
of collecting the aerosols through a filter adapted to a vacuum cleaner. Samples were taken 
weekly, passing air through the filter for 24 hours a day, and the stations operate 7 days a week. 
This process was repeated all year round, which allows us to perform temporal 
phenomenological monitoring. Gross alpha and beta activities were measured using the TRI-
CARB 1500 liquid scintillator spectrometer. To generate back-trajectories of air masses 
arriving to Cantabria during the sampling period, we used Hybrid Single-Particle Lagrangian 
Integrated Trajectory (HYSPLIT) model, which developed by the National Oceanic and 
Atmospheric Administration (NOAA) Air Resources Lab (ARL). And we used, as input, the 
Global Data Assimilation System (GDAS1) data with a horizontal resolution of 1°, which 
corresponds to 100 km×100 km [4]. The back-trajectories of the air masses have calculated 4 
times per day (every 6 hours), during the period between 01/01/2014 until 31/12/2015 for three 
altitudes: 500, 1500, and 3000 m. 

In this study. We used clustering analysis, potential source contribution function (PSCF) and 
concentration weighted trajectory (CWT) models to obtain information on the relationship 
between origins and trajectories of air masses and the concentrations of alpha and beta in the 
atmosphere in Cantabria. Clustering is a statistical method which aims to divide the trajectories 
into homogeneous sub-groups called clusters, and we count on the Euclidean distance to 
distinguish between trajectories. This analysis was applied using the software Hysplit.[5] 
 𝒅𝒎𝒊 = √∑ (𝒍𝒂𝒕𝒎𝒌 − 𝒍𝒂𝒕𝒊𝒌)𝟐 + (𝒍𝒐𝒏𝒎𝒌 − 𝒍𝒐𝒏𝒊𝒌)𝟐

𝒏
𝒌=𝟏  (7) 

 𝐶𝑆𝑉𝑚 = ∑ 𝑑𝑚𝑖
𝑐
𝑖=1 ; (2) 

 𝑇𝑆𝑉 = ∑ 𝐶𝑆𝑉𝑚
𝑁
𝑚=1 ,  (3) 
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where, dmi is the Euclidean distance between the ith trajectory and the cluster-mean (m), n is the 
number of endpoints in a trajectory or the length of trajectories, lon and lat are the longitude 
and latitude values, respectively, at the endpoints (m,k) and (i,k). CSVm is the cluster spatial 
variance for the mth cluster, c is the number of trajectories in the cluster m. TSV is the total 
spatial variance and N is the number of clusters.  

This method of clustering is iterative, initially, the number of clusters equal the number of 
trajectories. At each iteration, we provisionally merge two clusters and we calculate TSV for 
this case, and we test that on all the possible combinations, finally, we definitely merge the 
couple which gives us the minimum value of TSV. So, the number of clusters decreases by one. 
The iterations continue until the last two clusters are combined, resulting all the trajectories in 
one cluster. The change in the Total Spatial Variance (TSV) as the trajectories are merged into 
one cluster will be used to decide the optimum number of clusters for each altitude. [2] 

PSCF and CWT models divide the map into small cells. PSCF calculates the conditional 
probability that a cell is a source of concentration of alpha or beta above a criterion: 
 𝑃𝑆𝐶𝐹 =

𝑚𝑖𝑗

𝑛𝑖𝑗
, (4) 

such that mij is the number of endpoints of trajectories located in the cell(i,j) corespondant to a 
concentration higher than a value criterion. And nij is the total numbre of endpoits in the same 
cell [6]. And CWT calculates the average concentration contribution of each cell in the grid: 
 𝐶𝑖𝑗 =

1

∑ 𝜏𝑖𝑗𝑙
𝑀
𝑙=1

∑ 𝐶𝑙
𝑀
𝑙=1 𝜏𝑖𝑗𝑙, (5) 

where Cij is the average weighted concentration in a grid cell (i.j), M is the number of endpoints 
in the the cell (i,j) and Cl is the concentration corresponding to each endpoint.[7] 

RESULTS 

In this section, we will present and analyse the results obtained in this work. We will study the 
impact of the air masses, arrived to Santander-Cantabria (Spain), on the concentation of gross 
alpha and beta activities measured during 2014-2015, and try to identify some areas that are 
likely to be a source of alpha and beta. 

Evolution Of The Concentration Of Gross Alpha And Beta 

Gross alpha and beta activities were measured monthly in Cantabria during the sampling period, 
so that the minimum values of gross alpha and beta concentrations were 2.26.10-5 ±4.45.10-6 
Bq/m3 and 15.82.10-5 ±7.38.10-6 Bq/m3 respectively, the both are measured at feb 2014, the 
maximum values were 12.03.10-5 ±8.42.10-6Bq/m3 for alpha and 82.125.10-5 ±1.325.10-5Bq/m3 

for beta are measured at Dec 2015. The mean value of concentraion of gross alpha activity is 
5.37.10-5 Bq/m3 with standard deviation of 2.87.10-5 Bq/m3and for beta, the mean value is 
38.04.10-5 Bq/m3and standard deviation equal 17.16.10-5 Bq/m3. The figures 1 and 2 present the 
monthly variation of average concentrations of alpha and beta activities during the sampling 
period. 
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Fig. 1.  Monthly variation of average concentration of beta activity 

 

Fig. 2.  Monthly variation of average concentration of alpha activity 

Clustering Analysis 

Using HYSPLIT, we calculated the back-trajectories of the air masses to know their origins and 
trajectories 72 hours before their arrival in Cantabria, 4 times per day (every 6 hours), during 
the period between 01/01/2014 until 31/12/2015 for three altitudes: 500, 1500, and 3000 m. 

The calculated back-trajectories of air masses for each altitude have divided, by clustering 
analysis using Hysplit, to sub-groups or clusters. The figure 3 shows the clustering of air masses 
and the monthly frequencies of clusters at each altitude: 500, 1500, 3000m. As seen in Fig. 3, 
we have considerate 4 clusters at low altitude (500 m): North (N), fast North-West (fNW), slow 
South (sS), West (W), 5 clusters at intermediate altitude (1500 m): North-West (NW), fast 
North-West (fNW), south(S), West (W), North (N), and 5 clusters at high altitude (3000 m): 
West (W), fast North-West (fNW), North-West (NW), Local (L), South-West (SW). Here is a 
description of these clusters: 

 The northern cluster (N) consists of continental air masses originating in Europe as well 
as polar marine air masses. These air masses are riche in maritime aerosols and could 
be identified as marine modified. This cluster is observed at the following altitudes: 
28% at 500m and 15% at 1500m.  
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 The western cluster (W) is formed by tropical maritime air masses generated over the 
Atlantic Ocean, which have a strong maritime aerosols concentration, its contribution 
was 21% at high altitude (3000m), 17% at low altitude (500m) and 14% at altitude 
(1500m). 

 Northwest clusters, fNW and NW, contain two kinds of air masses, the first represents 
some fast air masses generated in North America of continental origin which accounting 
for 14% at 500 m, 22% at 1500m. The second represent the polar maritime air masses 
coming from the North Atlantic, this cluster contribute by 18% at 1500m altitude and 
20% at 3000m altitude without any contribution at low latitude(500m).  

 The Southwest cluster (SW) combines maritime tropical air masses and others 
continental that cross north Africa and Spain to reach to Cantabria. It has only identified 
at high altitude (12% at 3000 m). 

 The southern clusters S and sS contain short slow continental air masses generated on 
the Iberian Peninsula. Which will allow them to take the characteristics of the areas they 
pass through as well as transport the aerosols from these areas to cantabria. S appears at 
1500m altitude with a contribution of 30% and sS appears at 500m altitude with a 
contribution of 41%. 

 

Fig.3. clustering of air masses and the monthly frequencies of clusters at 
each altitude: 500, 1500, 3000m. 

After comparing the monthly frequencies of clusters at each altitude represented in the Fig.3 
with the monthly variation curves of the average concentrations of gross alpha and beta (Figs. 1 
and 2), we notice that the concentration of alpha and beta variate in the same way with the 
clusters S and sS. Months, where there is a large proportion of S or sS, show an increase in the 
concentrations of alpha and beta, and vice versa. Which suggests that there is a strong 
relationship between the clusters S and sS and the measured concentrations. The Fig. 4 shows 
the European map of uranium in soil. In this figure we notice that the clusters S and sS comes 
from regions rich in uranium in the soil. So, the origin of the gross alpha and beta concentrations 
in the Cantabria region is mainly explained by the presence of the descendants of radon gas 
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transported from the continental region of Spain rich in uranium to Cantabria by the clusters 
(S-sS). 

 

Fig. 4. The European map of uranium in soil [8]. 

PSCF and CWT analysis have applied to locate geographical areas that can be considered as 
sources of high concentrations of gross alpha and beta activities, PSCF and CWT analysis 
results for alpha and beta at: 500, 1500 and 3000 m altitude are shown in the Fig. 5, each color 
indicates the contribution of the zones to the concentration of alpha and beta activities in 
Cantabria. 

PSCF and CWT highlight the source regions that affect the concentration of gross alpha and 
beta activities of samples (Cantabria). Also, we note that most of the areas considered as a 
strong source of gross alpha and beta are located in the continental region of Spain. Most of the 
region sources highlighted by PSCF and CWT, are granitic areas containing large amounts of 
uranium as illustrated in the European map of uranium in soil provided by National Competent 
Authorities and National Laboratories in European countries, as well as literature references 
(Fig. 4). So, they are rich in the descendants of radon gas attached to aerosols that can be 
transported to Cantabria. The lowest gross alpha and beta activities concentrations are generally 
in the Atlantic Ocean, which collects maritime polar air masses. The PSCF and CWT analysis 
results complete the clustering study results, they are compatible. 
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Fig. 5.  PSCF and CWT analysis results for alpha and beta at: 500, 1500, 
3000 m.  

CONCLUSIONS 

 The air masses of the southern cluster (S-sS) of continental origin carry different types 
of radioactive aerosols rich in alpha and beta emitters during their passage from southern 
Spain to reach Cantabria. 



560 
 

 The results of PSCF and CWT analyzes show that the most intense source regions of 
gross alpha and beta activity are mainly found in the continental region of Spain, which 
contains soils rich in uranium. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Various biotic and abiotic factors can influence the performance of heavy metal microbial 
biosorption and can have not only individual but also cumulative effects on the process [1]. To 
evaluate the factors effects as well as to optimize the biosorption process, the experimentally 
obtained data can be empirical modelled and optimized using the design of experiments method 
(DOE) [1,2]. According to Wass [3] througt the DOE the relationship between the influencing 
factors and the output of a specific process can be established. The first step in applying the 
DOE consists in data screening in order to identify the important factors, followed by response 
surface methodology (RSM) application with the purpose to define the optimal space and 
finally the model validation [2,3]. Therefore, in this study we used DOE method for empirical 
modelling and optimization of Cd(II) and Cr(VI) removal from aqueous solutions by 
Trichoderma viride dead biomass.  

METHODS 

The empirical modelling and optimization of Cd(II) and Cr(VI) biosorption by Trichoderma 

viride was performed with Minitab 17 statistic software package. The magnitude of individual 
and combined effects of the pH, biosorbent dose, contact time, initial concentration and 
temperature on process efficiency was established by application of factorial design and the 
importance by the analysis of variance (ANOVA). Through RSM was generated the 
mathematical equation that best describes the relationship between the contact time, the initial 
concentration of ions in solution and the temperature at which the process takes place, which 
was subsequently used to establish the optimal conditions at which the highest performances 
are reached. The concordance between experimental data and the statistical models was 
established based the coefficient of determination values (R2) and the factors statistically 
importance based p value (95% confidence interval). The biosorption performance of Cd(II) 
ions was evaluated in the range of 4-7 for pH, 1-10 g/L for biosorbent dose, 25-500 mg/L for 
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initial concentration, considering 72 hours maximum contact time and temperature between 25 
and 50oC. For Cr(VI) biosorption the pH was varied between 1 and 4, the initial concentration 
between 25 and 250 mg/L and maximum contact time was 480 hours, considering the same 
ranges of variation for biosorbent dose and temperature as for Cd(II) biosorption. 

RESULTS 

The magnitude and importance of the individual and cumulative effects of the factors was 
highlighted by Pareto chart of the standardized effects (Fig. 1). According to this graph, for 
example, the variation of pH, biosorbent dose and the initial ion concentration in solution have 
significant individual effects on Cd(II) biosorption efficiency and the biosorbent dose and 
temperature on Cr(VI) biosorption. The result of empirical modelling of the experimental data 
through RSM showed that the relationship between the contact time, the initial concentration 
of ions in solution, the temperature and Cd(II)/Cr(VI) biosorption efficiency is better described 
by a second polynomial equation. The coefficient of determination values (R2) are 84.67% for 
Cd(II) biosorption, respectively 90.47% for Cr(VI) biosorption, which means that the 
mathematical equations generated by RSM explain with high accuracy the variability of the 
response data around its mean. 

  

(a) (b) 
Fig. 1. Pareto chart of the standardized effects of the tested parameters on 

(a) Cd(II) and (b) Cr(VI) biosorption by Trichoderma viride 

CONCLUSIONS 

The results of this study have shown that DOE method is useful both in identifying the factors 
that significantly influence the biosorption efficiency and in optimizing the process. RSM 
provided a good quality prediction of Cd(II) and Cr(VI) biosorption efficiency for three 
independent variables (initial concentration, contact time and temperature). 

Keywords: biosorption, design of experiments method, process screening, Trichoderma viride 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Every year more and more maize are being grown and it is mainly used for farm animal feed 
and secondarily for human food and biomass [1]. Unfortunately, maize is often infected by 
Fusarium fungi, which can produce mycotoxins [2]. One of the many dangerous mycotoxins is 
zearalenone (ZEA) [3]. Once ingested, it is immunotoxic, hepatotoxic and hemotoxic, also it 
causes estrogenic syndrome. For males it results in negative effect on testosterone synthesis and 
spermatogenesis and for females it results in false heat and abortion [3, 4, 5]. Therefore, Europe 
Commission Recommendation and Regulation defines the biggest concentration levels for ZEA 
in maize: in animal feed it is recommended not to exceed 3000 µg/kg, in products intended for 
human consumption concentration must not exceed 200 µg/kg and in maize snacks and 
breakfast cereals 50 µg/kg [6, 7]. There is a lack of information about maize grains 
contamination with ZEA while growing in Lithuania. Therefore, the aim of this study was to 
investigate whether maize grain harvest time has an impact on ZEA concentration and maize 
nutrient composition. 

METHODS 

Two maize hybrids were sown: Duxxbury and Lapriora. A total of 24 samples were collected 
in the experimental fields of the Lithuanian Research Centre for Agriculture and Forestry in the 
autumn of 2021. Samples were taken at three different time points: the first time at physiological 
maturity (BBCH 87), the second time 10 days and the third time 20 days after the first harvest. 
All collected samples were stored in a freezer at -18°C until analysis. 

The main nutrient components (dry matter (DM), starch, crude protein (CP), crude fat, crude 
ash (CA), and crude fiber (CF) were determined in the chemical research laboratory using 
reference chemical methods: Kjeldahl, gravimetric, polarimetric methods. 

ZEA concentrations were determined using an enzyme-linked immunoassay (ELISA) method. 
Special commercial kits (RIDASCREEN®FAST for ZEA Art. No.: R5502) were used. The 
lower limit of detection (LOD) for zearalenone is 17 µg/kg.  

Means, standard errors, and statistical significancy were calculated using IBM Statistics 25. 
One-way analysis of variance (ANOVA) was used to detect statistically significant differences. 
Means were compared using the Duncan’s multiple range test (P<0.05). 

mailto:Eimantas.Venslovas@lammc.lt
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RESULTS 

The concentration of ZEA did not change statistically significantly during all harvests in the 
grains of Lapriora hybrid (Fig. 1). ZEA concentration did not differ significantly between the 
first and the second harvest in the grains of Duxxbury hybrid, but it was several times higher in 
the third harvest. Compared to the first and the second harvests ZEA concentrations were 4 and 
15 times higher, respectively. Compared to the third harvest of Lapriora hybrid concentration 
was 7 times higher. 

It was determined that DM in Lapriora hybrid increased with each harvest from 86.2 % to 
88.4 % (Table 1). In the second harvest the content of crude fat increased by 6%, and in the 
third harvest CP and CA increased by 6 % and 11 % in DM, respectively. The DM content of 
the Duxxbury hybrid increased significantly from 85.2 % to 87.3 % only after the second 
harvest, but in contrast to the Lapriora hybrid, the content of certain substances decreased: CF 
and CA decreased by 21 % and 25 % in DM, respectively (Table 2). Other nutrient components 
had no statistically significant changes.  

 

Note. Different letters indicate statistically significant differences between means. 

Fig. 1.  ZEA concentration changes in hybrid grains at different harvest 
times. 

Table 1. Nutrient composition of Lapriora hybrid grains at different harvest times 

  DM, 
% 

CP, % in 
DM 

Crude 
fat, % in 

DM 

CF, % in 
DM 

CA, % in 
DM 

Starch, 
% in 
DM 

Lapriora 1st 
harvest 86.2a 11.05a 4.63a 3.08a 1.35a 73.5a 

Lapriora 2nd 
harvest 87.8b 11.45ab 4.93b 3.15a 1.34a 74.7a 

Lapriora 3rd 
harvest 88.4c 11.70b 4.81b 3.53a 1.50b 73.6a 
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Table 2. Nutrient composition of Duxxbury hybrid grains at different harvest times 

  DM, 
% 

CP, % in 
DM 

Crude 
fat, % in 

DM 

CF, % in 
DM 

CA, % in 
DM 

Starch, 
% in 
DM 

Duxxbury 1st 
harvest 85.2a 10.06a 3.04a 3.73b 1.55b 77.4a 

Duxxbury 2nd 
harvest 87.3b 9.88a 2.95a 2.93a 1.16a 77.4a 

Duxxbury 3rd 
harvest 87.6b 10.05a 3.00a 2.96a 1.17a 78.3a 

Note. Different letters in tables indicate statistically significant differences between the means in the same column. 

CONCLUSIONS 

ZEA concentration increased several times in the Duxxbury hybrid after the third harvest 
compared to the other hybrid and the rest of the harvests. Delay in harvest showed DM increase 
in both hybrids. However, while there was an increase in some components in Lapriora, it was 
the opposite for Duxxbury. 

Keywords: zearalenone, nutrient composition, harvest time 
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ABSTRACT 

Nanoplastics (NPs) are defined as plastic particles less than 100 nm in diameter. NPs 
are anthropogenic pollutants whose amounts in aquatic ecosystems have yet to be 
quantified, raising concerns about their toxicity to living organisms. In this study the 
effects of polystyrene (PS) NPs on larval stage Oncorhynchus mykiss were assessed 
using erythrocytic nuclear abnormalities and red blood cells morphometry assays. Fish 
were subjected to 1000 µg/L PS NPs (PS1000) for 32 days. The formation of 
micronuclei (MN), nuclear buds (NB), nuclear buds on filament (NBf), blebbed nuclei 
(BL) cells were assessed as genotoxicity endpoints, and 8-shaped, bean-shaped nuclei, 
fragmented apoptotic (FA) and bi-nucleated (BN) cells as cytotoxicity endpoints. For 
erythroblast morphometry assay photomicrographs of O. mykiss erythroblasts were 
evaluated using ImageJ 1.52av software. Analyzed morphometric variables were used 
to measure size and shape associated differences in cellular and nuclear parameters 
separately. Data analysis was performed using R software (version 4.1.1). Significant 
increases in genotoxicity (MN + NB + NBf + BL) (PS1000 by 729 %) and cytotoxicity 
(8-shaped + bean-shaped + FA + BN) ( PS1000 by 850 %) were detected when 
compared to the control. The investigation of potential relationships between measured 
erythroblast morphometry endpoints using principal component analysis (PCA) 
yielded two principal components (PCs) which explained 74% of the total variance. 
Afterwards, PCA was done in control and PS1000 groups separately to explore 
treatment induced differences. The results of this study show that polystyrene 
nanoplastics adversely affect fish at the larval stage of development, report genotoxic, 
cytotoxic effects, and provide information to establish NPs environmental 
consequences.  

This research was funded by the Research Council of Lithuania, Project No. S-MIP-
21-10, MULTIS. 

Keywords: nanoplastic, ecotoxicology, nuclear abnormalities assay, erythroblast 
morphometry. 
  

mailto:agne.bucaite@gamtc.lt


568 
 

INTRODUCTION 

Plastics are an essential yet mostly unseen component of our daily life. Plastic waste is common 
in nearly all aquatic environments as a result of the high production and single-use nature of 
many products [1]. Plastic debris present in the environment is classified into two main types: 
macroplastics and microplastics (MPs) [2]. Moreover, the term "nanoplastic" (NP) is newly 
introduced as the definition of NP is still being debated. Several studies have established the 
upper size limit at either 1000 nm or 100 nm [3]. Over the last two decades, there has been a 
growing awareness of the environmental concerns posed by artificial nanomaterials. It has been 
observed that they can cause genotoxicity, cytotoxicity in fish [2] as well as other adverse 
effects in different marine animals [4]. Laboratory studies suggest that smaller NP can enter 
internal organs (brain, liver, and heart), whereas bigger (>200 nm) NP concentrate mostly in 
the digestive track, gills, and skin [5]. Thus, the goal of this study was to examine genotoxic, 
and cytotoxic effects of PS NPs on larval stage rainbow trout (Oncorhynchus mykiss, Fig. 1). 
Researching the effects of pollutants on early life stages is essential because of the 
developmental stress hypothesis which explains how early life stress affects later-life 
performance and thus how anthropogenic waste influence the welfare of populations, and 
eventually ecosystems [6]. 

METHODOLOGY 

Animals And Experimental Design 

Eyed stage embryos of rainbow trout (O. mykiss Walbaum, 1792) were obtained from hatchery 
in Trakų Vokė (Lithuania). After acclimatization to laboratory environment under controlled 
light and temperature (7.5°C), embryos were transferred to the experimental system. The 
system was filled with fresh, constantly aerated water. Because rainbow trout larvae feed 
endogenously, they were not fed during the experiment. This species was selected as 
experimental model because of its ecological and economic importance as well as it had been 
already used in various studies regarding environmental toxicology [7] [8] [9] [10]. Trout is 
one of the most widely distributed fish species on the planet and the vast range of its occurrence 
is due to its excellent acclimation characteristics, which include quick growth [11]. 

 After 32 days of exposure to 1000 µg/L PS NPs (25 nm), blood samples were collected of the 
treatment (NPs-exposed) group and from the same number of individuals of the control (CTRL) 
group. Whole-blood samples were taken by heart puncture and smeared on a microscope slide. 

 

Fig. 1.  Experimental animal – larval stage rainbow trout (Oncorhynchus 

mykiss). 
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Erythrocytic Nuclear Abnormalities Assay 

For nuclear abnormalities assay air-dried blood smears were fixed in ethanol for 10 min and 
stained with 10% Giemsa solution in phosphate buffer (pH = 6.8) for 60 min. The stained slides 
were analysed under bright-field Olympus BX51 microscope (Tokyo, Japan) using an 
immersion 1000× objective. The formation of micronuclei (MN), nuclear buds (NB), nuclear 
buds on filament (NBf), blebbed nuclei (BL) cells were assessed as genotoxicity endpoints (Fig. 
2), and 8-shaped, bean-shaped nuclei, fragmented apoptotic (FA) and bi-nucleated (BN) cells 
as cytotoxicity endpoints (Fig. 3). Criteria by Fenech et al. [12] were used to identify 
morphological characteristics of the analyzed nuclear anomalies, and Baršienė et al. [7] 
provided a detailed description. Briefly, the following characteristics were used to categorize 
MN: (1) non-refractory round and ovoid-shaped particles in the cytoplasm, (2) chromatin-like 
hue and structure, (3) dimension of 1/3–1/20 of the main nucleus, (4) particles fully detached 
from the main nucleus (Fig. 2A). NB are extruded nuclear material that resembles a MN and 
has a nucleoplasmic bridge to the main nucleus that can be narrow or defined (Fig. 2B). Early-
stage FA cells had chromatin condensation within the nucleus and intact cytoplasmic and 
nuclear perimeter, whereas late-stage apoptotic cells had nuclear fragmentation (Fig. 3D-E). A 
BN cell's two nuclei are relatively similar in size, have intact nuclear membranes, and are 
located inside the same cytoplasmic boundary (Fig. 3C). Although the two nuclei may come 
into contact, they should not overlap [12] [13]. 

Two thousands erythroblasts with intact cellular and nuclear membranes per individual were 
evaluated. The final results were expressed as the percentage change (% change) compared to 
the control and were was calculated using equation 1.  
  % 𝐶ℎ𝑎𝑛𝑔𝑒 =  𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 ‰ − 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 ‰

𝐶𝑜𝑛𝑡𝑟𝑜𝑙 ‰
∙ 100%. (1) 

 

Fig. 2. Photographs of analysed genotoxicity endpoints: A – micronucleus 
(MN), B – nuclear bud (NB), blebbed nuclei (BL). 

 

Fig. 3. Photographs of analysed cytotoxicity endpoints: A – 8-shaped 
nucleus, B – bean-shaped nucleus, C – bi-nucleated (BN) cell, D – 

fragmented nucleus, E – apoptotic cell. 

Erythroblast Morphometry  

For this assay the stained slides were analysed using a 40× objective and Olympus DP70 camera 
system (Tokyo, Japan). Photomicrographs of rainbow trout erythroblasts were evaluated with 
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the ImageJ 1.52av software [14]. The analysis was carried out according to De Oliveira et al. 
[15] approach, with minor changes made by Guimarães et al. [2]. In summary, for each 
slide/fish, ten random photomicrographs were obtained, totaling 150 photos per experimental 
group, and ten (10) cells were measured in each analysis field, totaling 1500 erythroblasts per 
group. Analysed morphometric variables were erythroblast and its nucleus area; erythroblast 
perimeter and its nucleus perimeter; ratio between nuclear and erythroblast area (nucleus/cell) 
as well as erythroblast and nucleus circularity, roundness, solidity, and aspect ratio (AR). Later 
parameters were calculated using equations 2-5. Area and perimeter measure size-associated 
changes while other parameters indicate changes in cell shape. In several animal groups, 
including fish [2], reptiles [15] and birds [16], these characteristics have been considered as 
sensitive cytotoxicity biomarkers.  
 𝐶𝑖𝑟𝑐𝑢𝑙𝑎𝑟𝑖𝑡𝑦 = 4𝜋 ×

𝐴𝑟𝑒𝑎

𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟2
 (2) 

 𝑅𝑜𝑢𝑛𝑑𝑛𝑒𝑠𝑠 = 4 ×
𝐴𝑟𝑒𝑎

𝜋×(𝑀𝑎𝑗𝑜𝑟 𝑎𝑥𝑖𝑠)2
 (3) 

 𝑆𝑜𝑙𝑖𝑑𝑖𝑡𝑦 =  
𝐴𝑟𝑒𝑎

𝐶𝑜𝑛𝑣𝑒𝑥 𝑎𝑟𝑒𝑎
 (4) 

 𝐴𝑠𝑝𝑒𝑐𝑡 𝑟𝑎𝑡𝑖𝑜 =  
𝐹𝑒𝑟𝑒𝑡′𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑙𝑒𝑛𝑔𝑡ℎ

𝐹𝑒𝑟𝑒𝑡′𝑠 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑙𝑒𝑛𝑔𝑡ℎ
. (5) 

The investigation of potential relationships between measured erythroblast morphometry 
endpoints was done using principal component analysis (PCA). PCA results for variable 
contributions were calculated using equations 6-8.  
 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑐𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒𝑠 = 𝐿𝑜𝑎𝑑𝑖𝑛𝑔𝑠 ∙  𝑇ℎ𝑒 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑆𝐷 (6) 

 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑐𝑜𝑠2 = (𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑐𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒𝑠)2 (7) 

 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 =  
𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑐𝑜𝑠2 ∙ 100

𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠2 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡
. (8) 

Statistical Analysis 

The Shapiro-Wilk and Levene tests were used to assess for normality and homoscedasticity in 
the data. For parametric data, one-way ANOVA was performed (followed by Tukey's HDS 
post-hoc test). To compare the means of non-parametric data, the Kruskal-Wallis test (followed 
by Dunn's post-hoc test) was used. Data analysis was performed using R [17] and R Studio [18] 
software (versions 4.1.1 and 1.4.1717 respectively).  

RESULTS 

Nuclear Abnormalities 

Significant increases in genotoxicity (MN + NB + NBf + BL) and cytotoxicity (8-shaped + 
bean-shaped + FA + BN) were detected when compared to the control. Genotoxicity in PS1000 
group increased by 729% (Fig. 4B) while cytotoxicity in PS1000 group increased by 850% 
(Fig. 4A). 
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Fig. 4.  Percentage change from control of  A – total genotoxicity 
(ΣGentoxicity) and B – total cytotoxicity (ΣCytotoxicity) levels. Asterisks 
(*) denote significant differences from the control groups, mean ± SEM. 

Erythroblast Morphometry  

Two principal components (PCs) explained 74% of the total variance (Fig. 5). For PC1 the 
biggest contributions were associated with nuclear and erythroblast area ratio (11.56%), nuclear 
circularity (10.69%), nuclear aspect ratio (10.53%), nuclear perimeter (10.44%).  

Afterwards, PCA was done in control and PS1000 groups separately to explore treatment 
induced differences. For PC1 in control group (explained 30.11% of variance) the biggest 
contributions were associated with nuclear area (19.93%), nuclear perimeter (17.81%), nuclear 
solidity (13.90%), cellular perimeter (13.53%) and cellular circularity (11.62%). For PC2 
(explained 28.67% of variance) the biggest contributions were associated with cellular and 
nuclear aspect ratio (17.22% and 16.92% respectively), nuclear and cellular roundness (16.85% 
and 14.22% respectively) and nuclear circularity (12.20%). Highest and lowest variables 
contributions in CTRL group are shown in Fig. 6A 

Meanwhile, for PC1 in PS1000 group (explained 35.18% of variance) the biggest contributions 
were associated with nuclear circularity (18.71%), nuclear perimeter (16.12%), nuclear and 
erythroblast area ratio (13.49%), nuclear solidity (11.07%) and nuclear area (10.74%). For PC2 
(explained 23.22% of variance) the biggest contributors were cellular area (18.12%), nuclear 
and cellular roundness (14.03% and 13.36% respectively), cellular and nuclear aspect ratio 
(13.03% and 11.91% respectively). Highest and lowest variables contributions in PS1000 group 
are shown in Fig. 6B 
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Fig. 5.  PCA variables plot for entire dataset. Variable with suffix “_C” 
means cellular parameter, while suffix “_N” means nuclear parameter. 
Variables are coloured by contribution. AR – aspect ratio, Ratio – ratio 

between nuclear and erythroblast area. 

 

Fig. 6. PCA variables plots for control (CTRL, A) and treatment (PS1000, 
B) groups separately. Variable with suffix “_C” means cellular parameter, 

while suffix “_N” means nuclear parameter. Variables are coloured by 
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contribution. AR – aspect ratio, Ratio – ratio between nuclear and 
erythroblast area. 

Individuals plot revealed clusters that separated the treatment group from the control group (Fig 
7). This separation shows that from avaliable data treated fish differ from control animals. 
Pearson correlation coefficient values are shown in Fig 8.  

 

Fig. 7.  PCA individuals plot coloured by group. Bigger points denote 
centres of ellipses.  
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Fig. 8.  Correlation coefficients between cellular and nuclear parameters, 
and correlations not significantly different from 0 are represented by a white 
box. AR - aspect ratio, Ratio - ratio between nuclear and erythroblast area. 

DISCUSSION 

This study investigated the biological effects of nanoplastics on O. mykiss, namely the 
genotoxic and cytotoxic responses. Although water pollution is an emerging problem 
worldwide the impact of many contaminants, such as PS NPs, on aquatic animals are yet 
unknown. To further our understanding of the toxicity of PS NPs in aquatic biota, the current 
work demonstrated that these nanomaterials, may cause genotoxic and cytotocix changes in 
larval stage rainbow trout erythroblasts. These findings are consistent with earlier toxicology 
research that have exposed fish [2] [19] as well as other aquatic animals [20] to PS NPs.  

Significant increase in genotoxic nuclear abnormalities (Fig 4B) has revealed damage to the 
genetic material of fish larvae. Common theory is that the mechanisms of DNA damage may 
be associated with oxidative stress as many studies demonstarte that NPs exposure leads to 
increase in oxidative status biomarkers and antioxidant gene expression [19]. The current 
study's findings indicate that PS NPs are capable of causing clastogenic effects meanwhile 
significant increase in total cytotoxic nuclear abnormalieties (Fig. 4A) also suggest aneugenic 
events and errors in cellular division [21]. The advantage of nuclear abnormalities assay is that 
it reveals the implications of spindle abnormalities as well as chromosomal breakage [22]. 
Embryonic stages are perhaps the most vulnerable to DNA damage because the rate of DNA 
replication is high, cell proliferation is fast, and the cell cycle is considerably shorter than in 
adult cells. The whole genome of an embryo is replicated at a rate that is 20 to 60 times quicker 
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than that of a somatic cell [23]. However, a study using  sterlet (Acipenser ruthenus) 
demonstrates that mechanisms of DNA damage repair are highly effective in fish embryos [24]. 
Cytotoxic changes can also be caused by continuous inflammation of damaged tissues and the 
action of immune system [25].  

Erythroblast morphometric variations found in fish exposed to NPs, have shown disruptions in 
biological processes other than those involved in cell division, which might be regarded as 
pollutant-induced cytotoxicity biomarkers. Nuclear and erythroblast area ratio having the 
greatest contribution to varriance (Fig. 5) may imply that NPs cause changes in erythroblast 
size. Correlation analysis (Fig. 8) demonstrates negative relationship between cellular area and 
nuclear area (r = -0.54) which means in this study increase in nuclear area followed with 
decrease in cellular area. In birds it has been observed that changes in erythrocytes size have 
strong positive correlation with genome size (C-value) [26] and poliploidy is knonw to occur 
in rainbow trout [27] which could explain some size varriations in control group (Fig. 6A). But 
in treatment group shape associated variables also had high contribution values (Fig. 6B). These 
findings are consistent, since similar results were published by Guimarães and colleagues [2]. 
In their study researchers exposed grass carp (Ctenopharyngodon idella) juveniles to PS NPs 
at low concentrations (0.04 ng/L- 34 μg/L), for 20 days. Althought results may be similar the 
experimental design differences should be taken into consideration: (1) in our study 
concentration of PS NPs was much higher and the exposure was longer, (2) different fish 
species were used, (3) we exposed embryos while Guimarães and colleagues used juveniles. 
Erythroblast morphometric variations may also be connected to oxidative stress, since increase 
in reactive oxygen species (ROS) contributes to changes in the morphology and viability of 
erythrocytes [15]. The majority of the nonenzymatic antioxidant capacity of whole blood is 
found in erythrocytes so they act as mobile free radical collectors that protect other tissues from 
free radicals. [28].  

CONCLUSION 

Genetic damage especially in early life stages can cause a variety of health problems known as 
genotoxic disease syndrome, which includes decreased productive and reproductive capability 
[29]. Studies like this can help researchers better understand how nanomaterials influence 
ichthyofauna in contaminated environments. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Some of the most common soil contaminants are petroleum products, this type of pollution is 
widespread, because various petroleum products are very commonly used around the world for 
various purposes. Contamination of soil with petroleum products can result directly from leaks, 
accidents and spills in high-traffic areas as well as at facilities involved in the refining, storage 
and use of petroleum products [1]. It is known, that only in Europe, according to the European 
Environment Agency, the number of suspected contaminated soil hot spots is around 2.5 million 
[2]. Meanwhile, in Lithuania, based on the data of the Lithuanian Geological Survey, about 
12,000 potential sources of pollution have been identified, most of them are related to soil 
pollution with oil products. Unlike heavy metals, petroleum products can be broken down into 
environmentally harmless compounds. A variety of chemical, physical, and biological methods 
can be used to remediate contaminated soil, but biological ones are the most environmentally 
friendly [3]. Implementation of leguminous plants for soil phytoremediation is very promising, 
because they have an ability to fix nitrogen directly from the atmosphere and stimulate the 
degradation of the oil products in the rhizosphere and their germination rate in petroleum 
hydrocarbons contaminated soil is better comparing with non-leguminous plant species [4], [5]. 
Moreover, this type of plant doesn’t have to compete with other plants for nitrogen resources, 
which are often limited in contaminated and degraded soils. During the growing of leguminous 
plants soil is decontaminated and at the same time the soil fertility and the amount of organic 
matter may be increased [6]. The efficiency of legumes based phytoremediation depends on the 
plant species, the composition and concentration of the contaminants, soil type and other 
environmental factors [7]. 

The objective of this study was to test eight different legume species and evaluate their potential 
to remediate fuel oil contaminated soil. 
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METHODS 

Eight species of leguminous plants from the Fabacea plant family were grown under laboratory 
conditions. Two different levels of fuel oil contamination in soil was chosen (2500 mg/kg and 
4000 mg/kg). All groups of experiment were carried out in plastic pots, each pot was oval in 
shape and 25 cm deep. There were a total of 72 pots of tree groups. Each pot was filled 
approximately 4000 grams of soil.  The level of illumination on the surface of the pots reached 
22,000 – 24,000 lumens and the duration of lighting was set 12 hours in a 24 – hour interval. 
The duration of the experiment was 90 days. In order to evaluate the morphometric parameters 
of the plants, the height of the stems was periodically measured, and the above-ground and 
underground plant biomass were measured at the end of the experiment. To evaluate the 
decomposition potential of fuel oil, the residual concentration of fuel oil in the soil was 
measured by gas chromatography after 45 days and at the end of the experiment (after 90 days). 

RESULTS 

At the end of the experiment in the group of 2500 mg/kg initial fuel oil contamination all species 
showed similar results (Fig.1. left side). The largest reduction in fuel oil concentration was 
recorded in pots with Pisum sativum (95.88 %), Galega orientalis (95.72 %) and Lotus 

corniculatus (95.60 %). The lowest reduction was recorded in pot with Lens culinaris 
(86.52 %). In the group of 4000 mg/kg initial contamination some legume species were more 
able to decompose contaminant than others and the levels of degradation differed more than in 
the first group with lower soil contamination (Fig.1. right side). The best reduction in fuel oil 
were obtained in pots with Lotus corniculatus (95.33 %), Melilotus albus (94.68 %) and 
Medicago sativa (94.43 %), while the lowest decomposition potential was obtained in pots with 
Onobrychis viicifolia (81.17 %) and Lens culinaris (83.82 %). 

 

Fig.1. The potential of eight different species of legumes to decompose fuel 
oil in 2500 mg/kg and 4000 mg/kg soil contamination groups 

CONCLUSIONS 

Eight species of legumes were tested to evaluate the fuel oil phytoremediation efficiency. The 
decomposition potential of the oil product depended on the concentration level of the pollutant 
in the soil. At the concentration of 2500 mg/kg, all tested species of legumes showed similar 
phytoremediation results. The resistance of plants to contamination as well as the intensity of 
fuel oil decomposition varied in the group of 4000 mg/kg initial fuel oil contamination. The 
biggest reduction in fuel oil were obtained in samples with Lotus corniculatus (95.33 %), 
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Melilotus albus (94.68 %) and Medicago sativa (94.43 %), while the lowest reduction in 
samples with Onobrychis viicifolia (81.17 %) and Lens culinaris (83.82 %). 

Keywords: soil bioremediation, fuel oil, petroleum hydrocarbons, legumes 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

A field experiment was carried out in broad bean (Vicia faba L.) field to investigate the 
abundance of the pea leaf weevil (Sitona lineatus L.) as influenced by the timing of pest control 
using insecticides. The study was conducted in broad bean ('Vertigo' var.) during the period of 
2019-2020. The study included six spray regimes in addition to untreated control. Yellow water 
traps were used to monitor the occurrence of pea leaf weevil from the start of germination until 
the senescence stage. Pea leaf weevil abundance was found in the whole growing season. Two 
peaks of adult’s density were recorded at flowering and when stems begin to darken stages. The 
foliar insecticides at the local threshold can be recommended as an effective method to protect 
broad bean from feeding by pea leaf weevils. 

METHODS 

The research was carried out at Lithuanian Research Centre for Agriculture and Forestry, during 
the 2019–2020 period. Broad bean ‘Vertigo’ var. was grown following the recommended 
agronomic practices. The experiments were laid out in a randomized complete block design 
(RCBD). Six yellow water traps were distributed to detect the appearance time and the 
abundance of S. lineatus. S. lineatus was distinguished from the other Sitona species using 
morphological descriptors provided in [1]. Also, S. lineatus was identified using a published 
guide, e.g., [2]. Plant growth stages were identified according to Phenological Growth Stage 
key (BBCH) [3]. Different insecticide regimes using cypermethrin, 500 g l-1 were applied as 
follows: (1) untreated control (UN); (2) at growth stage BBCH 08 (GS08C); (3) when the first 
pea leaf weevil adult was caught in the yellow water trap (MDC); (4) when the daily air 
temperature for three days exceeds that of threshold for adult activity (DDC); (5) at the local 
threshold (5–10 beetles m-2) (THC); (6) at the growth stage BBCH 10–11 (GSC); (7) full control 
sprays at BBCH 10, 30 and 69 growth stages (FCC). Adults were counted using a 0.25 m2 
frame. Monitoring was taken in the two places of each plot. S. lineatus adults were counted at 
BBCH 16 growth stage. The damage of S. lineatus adults on broad bean foliage was assessed 
at BBCH 18 growth stage. U-shaped notches on leaf margins of 10 plants were counted in each 
plot. The damage rating was evaluated on each leaf in accordance with a scale (0 to 4). Duncan's 
multiple range test was used to determine the significance of differences at alpha ≤ 0.05 (SAS 
Institute Inc., USA). 
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RESULTS 

With a few exceptions, the abundance of S. lineatus was rather consistent in 2019 and 2020 
during practically all broad bean growth stages (Figure 1). The first appearance of S. lineatus 
adults in the traps coincided before plant emerge at BBCH 08 growth stage. In 2019, the 
dispersing of S. lineatus adults to broad bean field coincided with the emergence of seedlings, 
whereas in 2020, it coincided with the emergence of shoots. The abundance of S. lineatus in 
2020 was substantially higher than that in 2019. Over the 2019 and 2020 seasons, the density 
of S. lineatus differed across all growth stages. 

 

Fig. 1. The abundance of Sitona lineatus adults during the growing seasons 
(2019–2020) 

The damage level (scale out of four levels) in plots treated according to the local threshold was 
in both study years 1.2 and increased to 2.8 and 2.5 in the untreated control in 2019 and 2020 
respectively (Fig. 2). In 2019, insecticide treatments decreased the number of notches per plant. 
The plants treated by insecticides once according to the local threshold had significantly lower 
foliar damage compared to the other spray regimes. In 2020, the number of notches per plant 
was lower in plants treated twice (full control spray) or once according to the local threshold, 
according to day degree or according to monitoring data spray regime. At the S. lineatus adults’ 
density (11.5 beetles m-2 in the untreated plots), only the spray regime according to the local 
threshold had significantly the lowest number of notches on leaves. However, at the high adults’ 
density (17.2 beetles m-2 in the untreated plots), the insecticide sprayed twice (full control spray) 
or once, when the first adult was caught in the traps also reduced the number of notches 
significantly. Plants treated according to the local threshold had significantly fewer notches 
than those in the untreated control. In 2020, the plants were attacked by a higher numbers of S. 

lineatus weevils than in 2019 so insecticide application according to the local threshold reduced 
the foliar damage with no significant differences compared to the other spray regimes. 
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Fig. 2. The effect of spray regime on Sitona lineatus feeding notches per 
plant on broad bean at BBCH 18 growth stage in 2019–2020 

CONCLUSIONS 

The peaks of weevil abundance were reached at the stage, when nearly all pods had reached 
final length (BBCH 79) and at full ripening stage (BBCH 89). Application according to the 
local threshold gave the significantly lowest number of notches on leaves and significantly 
decreased the percentage of damaged root nodules compared to the early spray at BBCH 08 
growth stage. 

Keywords: abundance; broad bean; Sitona spp.; spray time; insecticide; notches 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Due to possibility to grow under a diverse range of soil and climatic conditions, Scots pine 
(Pinus sylvestris L.) is one of the most economically and ecologically important tree species on 
hemiboreal forests across Northern Hemisphere [1, 2, 3]. Insect outbreaks constitute the biggest 
disturbances in forests that cause environmental and economic losses [4, 5, 6]. In P. sylvestris 
forests of Central and North Europe one of the most widespread outbreaks are from the nun 
moth (Lymantria monacha L.) [7, 8, 9]. The last nun moth outbreaks in Lithuania were recorded 
in 2018-2020 in the area of more than 6,000 ha [10]. For extermination of the outbreaks, there 
has been used biological insecticide “Foray 76B” that is made by Bacillus thuringiensis serovar 
kurstaki (Btk) strain ABTS-351 based formulations [11]. The biological insecticide 
characterizes toxicity to specific insect species while there has not been founded its direct 
toxicity to fish, mammals, birds, amphibians, or any non-target organisms [12, 13, 14, 15].  

As a consequence of more frequently mass nun moth outbreaks in Europe, a better 
understanding of the functional changes in Scots pine stands during the outbreaks is needed 
[16]. In addition, changes in the balance of entomophagous and phytophagous in P. sylvestris 
stands may have a direct impact on future mass outbreaks [17]. Therefore, a detailed analysis 
of the changes in non-target insect species during the outbreaks and after the use of the 
biological insecticide is necessary. The aim of our study was to evaluate outbreaks of L. 
monacha and “Foray 76B” impact on non-target arthropods in P. sylvestris forests. Hypothesis 
were: (1) biological insecticide does not trigger abundance of non-target arthropods; (2) L. 
monacha mass outbreaks induce changes in balance of actively moving arthropods. 

METHODS 

The study included 12 study sites representing 6 visually healthy (control) and 6 heavily 
damaged 60-120 years Scots pine stands in Lithuania. The damaged stands were determined by 
mass outbreaks of L. monacha and applied spraying by “Foray 76B” in June 2020. The study 
sites were distributed into 3 different geographical locations: Kapčiamiestis, Marcinkonys, and 
Neringa (Fig. 1). Catching of non-target arthropods were conducted from the end of May until 
the end of October 2021, at monthly (average 28 days interval) collections for 6 months. The 
arthropods were collected using entomological scoop, performing 50 swings through P. 

sylvestris branches in each study site. Non-target arthropods were collected from stands with 
similar plant habitat and vegetation. Distance between heavily damaged and control stands was 
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from 2 to 5 km. Collected entomofauna was sifted and shifted to exterminated pots that were 
transported on the same day to the laboratory and stored at room temperature. After 20 days of 
drying, the analysis and identification of insect species were performed. 

Fig. 1. The study sites in P. sylvestris stands in Lithuania. Map by 
EUFORGEN 2009, www.euforgen.org [18]. 

RESULTS 

A total of 1170 non-target arthropod individuals were obtained in 6 month period along twelve 
P. sylvestris study sites. Among all a total of 577 arthropods in damaged and 593 in control 
stands (Fig. 2A). In addition, we found a total of 242 Chironomus plumosus individuals that 
abundance was recorded only on study sites in Neringa. For the significant reasons C. plumosus 
was not included into further data analysis. The highest part of non-target arthropod individuals 
between 3 different geographical locations were recorded in Kapčiamiestis – 38% (Fig. 2B). 
Marcinkonys characterized the lowest abundance of non-target arthropods – only 27%. The 
average number of individuals in damaged stands was 16.0 ± 2.5, while in control stands 
16.5 ± 3.2 (statistically insignificant, p > 0.05) (Fig. 3).  

http://www.euforgen.org/
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Fig. 2. (A) Abundance of non-target arthropods in damaged and control P. 

sylvestris stands, (B) Relative abundance of non-target arthropods by study 
site. 

Fig. 3. Average abundance of non-target arthropods in damaged and control 
stands of P. sylvestris in different study sites. 

All the collected non-target arthropod individuals were belonging to 12 orders. The most 
abundant orders were Hymenoptera (30.4%), Araneae (28.9%), Hemiptera (23.2%), and 
Coleoptera (12.8%). The orders Diptera, Neuroptera, Lepidoptera, Orthoptera, Psocoptera, 
Dictyoptera, Opiliones, and Odonata altogether encompassed less than 5% of obtained 
individuals (Table 1). Significant differences (p < 0.05) in insect order abundance were 
determined between damaged and control stands. Relative abundance of Araneae and 
Hemiptera in damaged stands was (1.4 and 1.8 times, respectively) higher than in control study 
sites. On the contrary, the relative abundance of Hymenoptera in damaged stands was 2.6 times 
lower than in control sites. The relative abundance of Coleoptera did not have statistically 
significant (p < 0.05) differences between damaged and control study sites. 
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Table 1. Relative abundance of arthropod individuals in different P. sylvestris stands. 

Order Control, % Damaged, % At all, % 
Hymenoptera 43.5 17.0 30.4 

Araneae 24.1 33.8 28.9 
Hemiptera 16.4 30.2 23.2 
Coleoptera 12.0 13.7 12.8 

Diptera 1.5 1.6 1.5 
Neuroptera 1.0 0.9 0.9 
Lepidoptera 1.0 0.5 0.8 
Orthoptera 0.2 1.4 0.8 
Psocoptera 0.3 0.3 0.3 
Opiliones 0.0 0.3 0.2 

Dictyoptera 0.0 0.2 0.1 
Odonata 0.0 0.2 0.1 

Based on different distribution of feeding habits of non-target arthropod individuals, we 
estimated that entomophagous constituted the most part of total individuals both in control 
(75%) and damaged (58%) study sites (Fig. 4). Phytophagous encompassed 24% in control, and 
40% of total individuals in damaged study sites. Other groups constituted only 1% in control, 
and 2% in damaged P. sylvestris stands. The ratio of entomophagous/phytophagous was 
determined 2.1 times higher in control than in damaged Scots pine stands. 

Fig. 4. Abundance of non-target arthropods based on their feeding habits in 
damaged and control P. sylvestris stands. 

CONCLUSIONS  

The results revealed that although L. monacha mass outbreaks did not cause changes in total 
abundance of non-target arthropods, the outbreaks had a negative impact on the most abundant 
order – Hymenoptera. In summary, the increased total abundance of phytophagous in the 
damaged pine forests indicates that “Foray 76B” does not affect the abundance of actively 
moving non-target arthropods. 

Keywords: Lymantria monacha, Lepidoptera, Foray 76B, Pinus sylvestris, insects, 
entomophagous. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Carrot is one of the most widely cultivated long term survival vegetables worldwide. However, 
there are significant yield and quality losses during growing and storage due to various diseases. 
Alternaria pathogens are primary to the carrots, as they can cause leaf blight which may affect 
entire leaf collapse, or black root rot, which spreads quickly in cold storage [1, 2]. For a long 
time, chemical fungicides were the preventative measure against plant diseases. Nevertheless, 
chemicals increase environmental pollution, especially soil and water; additionally, 
microorganisms develop resistance to their exposure [3]. Nowadays, the ambition is to build 
protection with the least possible damage to nature and human health. The European Union's 
members are committed to developing alternatives to plant protection products by 2030 [4]. 
Plant-derived compounds are investigated for disease control; as they have minimal 
environmental consequences and low toxicity. Studies showed that Syzygium aromaticum L., 
clove, has an antimicrobial impact on opportunistic microorganisms such as Candida albicans, 
Aspergillus fumigatus, Mucor spp., Salmonella spp., and others [5, 6]. The study aimed to 
determine the effect of clove extract on Alternaria spp. fungi in vitro. 

METHODS 

In the first part of the experiments, potato dextrose agar medium enriched by different amounts 
of clove extract to get 0.2, 0.4, 0.6 and 0.8 µL mL-1 concentrations were used to evaluate 
Alternaria spp. growth suppression in vitro. Alternaria spp. isolates obtained from infected 
carrots. The plant extract was produced from clove buds using extraction with pressurized liquid 
CO2. Discs of 7 days old isolates were placed on each Petri dish with an enriched medium, and 
the diameter of the fungus colony was measured. The control treatment was without 
investigated extract. Secondly, sterilized carrot pieces were sprayed with 0.8 µL mL-1 extract 
mixed with sterile water and inoculated with Alternaria spp. discs. The prevalence of mycelium 
growth was measured 4 and 7 days after incubation. Petri dishes were incubated at 25±2 ℃ in 
the dark for all experiments. Experimental research was carried out at the Laboratory of Plant 
Protection, LAMMC Institute of Horticulture in Lithuania in 2021. 
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RESULTS 

This study provided new knowledge about the potential of clove extract to suppress Alternaria 
spp. fungi. The assay revealed that the development of fungal mycelium depended on the 
concentration of the extract in the medium. Our results revelated that clove extract was effective 
in vitro (Fig. 1).  

 

Fig. 1. The comparison of Alternaria spp. colony growth on potato dextrose 
agar after 7 days of incubation. A, control (without clove extract), B, 0.2 µL 

mL-1, C, 0.4 µL mL-1, D, 0.6 µL mL-1, E, 0.8 µL mL-1 of clove extract. 

According to the most sensitive clove extract concentration in vitro for Alternaria spp. 
experiments in vivo continued. However, in vivo experiments did not show significant results. 

CONCLUSIONS 

To conclude, S. aromaticum extract has promising antifungal properties, causing Alternaria 
spp. growth suppression, but further research is needed. 

Keywords: Alternaria spp., liquid CO2 extraction, Syzygium aromaticum L., in vitro 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Keeping pests under control in modern agriculture it’s a big challenge for practitioners and 
scientists especially due to crop safety legislation. Moreover, the current technology's detection 
limits show even traces of contaminants in raw materials, product safety and/or organic 
products being a desideratum these days [1]. Due to the negative effects of crop and storage 
pests, pesticides have been developed to neutralize them as effectively as possible. However, 
this efficiency also comes with a number of shortcomings, such as imbalance of crop-specific 
ecosystems where pesticides are administered, irreversible effects on pollinators and insects 
that have irreplaceable roles in the ecosystem, soil contamination, accumulation in crops that 
provide raw materials for the food industry, negative effects on consumer health, and so on [2]. 
As a consequence, more and more studies were made by researchers to identify potential 
substitutes for pesticides with less harmful effects. In this sense, biopesticides coming from 
plants were considered a sustainable and environmentally-friendly alternative [3]. This paper 
investigates the effectiveness of biopesticide treatments based on Artemisia absinthium 
collected from spontaneous flora on Achantoscelides obsoletus pests. We used several 
conventional and modern extraction methods of compounds with repellent/insecticide effect to 
observe the method that presents the highest extraction yield and the confirmation of the 
proportionality between the degree of extraction and the efficiency on pests. 

METHODS 

The treatments were obtained by extraction using a series of classical and modern methods such 
as maceration (M), extraction in the Soxhlet installation (HAE), ultrasonic-assisted extraction 
(UAE), and a combined approach (UAE + M). The extraction was performed with pure ethanol 
(96%). The treatments thus obtained were administered to control pests of the species 
Achantoscelides obsoletus. In the case of M method, the contact time between the two phases 
was 9 days at a temperature of about 20° C, in the case of the HAE method, the time was 2 h 
and temperature of about 80°C, while for UAE, the established time was 15 min and 
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temperature 45°C. In the UAE method, the extraction was performed using an ultrasonic bath, 
SONOREX RK 100 H type (produced by Bandeline Electronic GmbH &Co.KG, Berlin, 
Germany, bath frequency 35 kHz, power 320 W). The solid/liquid ratio (S/L) was 1/15. The 
extracts were kept at refrigeration temperature until the time of administration. The 
administration protocol consisted of the administration of ~ 0.5 mL, after which the monitoring 
was performed at the following time intervals: 2, 8, 12, 24, 48, 72, 96, 120, 144, and 168h, 
following the number of pests deaths. Achantoscelides obsoletus was monitored under 
laboratory conditions in growth cages with a 1 L plastic volume provided with ventilation holes 
and sufficient food. The experiment was performed in duplicate accompanied by two control 
samples under the same conditions. The mortality was calculated using Eq. 1: 
 Mortality % = Nd / No*100, (8) 

where: Nd represents the number of dead insects, and N0 represents the initial test insects.   

RESULTS 

Analysing Fig. 1, it is observed that the most obvious results of the administered treatment are 
manifested starting with the interval 120 h to 168 h. Also, the extracts using the method UAE 
+ M show a higher level than other extracts in this interval. The efficiency of the treatments on 
the deposit pest of the species Achantoscelides obsoletus follows the order, 
UAE+M>UAE>HAE>M. The extracts based on M method presented similar results to the 
control sample.  

 

Fig. 1. Mortality (%) of pests of the species Achantoscelides obsoletus 
according to the treatments obtained using different extraction methods 

based on the species Artemisia absinthium at predetermined time intervals 

CONCLUSIONS 

In conclusion, the use of plants extracts from spontaneous flora can be an alternative to 
substituting synthetic treatments with side effects on human health and the environment, 
especially if combined with other non-invasive alternative methods during the storage period.  

Keywords: Artemisia absinthium, biopesticides, extraction methods, pest control, spontaneous 
flora 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Tomato (Solanum lycopersicum L.) is an important vegetable in Latvia. According to data from 
the Central Statistical Bureau of Latvia, in 2020, tomatoes represented 43.9 % of the total export 
value of fresh vegetables. The total demand for fresh-market and processing tomatoes is high; 
therefore, increasing tomato production and improving its quality is of great importance for this 
country. Fungal diseases are a major limiting factor for tomatoes which cause a serious yield 
reduction. Economically important diseases in tomatoes are caused by pathogens of different 
genera – Alternaria, Phytophthora, Pythium, Rhizoctonia, Fusarium, Botrytis, Septoria, 
Colletotrichum, Oidium, Leveillula, Fulvia, and Verticillum [1, 2, 3]. There has been 
fragmented research on tomato diseases in Latvia, and used complexes of agrotechnical 
techniques for tomatoes have been changing in the last years. In the past, high-pressure sodium 
lamps were commonly utilized, but nowadays light-emitting diodes (LEDs) are becoming 
widely adopted in protected horticulture [4]. Also, used cultivars in tomato production are 
changing. Until now, no wide research on tomato diseases has been carried out in Latvia. The 
present research aims to diagnose tomato diseases and identify their causal agents in different 
production systems.  

METHODS 

Samples of leaves, stems, and fruits with characteristic symptoms of fungal diseases were 
collected at the beginning and end of the 2021 production season. Samples were collected in 
six farms that varied in construction (greenhouse structures, high tunnels), size, growing 
conditions, crop protection (integrated or biological pest management), and cultivar 
(‘Beorange’ F1, ‘Fontana’ F1; ‘Cristal’ F1, ‘Tamaris’ F1, ‘Organza’ F1, ‘Aurea’ F1, 
‘Gourmandia’ F1, ‘Juliet’ F1, ‘Gloriette’ F1, ‘Tasty’ F1, ‘Bolzano’ F1, ‘Fuji Pink’ F1, ‘Belfast’ 
F1, ‘Berner Rose’, ‘Sonnenherz’, ‘Orange Queen’, ‘Ananas’, ‘Green Zebra’, ‘Black Prince’). 
At the beginning of intensive tomato production, a total of 125 samples with characteristic 
disease symptoms were collected and 202 isolates were obtained and identified to genera level. 
Identification of diseases was performed at the LLU Plant Pathology Scientific Laboratory of 
the Institute of Soil and Plant Science. Late blight (caused by Phytophthora spp.), leaf mold 
(caused by Fulvia spp.), and powdery mildew (caused by Oidium spp.) were identified visually 
if conidia were seen; in other cases, isolation of fungi was conducted. Pure cultures (isolates) 
of Alternaria, Stemphilium, Botrytis, Fusarium, Colletotrichum were obtained by pathogen 
isolation on potato dextrose agar. Morphological characteristics of the isolates were used to 
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identify the fungi: colour and texture of the mycelium, staining of the medium, and 
characteristics of spore and sclerotia formation. 

RESULTS 

Determined fungi varied depending on the growing conditions. In 2021, at the beginning of 
intensive tomato production, the two most common fungi isolated from infected tomatoes were 
Alternaria spp. and Botrytis spp. (29% and 25% of isolates, respectively). Diseases of tomato 
leaves were caused by Alternaria spp., Botrytis spp., and Fulvia spp. Tomato fruits were 
infected by pathogens of different genera – Alternaria, Botrytis, Fusarium, and Colletotrichum. 

At the end of intensive tomato production, a wider spectrum of diseases was observed. The 
dominant diseases were different leaf spots caused by the genera Botrytis, Alternaria, Oidium, 
Fulvia, and Phytophthora. Diseases of tomato fruits were caused by Alternaria spp., Botrytis 

spp., and Phytophthora spp. Also, at the end of intensive tomato production, complex infection 
of Alternaria/Stemphilium was observed on tomato leaves and fruits (Fig. 1). 

 

 

Fig. 1.  Symptoms of diseases caused by different pathogens – Alternaria/ 

Stemphylium spp. (A), Alternaria spp. (B), Fulvia spp. (C, D), Phytophthora 

spp. (E), and Botrytis spp. (F-H) – on tomato leaves, stems, and fruits. 

In high tunnels and small greenhouses with a polyethene film or polycarbonate cover, the 
microclimate is partially controlled, therefore, a wider spectrum of diseases was observed there. 
In such conditions, grey mold (caused by Botrytis spp.) was commonly found because of the 
high relative humidity and optimal temperature in those constructions. This disease was 
especially severe in biological farms, where a lot of vegetables are grown together, such as 
lettuce, pepper, and others that also host plants of grey mold. Gray mold mostly affects leaves, 
stems, and fruits, and symptoms are observed at any stage of tomato plant development. 
Alternaria spp., which causes early blight, was also often observed. At the end of intensive 
tomato production, fungal pathogen Stemphylium spp., which causes grey leaf spot disease, was 
observed. During the investigation, mostly both Alternaria spp. and Stemphylium spp. were 
isolated from the same tomato plants and the same blotches, indicating a complex disease. Also, 
in greenhouses and high tunnels, leaf mold (caused by Fulvia spp.) and late blight (caused by 
Phytophthora spp.) were identified. In large industrial glasshouses, many resources are invested 
in sanitation to prevent disease outbreaks and the climate control system is fully automatic, 
therefore, the spectrum of diseases was not so wide there. One of the most severe diseases in 
the large glasshouses was grey mold (caused by Botrytis spp.). Another occasionally severe 
disease there was powdery mildew (caused by Oidium spp.). Symptoms of powdery mildew are 
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visible mainly on leaves, and the severity of the disease may vary depending on cultivars 
because the causal agent is a highly specialized obligate parasite [5]. 

CONCLUSIONS 

The most important diseases affecting tomatoes in Latvia are an early blight, caused by 
Alternaria spp., grey mold, caused by Botrytis spp., late blight, caused by Phytophthora spp., 
powdery mildew, caused by Oidium spp., and leaf mold, caused by Fulvia spp. Further research 
is required to identify the species of pathogens. 

Keywords: Solanum lycopersicum L., Alternaria, Botrytis, Phytophthora, Oidium, Fulvia 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

The area of Japanese quince plantations for fruit production in Latvia has increased in recent 
years. With it, there is also a potential for an increase in disease occurrence. It has been 
established that fruit rot in some growing seasons reached agronomically significant 
development [1] and leaf spots appeared as a problem [2] in Japanese quince plantations in 
Latvia. There is a lack of overall information in the literature about the diversity of fungi on 
Chaenomeles japonica. Several disease symptoms have been described by Norin and 
Rumpunen [3]. According to their findings, fungi were found on C. japonica fruits, shoots, 
leaves, and inflorescences in Sweden and in Romania, Australia and Canada [3]. Information 
is also available about the occurrence of fungi of C. japonica in the Botanical garden of Vilnius 
University [4]. The presence of pathogenic fungi causing disease symptoms on C. japonica has 
been reported in Russia [5]; however, that information is fragmented and insufficient. The aim 
of the present study is to determine the diversity of fungal genera associated with C. japonica 
in Latvia.  

METHODS 

In the monitoring of eight Japanese quince plantations in Latvia, samples of leaves, shoots, 
inflorescences and fruits with visible disease damages were collected in three vegetation 
seasons of 2017–2019. The fungi obtained from damages on different parts of Japanese quince 
were cultivated on potato dextrose agar (PDA) at the temperature of +20oC in the dark. In 
addition to PDA, damaged areas of the leaves, associated with fungal diseases, were cultivated 
on both PDA and V8 juice. Fungal isolates were identified using the results obtained from ITS 
region sequencing. Sequencing results were analyzed using FinchTV chromatogram – an open 
access desktop application – and were identified using NCBI BLAST® database. Relative 
density of fungal genera was determined as the proportion of the particular genera of fungi in 
relation to all fungal isolates obtained. 
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RESULTS 

A total of 36 genera of fungi were identified among 538 fungal isolates obtained from the 
damaged leaves, fruits, flowers and shoots of C. japonica. Representatives of identified genera 
were well-known pathogens of C. japonica, other Chaenomeles species, and plants from the 
family Rosacea. Also, pathogens of other plants, fungi causing secondary infection, and 
different saprotrophs and endophytes were identified. Fusarium spp., Alternaria spp., Botrytis 
spp., and Sarocladium spp. prevailed with the relative density of 21%, 15%, 13%, and 9% 
respectively. The values of the relative density of the genera Clonostachis, Cladosporium, 

Epicoccum, Trichoderma, Monilinia, and Boeremia were within the range of 3% to 6%, but the 
relative densities of the other 26 fungal genera were less than 2%. Alternaria, Fusarium, 

Sarocladium, Epicoccum, Botrytis, Cladosporium, Boeremia, Clonostachis, Arthrinium, and 
Akanthomyces were isolated from the leaf spots on C. japonica plants. Various damages, such 
as different types of spots and rot, on C. japonica fruits, as well as overwintered mummified 
fruits were observed in the investigation. Botrytis, Fusarium, Alternaria, Allantophomopsis, 

Coniophora, Penicillium and Trichothecium spp. were found in the mummified fruits. Whereas 
Botrytis, Fusarium, Alternaria, Neofabraea, Diaporthe, Arthrinium, Allantophomopsis, 

Boeremia, and Stagonosporopsis spp. were associated with fruit spots. The genera Botrytis, 

Fusarium, Alternaria, Monilinia, Penicillium, and Crustomyces spp. were most frequently 
isolated from the fruits in all stages of their development. Various shoot damages on the shoots 
of Japanese quince were observed. Most frequently the Fusarium, Botrytis, Alternaria, 

Diaporthe, Didymella, Trichoderma, Monilinia, Clonostachis, Cladosporium, 

Allantophomopsis, and Arthrinium species were obtained from the damaged C. japonica woody 
parts. Fusarium, Alternaria, Clonostachis, and Coniophora spp. were found on the dead or 
wilted flowers of C. japonica.  

CONCLUSIONS 

A high diversity of fungi on C. japonica were found during the investigation. They belonged to 
36 genera. Among all fungal genera identified on C. japonica, prevailing fungi were from the 
genera of Fusarium, Alternaria, Botrytis, and Sarocladium. The high diversity of determined 
fungi revealed that the current situation is complex and it is not possible to identify the 
pathogens under field conditions. Further research is required to clarify the degree of the 
pathogenicity of different fungi and their interactions. 

Keywords: Japanese quince, Botrytis, Alternaria, Monilinia  
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Brown rot is one of the main diseases in all stone fruit growing areas and is caused by several 
Monilinia spp. [1, 2, 3]. These pathogens infect blooms, twigs and fruits in the field with a 
variety of symptoms, including blossoms blight, cankers on woody tissues and fruit rot [4, 5]. 

Chemical management is not sufficient to control brown rot in orchards. Moreover, consumers 
prefer buying pesticide-free production. This leads to the need to introduce alternative methods, 
such as physical or biological control [5]. So far, several antagonistic microorganism species 
have been found, including Bacillus and Pseudomonas spp. [6, 7, 8]. Few Bacillus species 
inhibited M. laxa in apricots and peaches [6]. P. synxantha strain DLS65 has been succesfully 
tested in vitro and in vivo against M. fructicola and M. fructigena [7]. To the date, there is a 
commercial product against pathogenic fungi (‘Serenade® ASO’, Bayer AG), but it is not 
specific for Monilinia spp. and is not accessible to small orchard growers.  

The strategy for biological control is to isolate microorganisms from the local host of a 
particular disease and test their inhibitional activities to ensure the efectiveness of a natural 
killer against the pathogen without harming the plant [9, 10, 11, 12]. However, the specific 
stone fruit antagonists against Monilinia species are still lacking for orchards in the Baltic sea 
region. 

The aim of this study is to evaluate the antagonistic properties of endofitic bacteria naturally 
distributed in plum orchards against M. fructigena. 

METHODS 

Isolates of the pathogenic fungi M. fructigena were collected from decaying plum fruits at the 
Lithuanian Research Centre for Agriculture and Forestry Institute of Horticulture, in the 
selective stone fruit orchard in autumn, 2021. The pathogens were visually identified, 
subcultivated and used in in vitro experiments. Endophytic bacteria samples were isolated from 
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plum tree buds of annual shoots. The annual shoots (approximately 30 cm in length) were 
randomly selected by going diagonally across the orchard. Leaves were discarded immediately 
in the field and shoots were kept at 4 °C until further analysis. 

Six various methods for bud sterilisation with minor modifications were chosen (Table 1). All 
buds from shoots were collected to form a pool and 30 plum buds were randomly selected for 
each sterilisation method. The sterilisation scheme is shown in Table 1. 

Table 1. Scheme of bud sterilisation methods 
              
Method 
 
Step 
 

Hydrogen 
peroxide 
[13, 14, 

15] 

Sodium 
hypochlorite 

[15] 

Ethanol 
[14] 

Mercuric 
chloride 
[13, 17] 

Bleach 
[18] 

Combined 
method 

[19] 

1. 
Main 

sterilization 
agent 

H2O2, 3% 
10 min 

NaClO, 5% 
5 min 

C2H5OH, 
70% 
3 min 

HgCl2, 

0,1% 10 
min 

ACE 5 
min 

C2H5OH, 
70%     5 

min, 
H2O2, 3%          
20 min, 

C2H5OH, 
70%                     
1 min 

2. 

Wash with 
sterile-
distilled 

water 

4 times,      
2 min 

Once, 
10 min 

4 times, 
1 min 

7 times, 
 1 min 

4 
times, 
1 min 

5 times, 1 
min 

3. Macerate buds in 5 ml of sterile-distilled water for 30 min [14] 
4. Filtrate the suspension, centrifugate 5 min x 4000 rpm, discard the supernatant 
5. Add 5 ml of sterile-distilled water and resuspend [14] 
6. Cultivate 20 μl of final suspension on LB agar media [14] 
7. Incubate plates at 28 °C for 7 days [19] 

Plates with restreaked single colonies were incubated for another 48 hours [19]. The bacterial 
and fungal stock cultures were stored at 4 °C on Petri dishes containing Luria-Bertani (LB, 
peptone, 10 g; yeast extract, 5 g; NaCl, 10 g; agar, 10 g per litre, pH 7,2 - 7,3) and Potato 
Dextrose Agar (PDA, Sharlab, S. L., Barcelona, Spain), respectively [5]. 

The evaluation of the antagonistic activity of the isolated bacterial strains was performed 
according to the following protocols with some modifications [5, 20]. The mycelium disc 
(5 mm diameter) was placed in the centre of a Petri dish with PDA medium. Approximately 1 
cm away from the mycelium disc bilaterally a loopful of each strain was streaked (3-4 cm), in 
three replicates. Dual culture plates were incubated at 28 ºC in a dark chamber. The plate with 
a fungus only was used as a control. Radial growth inhibition was calculated as follows: 

 %𝐼 = (
𝐶−𝑇

𝐶
) ∙ 100. (5) 

Measurements were taken at 8 and 14 days. 
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RESULTS 

The average number of successfully isolated endophytic bacteria by different six sterilisation 
approaches are shown in Fig. 1. The data show that there were no significant differences 
between applied sterilisation approaches. However, the lowest number of bacteria was obtained 
using mercuric chloride or combined sterilisation method. The reason could be the intensive 
penetration of sterilising agent into deeper bud tissues, which affects viability of 
microorganisms [21]. The highest number of isolated bacteria was obtained by using bleach or 
sodium hypochlorite, although there were no significant differences among them. 

 

Fig. 1 Number of endophytes using different sterilisation method 

The average number of potential antagonists by each sterilisation method is given in Fig. 2. In 
total 77 endophytes were obtained, of which 16 microorganisms can be potential antagonists. 
The highest number of antagonists was reached using bleach as the main sterilisation agent. 

 

Fig. 2. Number of antagonists using different sterilisation method 

The antagonistic activity of bacteria against M. fructigena ranged from 2,21 % to 73,55 % 
(average 42,27±11,71 %) after 8 days of incubation. In total 16 antagonists had inhibition of 
30 % and 8 of them had reached inhibition of 50 % or higher. After 14 days inhibition of 30 % 
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was still observed in 13 isolates, of which 6 had inhibition rate of 50 % or higher. Examples of 
potential antagonists are shown in Fig. 2.  

 

Fig. 2. Inhibition of M. fructigena growth by bacterial antagonists. A8, B8 
and A14, B14 – dual culture plates after 8 and 14 days, respectively. C8 and 

C14 – control plates. 

CONCLUSIONS 

Sterilisation with mercuric chloride or combined sterilisation method is the least favourable for 
effective endophyte isolation. 

In total 13 naturally distributed bacterial endophytes are potential antagonists against M. 

fructigena. 

Keywords: antagonists, endophytes, bacteria, Monilinia, brown rot, inhibition. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

One of the most common group of microorganisms that causes yield-reducing diseases is fungi. 
The infection with fungal pathogens of the genus Fusarium usually results in harvest decay and 
vast reduction of the quality of various vegetables and fruits [1]. Diseases, caused by Fusarium 

avenaceum and Fusarium poae, is common in strawberry fields all over the world, and various 
parts of the plant can be infected, including fruit, leaves, blossoms, and roots [2]. However, the 
significant crop loss from these contagious pathogens can be prevented or reduced by various 
plant protection systems [3]. Despite advances in many technological areas [4], plant protection 
means mostly contain synthetic chemicals that can be dangerous to animals and humans, as 
well as damage ground water and soil with unsafe contaminants, thus their usage must be 
ecologically benign and long-term [5]. Instead of using chemicals, new plant protection 
products of biological origin are being developed. Speaking about the variety of biological plant 
protection means, extracts of various plants are receiving a lot of attention these days. The 
previous studies have pointed out the antimicrobial, antioxidant, and antifungal properties of 
many aromatic plants’ compounds [6]. Due to their environmental and renewable qualities, a 
variety of essential oils have been discovered to have strong antifungal activity and are gaining 
favour in the agricultural industry [7]. Essential oils obtained from plants are nonphytotoxic 
chemicals that might be used as natural pesticides to protect crops [8]. Salvia officinalis, also 
known as sage, is a widespread aromatic plant of Lamiaceae family [6]. The biological 
characteristics of S. officinalis essential oil are mostly due to - and β-thujone, camphor and 
1,8-cineole [9]. Therefore, this research aimed to evaluate the inhibition of Fusarium 

avenaceum and Fusarium poae growth by sage (Salvia officinalis L.) essential oil. 

METHODS 

F. avenaceum and F. poae pathogens were isolated from infected strawberry plants. Single-
spore isolate colonies grown on PDA for seven days, were used for the experiments. Dried sage 
leaves were used for the extraction of essential oil (EO) using Clevenger apparatus. Potato 
dextrose agar medium was mixed with essential oil making 800-1400 µL L-1 concentrations. 
Medium with extract was poured in Petri dishes and 7 mm diameter disc of pathogens’ colony 
was placed in the centre. After 2, 4 and 7 days, radial colony growth (cm) of the pathogens was 
measured. Results were compared with radial colony growth in control Petri dishes, where no 
essential oil was added. 
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RESULTS 

The results revealed contrasting inhibition of the fungi depending on the amount of oil. The 
high inhibition using tested EO was observed on F. avenaceum, however, F. poae was 
significantly resistant to all examined concentrations of EO. According to the results, after two 
and four days of inoculation inhibition of F. avenaceum growth was not statistically significant 
compared to control, however, on the 7th day essential oils successfully reduced pathogen 
growth. Treatment with 1200 µL L-1 concentration essential oil had the highest inhibitory effect 
against F. avenaceum since radial colony growth was 0.91 cm lower than in control treatment 
after 7 days of inoculation. The results of the 7th day measurements are presented in the Figure 
1. 

 

Fig. 16. Radial colony growth of F. poae and F. avenaceum on the 7th day 
after inoculation after treatment with S. officinalis essential oil under 

different concentrations 

CONCLUSIONS 

To conclude, although none of the tested concentrations supressed the growth of F. poae, 
significant antifungal activity against F. avenaceum was discovered. The highest inhibition of 
pathogen growth was achieved with 1200 µL L-1 concentration of essential oil, as it reduced the 
growth of the fungus compared with control treatment the most. Based on the results of this 
study, application of sage essential oil could be an alternative technique for control of F. 

avenaceum. To determine S. officinalis essential oil’s efficiency on different fungi, more 
experiments should be conducted in the future. 

Keywords: biocontrol, fungal pathogens, Fusarium avenaceum, Fusarium poae, sage essential 
oil. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

The control of weeds in agriculture has been a significant concern since the beginning of 
agriculture. Plants compete for the resources they share (light, water, nutrients). However, 
usually, research only accounts for the competitive effect of the crop up on weeds and rarely 
for competition between weed species in the field. [1]. Developments in weed management 
have strongly focused on monitoring of weed germination dynamic. Assumptions about and 
simplifications of weed biology are necessary for any model of weed population dynamics. 
That lets us know better about the population of the weeds, which are common in different 
fields and increasing the efficiency of herbicides or substituting herbicides with other single 
tactics such as mechanical control [2]. Weed control is essential to reduce crop yield losses. 
Prevent the spread of weed seeds by reducing their stocks in the soil. Most of the weed seeds 
entering the soil are matured seeds of annual weeds before crop harvest [3;4]. Extensive 
research on weed biodiversity, germination dynamics, and seed bank changes using different 
intensities of tillage, catch crops would allow us to assess the potential for integrated weed 
control, not only in traditional but also in sustainable tillage practices. Regarding changes in 
the composition of the weed community using one or the other conservation agriculture 
principle, the results vary depending on the system. However, there is a strong tendency to filter 
perennials (the organs of perennial weeds are not damaged) [5]. 

Integrated weed control has been poorly implemented, with little evidence of a concomitant 
reduction in herbicides. Others research on this topic has focused on how crop yields and weeds 
are affected by different factors such as tillage, herbicide application times and rates, catch 
crops, and sowing patterns [6].  

Traditional weed control measures must move from a single tactic and growing season to 
integrated weed management. It will make farming systems more sustainable in practice. 
Consider more than one harvest season and focus on managing weed communities instead of 
individual species control. The effects on weed abundance seemed different for each of these 
two principles: reducing tillage tends to increase weed abundance while crop diversification 
tends to decrease it [7;8]. Soil tillage is widely known as the main factor explaining the 
community's high percentage of annual species [9]. By frequently disturbing the soil surface, 
soil tillage filters mainly plant able to survive unfavourable perturbations in the form of seeds 
or, to a lesser extent, underground organs capable of vegetative propagation (e.g., rhizomes) 
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[10]. Weed seeds buried by soil tillage remain dormant before being brought back to the soil 
surface by the following soil tillage [11;12]. Due to the absence of soil disturbance when 
adopting conservation agriculture, seeds remain concentrated on the soil surface, and annual 
species are partly replaced by perennials [9]. 

Should the ongoing controversy regarding the effects of glyphosate on human health and the 
environment lead to a ban on glyphosate, the options available to farmers for control of 
perennial weeds will be severely restricted [13]. If the European Commission bans glyphosate, 
the chemical farms will have to reorient and use more sustainable agricultural methods 
(growing cover crops, applying crop rotation), reducing weeds, and improving degraded soil 
quality. The main target of our study is to adapt growing technologies without broad-spectrum 
herbicides, such as glyphosates. 

METHODS 

The field experiment was started in the Institute of Agriculture, Akademija, Kėdainiai district 
in 2021. The research aim is to evaluate proper integrated weed management in sustainable 
tillage for winter wheat (W) and winter oilseed rape (R) growing technologies. The previous 
crop for W was field pea (P) and for R – spring barley (B). The experiment was established at 
split-plot design in 4 replications. 

Table 1. Experimental design 

Factor A – tillage 
C Conventional ploughing (20-22 cm). 
H Harrowing (8-10 cm). 
N No tillage – direct drilling. 

Factor B: weed control technologies 
T 
 

WTP 
 

RTM 

Traditional (intensive herbicides usage, including glyphosate 
application before or after drilling, before emergence of crop). 
winter Wheat, Traditional weed control (including glyphosate 
application before drilling), after field Pea. 
winter oilseed Rape, Traditional weed control (including 
glyphosate application after drilling before emergence of 
crop), after spring Barley. 

I 
WIP 

 
RIB 

Integrated (cover crops, herbicides usage on-demand, excluding 
glyphosate). 
winter Wheat, Integrated weed control (white mustard was 
drilled after field pea harvest ), after field Pea 
winter oilseed Rape, Integrated weed control (field beans 
drilled between the rows in oilseed rape), after spring Barley. 

In traditional weed control technology, glyphosate was applied after oilseed rape drilling before 
germination and before winter wheat drilling. Subsequently, when the barley volunteers 
germinated, graminicides were sprayed in all treatments. No other herbicides were applied on 
oilseed rape in the autumn. The herbicide the broad-leaved weed control will be selected 
according to weed spectrum and used in spring of 2022. 

Assessment of weed and crop germination were carried out five times: first counting was done 
after germination and weekly after that. Determination of the species composition of weeds and 
crop: density (number), growth stages of development in winter wheat and winter oilseed rape. 
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The assessments were performed at four fixed quadrates in each plot using 50 x 50 cm (0.25 m2) 
metal frames. Averages were calculated for each plot and used in the calculation of mean and 
the standard error. 

RESULTS 

Winter wheat and winter oilseed rape are the most common in the farmers’ fields. For that 
reason, it is essential to find the best way to adapt integrated weed management into farms and 
get more benefits. Observations of weed germination dynamics have shown that annual 
broadleaves weeds predominate in the crop.  

During the monitoring and calculation of weed germination in winter wheat after pea, it was 
observed that in the first year of the integrated technology, the number of weeds was higher 
than with the traditional cultivation technology (Fig.1). There was lower weed density in no-
till compared with conventional tillage. Higher weed density in conventional tillage might occur 
due to better tilth and exposure of weed seeds to the upper soil layers. 

Observing the germination of weeds weekly, showed that the number of weeds increased in all 
plots until the moment when the oilseed rape started to overgrow them, thus creating 
interspecies competition (Fig.2). 

 

Fig. 1.  Weed germination dynamics in winter wheat after peas 
(C- Conventional ploughing; H – Harrowing; N – No-tillage. WIP – winter wheat, integrated, after peas; WTP – 
winter wheat, traditional, after peas) 
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Fig. 2. Weed germination dynamics in winter oilseed rape after spring 
barley 

(C- Conventional ploughing; H – Harrowing; N – No-tillage. RIB – winter oilseed rape, integrated, after spring 
barley. RTB – winter oilseed rape, traditional, after spring barley) 

CONCLUSIONS 

Weed germination depended on the chosen soil tillage; growing was more intense in 
conventional than in sustainable or no tillage. 

Monitoring the weed growth dynamics is expected to help select the right time to apply 
herbicides, select the right products, and justify the principles of integrated weed control.  

Keywords: (Weed dynamics, sustainable tillage, integrated weed management) 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

In apple orchards, the use of pesticides is relatively high for numerous pests and diseases control 
[5]. The highest consumption of pesticides is required to control apple scab, caused by Venturia 

inaequalis (Cooke) G. Winter 1875, which is the most important apple disease, causing 
economic losses in many apple production areas, including the Baltic region [6, 7]. Fungicides 
are sprayed most intensively during the primary infection period from the start of bud break 
(BBCH 53), which is usually set in April until the end of June, when most of the overwintered 
leaves are decomposed. Apple scab is one of the diseases that need to be controlled 
preventively, and fungicides are used to protect healthy leaves from becoming infected. For 
detection of infection risks, the decision support system RIMpro (RIMpro B.V., Zoelmond, 
Netherlands) has been used in Latvia since 2003 [4]. According to RIMpro, protective fungicide 
applications are recommended to control apple scab. In integrated pest management (IPM) 6–
12 fungicide sprays are commonly applied against apple scab each season. Up to 85% of 
applications are done by protective fungicides, mainly using products containing active 
substances dithianon, captan, mancozeb, and copper (II) hydroxide. Higher doses than curative 
fungicides usually characterize protective products. Considering that public concern about the 
possible side effects of pesticides on health and the environment has been increasing over the 
past decade, there is a need to evaluate the risks of using different substances. One way to 
reduce the number of protective sprays would be using systemic fungicides when there is an 
increased infection risk [3]. However, its outdated and no longer recommended due to 
resistance developed by the pathogen to individual single-site fungicide groups. The most 
commonly used groups are anilinopyrimidines (cyprodinil) and demethylation inhibitors 
(difenoconazole). Relatively less commonly used are guanidines (dodine), and quinone outside 
inhibitors (kresoxim-methy). Recent observations show a reduction of fungicide efficacy 
therefore it was suspected that in some orchards V. inaequalis had developed fungicide 
resistance. Our study aimed: (i) to assess which substances have been used more intensively so 
far and to determine pesticide risk indicators, and (ii) to analyse the use of curative fungicides 
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causing resistance risk. Collection and analysis of fungicide use data is a valuable tool to the 
farmer that could support IPM implementation, avoiding the use of more harmful substances 
and avoiding resistance risk.  

METHODS 

The 10-year spray data were collected from six orchards to assess potential risks from fungicide 
use. For environmental risk assessment, a pesticide risk indicator was used, the pesticide load 
(PL), which was recently introduced in Denmark [2]. The PL consists of three sub-indicators 
for human health (PLHH), ecotoxicology (PLECO), and environmental fate (PLFATE), 
respectively. A pesticide load (PL) was calculated and expressed as the PL per unit of the active 
substance (kg or L) for each sub-indicator. In addition, 12 samples of apple scab were collected 
in 2020 and 2021 to determine whether fungicide resistance had developed against 
difenoconazole and cyprodinil in the apple orchards and the sensitivity of the fungus was 
evaluated on the population level. 

RESULTS 

Fungicide use data reported by the farmers from 10 growing seasons showed a marked variation 
between farms and years, but it is visible that protective fungicides are the most important group 
overall, followed by systemic fungicides. More widely used protective substances in the 
analyzed period were mancozeb, copper (II) hydroxide, and captan. These three active 
substances also formed the highest total pesticide load. The highest load by environmental fate 
sub-indicator was for the copper (II) hydroxide, and the highest load by the human health was 
for the captan. However, the evaluation methodology must be revised considering that 
mancozeb has been identified as an endocrine disruptor without adding the hazard statement 
[1]. Reducing the number of registered active substances will increase the consumption of the 
remaining active substances. Resistance tests showed reduced sensitivity of the pathogen to 
difenoconazole and cyprodinil. Sensitivity of the apple scab population to cyprodinil was 
reduced and showed a strong correlation with the intensity of use of anilinopyrimidines. 

CONCLUSIONS 

Protective substances form the highest total pesticide load. Reducing the range of protective 
products available to farmers, the use of curative products may increase thus increasing 
incidence of fungicide resistance. The solution would be to use more plant protection products, 
which are allowed in organic growing, but also safety of them should be further assessed.  

Keywords: Venturia inaequalis, pesticide load, pesticide risk indicator, resistance risk, RIMpro  
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Winter wheat is one of the most important and widely grown cereal crop in Lithuania. 
According to official data, last year winter wheat area accounted for more than a half of all 
grown cereals nationally. As climate changes in our region, warm autumn not only prolongs 
winter wheat vegetation but also induces opportunities for crop pests and pathogens to thrive. 
Rise in the annual mean of temperature by approximately 2 °C was recorded in northern 
Lithuania throughout 1961-2015 period with a distinguishable mid-winter warming. 
Furthermore, projected future scenarios suggests that temperature of September and November 
will increase, thus delaying the dormancy start of winter wheat [1].  

Fusarium spp. and other seed-borne pathogens can negatively affect seed germination and 
considerably reduce plant viability in early growth stages [2]. According to Jonavičiene’s 
research (2017) root damages in winter wheat is caused by Fusarium species graminearum and 
avenaceum Microdochium spp. nivale and majus pathogens [3]. Microdochium pathogens 
proliferate in tissues of winter cereals and in favourable conditions cause snow mould. 

Bankina et al. [4] observed strong connection between early sowing and snow mould incidence. 
More developed cereal crops are more susceptible to this disease [5] and it results in winter 
damage, that can significantly affect yield variability [6]. The possible solutions to avoid winter 
damage would be late sowing, the usage of pathogen-resistant cultivars and fungicide 
treatments [7]. Aim of this study was to evaluate sowing time and cultivar influence on winter 
wheat overwintering in the context of weather conditions from autumn until early spring. 

METHODS 

Winter wheat field experiment were carried out in Lithuania in 2020–2021. Untreated seeds of 
four cultivars: ‘Ada‘, ‘KWS Emil’, ‘Etana’ and ‘Skagen’ were sown at optimal sowing time 
(18th of September) and late sowing time (8th of October). Field germination at the end of 
emergence was evaluated by counting number of seedlings on five marked 2 m length rows 
diagonally across each 15 m2 plot. Second count of surviving plants in same rows was carried 
out in spring. Infection levels of seedling blight (scale 0–3) and foliar diseases (% of damaged 
area) assessed in late autumn and early spring by 30 randomly picked seedlings from each plot.  
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RESULTS 

Snow cover formed on unfrozen ground and temperatures fluctuated around 0 °C for more than 
a month during winter 2020-2021. Such conditions were ideal for high occurrence of snow 
mould. Snow mould severity percentage ranged from 12.4 to 55.1% and from 8.4 to 17.0% in 
optimal and late sowing timings respectively. At optimal time sown cv. ‘Etana’ was 
significantly more damaged compared to other cultivars while all late sown cultivars showed 
similar susceptibility to snow mould. At high infection level cv. ‘Skagen’ showed lower 
susceptibility to diseases in this trial.  

The amount of surviving plants numbers at the end of wheat wintering implies that for the most 
of grown cultivars (except ‘Skagen’) late sowing time had positive effect on wheat wintering. 
Overall overwintering percentage ranged from 88.5 to 73.7 (optimal sowing time) and from 
91.6 to 59.9 in late seeding. Data suggested that cv. ‘Ada’ had the highest percentage of 
survived plants in both optimal and late sown plots. ‘KWS Emil’ had slightly lower surviving 
plant numbers compared to other cultivars of optimal sowing time. Most plants were lost in late 
sown plots of cv. ‘Skagen’. Probably that high infestation of seedling blight in this variety 
affected surviving of crop during winter.  

The damage of root rot on plants varied from 7.8 to 20.8 percent in plots of optimal sowing 
time and from 9.2 to 19.2 % in late sown plots. The data suggested that sowing time did not 
have influence on root rot severity for each cultivar, but differences between cultivars recorded. 
Seedlings of cv. ‘Skagen’ were significantly more damaged by seedling blight at both sowing 
times compared to other cultivars.  

CONCLUSIONS 

In summary, one-year results showed that later sown winter wheat is less susceptible to snow 
mould thus increasing percentage of overwintered plants. No sowing time influence of severity 
of seedling blight was established. Cv. ‘Skagen’ was significantly more damaged by seedling 
blight and late sown plots had the most plant lost during winter.  

Keywords: Overwintering, snow mould, winter wheat. 
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EXTENDED ABSTRACT  
 
 

OVERVIEW 

Plant pathogenic fungi Zymoseptoria tritici is one of the most common wheat pathogens in 
Lithuania which causes the disease Septoria tritici blotch (STB) on wheat leaves. Pathogenicity 
is pathogen’s ability to infect plant tissue and not only cause damage to the host but also spread 
the disease further. Virulence and aggressiveness are considered components of pathogenicity. 
Virulence is defined as the pathogen’s ability to infect the host and aggressiveness – as the 
amount of damage the pathogen causes to the host [1]. There are several components of 
aggressiveness. Suffert et. al. [2] distinguished these in particular: incubation and latent periods, 
disease intensity and sporulation. It is known that disease intensity may fluctuate not only due 
to climatic situation over years but also due to differences in Z. tritici populations locally [3]. 
Therefore, Z. tritici was tested to determine possible differences between aggressiveness 
components of this pathogen populations in Lithuania.  

METHODS 

Leaf samples with STB lesions originating from different locations of Lithuania were collected 
in 2019 and 2020. Each year twenty isolates representing different locations were isolated from 
leaves. Two winter wheat cultivars (‘Arkadia’ as more susceptible and ‘Kena DS’ as less 
susceptible) were used for inoculation in a greenhouse each year. Inoculation was performed 
on a labelled area (2 cm) of the second leaf of 21-day-old seedlings. To determine pathogen 
virulence these parameters were assessed: incubation and latent periods, STB infection 
intensity, sporulation [2]. To evaluate the incubation period, the interval between inoculation 
and occurrence of first symptoms was assessed, latent period – interval between inoculation 
and occurrence of pycnidia. To evaluate disease intensity inoculated leaves were assessed 
visually 24 days post inoculation (dpi). To assess sporulation all pycnidia were counted on 
labelled leaf area (2cm). 

RESULTS 

The incubation period of different isolates varied between 10-18 dpi and 6-10 dpi in 2019 and 
2020 respectively. In 2019 the incubation period for the majority of isolates in both cultivars 
was 14 days and in 2020 it was 8 days. Although the incubation period differed greatly between 
the years, the latent period was similar — 16-24 dpi in 2019 and 14-24 dpi in 2020. Cultivars 
did not influence incubation and latent periods length despite their different susceptibility to the 
pathogen. 
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Disease intensity 24 days post inoculation in 2019 ranged from 10.3 to 100% on cv. ‘Arkadia’ 
and from 4 to 100 % on cv. ‘Kena DS’. The isolate from Pasvalys district had the lowest 
intensity on both cultivars. The disease intensity of isolates from Kėdainiai, Raseiniai and 
Pakruojis districts(central and north Lithuania) reached 100 % on both cultivars. In 2020 disease 
intensity 24 dpi varied between 25-100 and 31.3-100 % on cv. ‘Arkadia’ and ‘Kena DS’ 
respectively. The lowest disease intensity was recorded with an isolate from Trakai 
district(southeast Lithuania) on both cultivars. Whereas the highest intensity was from isolates 
coming from Radviliškis and Kelmė districts on cv. ‘Kena DS’ and Radviliškis, Kėdainiai and 
Šiauliai districts(central and north Lithuania) on cv. ‘Arkadia’.   

All field isolates produced pycnidia on both cultivars. The count of pycnidia ranged from 3 to 
292 and from 11 to 257 in 2019 and 2020, respectively. In both years, lower sporulation was 
observed on the cultivar ‘Kena DS’. The mean count of pycnidia on this cultivar was 40.1 in 
2019 and 47.7 in 2020. Meanwhile, on the cultivar ‘Arkadia’, the sporulation was more than 
two times higher - the mean count of pycnidia was 132.8 in 2019 and 115.6 in 2020. Although 
the tendencies of total pycnidia count of isolates were similar on both cultivars, in 2019, two 
isolates had contradictory values on different cultivars. While on cv. ‘Arkadia’ isolate from 
Pasvalys(north Lithuania) district had high pycnidia count (140), on cv. ‘Kena DS’ was low 
(3). And the opposite outcome was of the isolate coming from Vilnius district(southeast 
Lithuania) on cv. ‘Kena DS’ the count of pycnidia was 143 whilst on cv. ‘Arkadia’ was 24. 
Morais et al. [4] established that isolates of Z. tritici are more adapted to induce disease on the 
cultivar from which they were isolated. Although the original cultivars of our isolates are 
unknown, our gathered data might coincide with findings of other researchers.  

Taken trait by trait, the isolates from 2019 had different aggressiveness depending on cultivars. 
While on cultivar ‘Kena DS’ isolate from Pasvalys district(north Lithuania) had low disease 
intensity and sporulation, on cultivar ‘Arkadia’ had moderate sporulation. Meanwhile, in 2020 
the isolate from Trakai district(southeast Lithuania) could be considered as the least aggressive 
amongst all isolates. This isolate on both cultivars had a long latent period (24 dpi), low disease 
intensity and lowest count of pycnidia. From correlation analysis, it was found that sporulation 
is affected both by incubation and latent periods’ length. Correlations between sporulation and 
incubation or latent periods showed a negative relationship between these indicators.   

CONCLUSIONS 

In summary, the two-year research showed a tendency of isolates coming from central and north 
regions of Lithuania to induce higher disease intensity and sporulation. Results of this study 
showed that the longer incubation and latent periods, the lower sporulation. 

Keywords: Zymoseptori tritici, aggressiveness, winter wheat  
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Yellow rust (caused by Puccinia striiformis f.sp. tritici) has been considered as one of the main 
wheat diseases in cereal growing regions [1]. In susceptible varieties, yield losses can reach 
100% [2] if fungicides are not applied. In recent years new, aggressive races of P. striiformis 

f.sp. tritici have been identified in Europe [3]. In total, eleven isolates of P. striiformis f.sp. 
tritici were collected in Latvia and multiplied. The race identification was made based on an 
isolate infection type assessed at seedling stage on wheat differential set with diverse known 
resistance genes. According to assessment data, two isolates were identified as genetic lineage 
PstS7 (race Warrior), five as PstS10 (race Warrior –), while four isolates caused symptoms that 
did not correspond to any prevalent genetic lineages of the pathogen in Europe.  
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METHODS 

Eleven samples of uredospores of P. striiformis f.sp. tritici were collected in the North-Western 
part of Latvia during two vegetation seasons. Spore multiplying, wheat inoculation, and disease 
assessments were made according to [4]. Multiplication of uredospores was performed in a 
greenhouse of Plant Protection Research Centre “Agrihorts” of the Latvia University of Life 
Sciences and Technologies. A differential set of twenty wheat genotypes (‘Ambition’, ‘Avocet 
Yr6’, ‘Avocet Yr8’, ‘Avocet Yr9’, ‘Avocet Yr17’, ‘Avocet S’, ‘Avocet YrSp’, ‘Carstens V’, 
‘Cartago’, ‘Chinese 166’, ‘Cortez’, ‘Heines Kolben’, ‘Hybrid 46’, ‘Kalyansona’, ‘Lee’, ‘Moro’, 
‘Opata’, ‘TP 981’, ‘Vilmorin 23’ and ‘VPM1’) was used for phenotyping. At the two-leaf stage, 
plants were inoculated with uredospores of P. striiformis f.sp. tritici and placed in a growth 
chamber in the dark, at 10 ºC with a high humidity level (> 70%), for sixteen hours. On the next 
day, plants were moved to the greenhouse with the following growth conditions: humidity 70%, 
and a sixteen-hour daylight period with 17 ºC and 12 ºC during the night period. After three 
weeks, assessments were done following the internationally used disease scoring scale [4]: 0 - 
the incompatible reaction with no symptoms; 1-2 - chlorotic and necrotic flecks; 3-4 - chlorosis 
and necrosis with limited sporulation; 5-6 - chlorosis and necrosis with moderate sporulation; 
7 - abundant sporulation with chlorosis; 8-9 - abundant sporulation with dense chlorosis and 
necrosis (score 7-9 was considered as compatible reaction). 

RESULTS 

Compatible or incompatible reactions between P. striiformis f.sp. tritici isolates and wheat 
differentials were analysed, and virulence phenotyping was performed. Observed infection type 
and information about resistance genes of each wheat genotype and known virulence genes of 
most common races in Europe allowed defining the race for most of the studied isolates.  

One isolate in 2020 and one in 2021, was identified as Warrior race belonging to PstS7 genetic 
lineage. Three isolates in 2020 and two isolates in 2021 corresponded to Warrior(‒) race (PstS10 
genetic lineage) (Table 1). Both genetic lineages have been common in Europe since 2011 [5]. 
Two isolates in 2020 and two isolates in 2021 showed virulence phenotype on wheat seedlings 
different from those known of main genetic lineages in Europe. Detailed research on race 
typing, including these isolates, are necessary.  

Table 1. Genetic lineages of P. striiformis f.sp. tritici identified in Latvia in 2020-2021. 

Place of 
collection 

Genetic 
lineage Race Virulence 

phenotype 

Number of 
isolates 

2020 2021 
Talsu novads, 

Latvia; Dizstende, 
Latvia 

PstS7 Warrior 
1,2,3,4,-,6,7,-,9,-,-

,17,-,25,-
,32,Sp,AvS,Amb 

1 1 

Dizstende, Latvia PstS10 Warrior(‒
) 

1,2,3,4,-,6,7,-,9,-,-
,17,-,25,-,32,Sp,AvS 3 2 

 CONCLUSIONS 

Aggressive races of P. striiformis belonging to the PstS7 and PstS10 genetic lineages were 
found in Latvia in 2020-2021. Identified races are destructive and able to cause epidemics on 
wheat fields. Considering genetic variability, identification of the races of P. striiformis f.sp. 
tritici should be done every year and research should be continued. 
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ABSTRACT 

Depending on the developing technological situations, the tendency of people to use 
alternative products of plant-based milk is increasing. In the present study, it was 
aimed to heat oat milk from 10 to 90 °C in 5 different voltage gradients and to 
examine the change of electrical conductivity value during the process. It has been 
found that the heating time with the ohmic system varies between 78 and 336 s. In 
addition, it has been determined that the time to reach the target temperature shortens 
as the voltage gradient increases in the heating process with this system. When the 
electrical conductivity value was examined, the electrical conductivity value 
increased due to the molecular mobility in the product as the temperature increased. 
Also, it was determined that the relationship between temperature and electrical 
conductivity was linearIt has been determined that oat milk can be heated using the 
ohmic heating system. It is expected that the use of current methods in such products 
will make a serious contribution to the literature.  
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INTRODUCTION 

Ohmic heating, which is called by different names such as joule heating and electrical resistance 
heating, is based on the principle of heating the product between two electrodes. The alternating 
current passing through the product creates heat generation in the product and heats the product 
[1]. In addition, ohmic heating process is defined as homogeneous, fast, and efficient heating. 
Ohmic heating process is studied by researchers in areas such as heating [2], evaporation [3], 
extraction [4], thawing [5] and cooking [6]. One of the most important parameters of the ohmic 
heating process is the electrical conductivity values [7]. The importance of electrical 
conductivity is expressed by the studies for the fast and homogeneous heating of products [8,9]. 

Plant-based milk is preferred as an alternative to animal-derived milk due to the nutritional 
preference and health problems of people [10,11]. Almond, soy, coconut, hazelnut, and oat milk 
are the leading alternative plant-based milks [12]. Studies on the use and production of oat milk, 
especially in terms of its functional properties, have been increasing recently. 

The milk needs to be heated in order to be used in subsequent processes. In particular, if it is 
used in yogurt or pastry products, it must be pasteurized. Electrical heating is preferred in the 
industry because the temperature control of it is easy and operating costs are lower. One of the 
most important parameters of ohmic (electrical) heating is electrical conductivity (EC). Because 
EC describes the relationship between current, voltage and physical properties of the system. 
Energy generation and heating rate vary depending on the applied voltage gradient and the 
electrical conductivity value of the food. Due to the sudden rise to the desired temperatures, the 
heating time in ohmic systems is very short and this affects the quality of the product positively 
[13-15].  

If you were to walk into a grocery store today, there would be countless options for an oat drink. 
The number of options has increased significantly compared to the options available ten years 
ago. Possible reasons for the diversification of the dairy market include the impending global 
warming crisis and a growing movement for ethical treatment of animals. The estimated global 
market value of oat milk is approximately US$ 4,000,000,000 and is expected to grow at a rate 
of 9.8% per year [16]. The aim of the present study was heating the oat milk, whose production 
has become increasingly important, from 10±1 °C to 90±1 °C at different voltage gradients by 
ohmic heating process and to examine EC change during the process. In this way, it is aimed to 
provide data for commercial productions by using alternative techniques.  

METHODS 

Old fashioned rolled oats were purchased from a local grocery store. After adding 100 g of the 
oats and 1000 ml of distilled water (ice cold) into the blender, the blender (Waring, 
HGB2WTS3, USA) was run for 20 seconds. Then, the obtained mixture was filtered into a 
clean container with a high quality tightly woven nut milk bag. The sediment-free milk was 
taken into a glass bottle and stored in the refrigerator at +4 °C until the time of use.  

60 ml of the oat milk sample was taken and heated in 5 different (20, 25, 30, 35 and 40V/cm) 
voltage gradients from approximately 10 °C to 90 °C in the ohmic heating cell. Ohmic heating 
system consists of a computer, power supply, electrodes (stainless steel, 1×40×150 mm), test 
cell (40×60×100 mm) and T-type thermocouple (Cole Parmer, UK). Temperature, current and 
voltage values were recorded every second with a custom-made microprocessor. Electrical 
conductivity values were calculated with Equation 1 using the data received from the system. 
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In addition, Equation 2 was used to express the relationship between temperature and electrical 
conductivity. 

  (1) 

   (2) 

Here, I, V, L and A donate current (ampere), voltage (volts), distance between two electrodes 
(m) and electrode contact area (m2), respectively. Also, T denotes temperature while a and b 
are equation constants. SPSS 25 (IBM, USA) program was used for the statistical evaluation of 
the study and the confidence interval was accepted as 95%. All experiments were repeated 3 
times. 

RESULTS 

Time dependent temperature change during heating of the milk from 10±1 °C to 90±1 °C using 
ohmic heating is given in Figure 1. As a result of the heating process, the time for the oat milk 
to reach the desired temperature was determined as 336, 220, 142, 100 and 78 seconds for the 
voltage gradients of 20 V/cm, 25 V/cm, 30 V/cm, 35 V/cm and 40 V/cm, respectively (p<0.05). 
As can be seen from the data here, the increase of voltage gradients shortens the heating time. 
Similarly, the processing time was shortened as the voltage gradient increased during the 
heating of the products using the ohmic heating process.  It has been reported that the processing 
times are shortened due to the increasing voltage gradient in the thawing [17], evaporation [18], 
cooking [19], distillation [20] and extraction [4] processes, which are among the food 
engineering applications. Electrical conductivity is one of the most important parameters in the 
ohmic heating process. It was determined that the electrical conductivity value increased with 
temperature. The main reason for this is that the molecular mobility in the product increases 
with the increasing temperature value and accordingly the electrical conductivity increases [21]. 
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Fig. 4. Time dependent temperature change of oat milk at different voltage 
gradients, While the longest operating time was obtained at 20V/cm, the 

standard deviations of the mean values were higher at 25 and 30V/cm 
voltage gradients. 

The change of the electrical conductivity value depending on the temperature during heating of 
the milk in 5 different voltage gradients is given in Figure 2. It has been found that the electrical 
conductivity value of the milk varies between 0.13-0.51 S/m. Also, the electrical conductivity 
value increases as the temperature value increases during the heating process. EC value can be 
obtained at different temperature and voltage gradients for different products. Because the 
electrical conductivity value changes depending on the system properties and the components 
in the product. Therefore, having more data for such products contributes more to system 
development.  
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Fig. 5. The change of the electrical conductivity value depending on the 
temperature at different voltage gradients during heating of oat milk, 

Although the voltage gradients were different, the electrical conductivity 
was similar and the standard deviations of the mean values were higher in 

the 30V/cm voltage gradient. 

During the heating of milk with ohmic system, there was a positive relationship between 
temperature and electrical conductivity value and this relationship was found to be linear. The 
temperature-EC equations of the linear relationship are given in the table for the different 
voltage gradients. When the overall ohmic heating studies are examined, it has been reported 
in different studies that the electrical conductivity value increases as the temperature increases 
and there is a linear relationship between temperature and EC [22, 23]. However, it has been 
reported that while EC-temperature is linear during the heating period, especially in evaporation 
studies where molecular mobility is restricted, the EC-temperature relationship is negatively 
affected after boiling starts [24]. In fact, as the total soluble solid content increases, it has been 
determined that the EC values are negatively affected due to the decreasing current values. 
Cevik (2021), in his study with ohmic heating at 13, 15, 17 and 19 V/cm voltage gradients, 
reported that the electrical conductivity values of verjuice samples increased linearly depending 
on the increase in temperature [25]. In a different study, it was reported that the electrical 
conductivity values of grape juice samples, which were subjected to ohmic heating at 4 different 
voltage gradients, increased linearly with temperature [26]. In addition, the researchers found 
that the highest electrical conductivity values were obtained at 85 °C and a voltage gradient of 
30 V/cm. 
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Table 5. The temperature-EC equations 

Voltage 
Gradient 

V/cm 
Equation S/cm R2 

20 0.4826xT+ 7.3765 0.9954 
25 0.4814xT + 7.4045 0.9992 
30 0.4771xT + 8.1953 0.9979 
35 0.4746xT + 8.2475 0.9991 
40 0.4781xT + 8.2423 0.999 

CONCLUSIONS 

The milk samples were heated up to 90±1 °C with ohmic heating process in 5 different voltage 
gradients, the processing time is shortened with the increasing voltage gradient, and serious 
foaming has occurred at the higher voltage. It has been determined that the electrical 
conductivity value varies between 0.13-0.51 S/m. It has been determined that the electrical 
conductivity value increases as the temperature value increases and there is a linear relationship 
between temperature and EC. 

Keywords: Ohmic heating, Oat milk, Electrical Conductivity, Temperature  
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Optimization of innovation and food technological processes not only increases the profits of 
companies, but also allows to achieve the set goals of the green course. The aim of this research 
was to collect data on biochemical composition of different parts of the raspberry different 
morphological parts and to present potential of usage in various fields of food industry. 

METHODS 

Chemical composition was determined of freeze-dried samples powder. Total phenolic content 
was determined by the Folin-Ciocalteu's spectrophotometric method [1] using gallic acid as the 
standard. Ascorbic acid content was measured by official titrimetric method [2].  

RESULTS 

The biochemical composition of berries (ripe and unripe), leaves, stems, leaves, inflorescence, 
seeds and roots total phenolic compounds, ascorbic acid (vitamin C) and micronutrients was 
determined. The amount of total phenolic content ranged from 1700 to 6500 mg/100 g gallic 
acid equivalent (GAE) per gram of dry weight (mg GAE/100g DW). The highest value was 
detected in berries, which is 26% higher than it was detected in the lowest value in the seeds. 
The amount of ascorbic acid content ranged from 60 to 140 mg/100 g of dry weight. The highest 
value was detected also in berries. 

The chemical composition of micronutrients of different morphological parts of raspberry is 
presented in Table 1.  

The data provided by the study confirm the need to properly optimize the processing of 
raspberries by exploiting all parts of the plant according to its biochemical compounds, to 
strengthen the marketing of the products sold as labelling, consumer information and 
presentation of the actual composition of the product. 
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Table 1. Micronutrient content of different raspberry morphological parts 

Research 
parameter 

Sample name and test results 

 

In natural 
matter 

Ripe 
berries 

Unripe 
berries Leaves Stems Inflorescence Seeds Roots 

Calcium 
content (Ca)% 0,13 0,59 1,15 0,65 0,72 0,13 0,83 

Magnesium 
content (Mg)% 0,14 0,31 0,47 0,15 0,37 0,11 0,16 

Boron (B) 
mg/kg 17,5 29,5 41,8 22,0 31,3 7,23 17,6 

Zinc content 
(Zn) mg/kg 20,7 26,1 18,0 17,5 38,6 18,0 18,9 

Copper content 
(Cu) mg/kg 6,90 10,2 4,98 3,20 6,05 2,93 6,05 

Iron content 
(Fe) mg/kg 37,2 57,1 83,4 46,0 59,1 35,6 1551 

Manganese 
content (Mn) 
mg/kg 

57,8 
179,2 164,4 119,3 248,7 40,4 

76,2 

CONCLUSIONS 

In conclusion, this research shows that different morphological parts of raspberry plant 
represent a potential source of natural food ingredients. The first study comparing the chemical 
composition of individual parts of the different morphological parts of raspberry is particularly 
significant in the development of waste-free technologies, increasing the economic value of 
raspberry farms. 

Keywords: raspberry, different morphological parts, total phenolic compounds, C vitamin, 
micronutrients.  
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Food loss and food waste are some of the major issues being recognized as a part of modern 
society. Approximately one-third of all the food is lost along the production and supply chain, 
leading to losses of valuable resources as well as creating environmental problems. The current 
food processing, production, consumption, and waste management approaches are not 
corresponding to the principles and aims of sustainability. The food waste and organic waste 
management problem becomes yet more urgent considering the aims set by a variety of 
environmental initiatives to abandon fossil material-based production and promote bio-based 
economy – bioeconomy, thus achieving climate neutrality and development of resource-saving 
practices [1]. Despite the efforts put in place by the EU achieving the set aims and the transition 
to bioeconomy much more knowledge and innovation is needed also in respect to properties of 
biomaterials, production and waste processing.  

Juice production is an industry that produces fruit or berry press residues (pomace) as a by-
product, which is often discarded in landfills or composted. Although these solutions are within 
the framework of the goals set by the different environmental initiatives, this type of waste 
lacks recognition, despite being rich in bioactive ingredients that could be retrieved. The 
research aims to study the composition of Vaccinium genus berries, common for NE Europe, 
as well as biorefining possibilities of their pomaces to support the development of extract 
applications in bioeconomy. The investigated berry press residues contain a variety of 
ingredients, polyphenols and lipids are the groups of interest due to their application potential 
in various products, where these compounds could be used as functional ingredients. 
Anthocyanins are the main polyphenols of berries – they are plant pigments that provide the 
vibrant colour of the berries while lipids are plant metabolites that are part of cell membranes 
and have a regulating function within the plant. Exploring the potential of berries and their 
industry by-products have the potential to reduce food loss and at the same time provide new, 
innovative, natural and healthy products with functionality for human consumption (Fig 1). 

METHODS 

Biomass used in this research has been obtained from local juice producing companies. The 
obtained press residues have been freeze-dried or dried in an airflow oven at 40˚C. Samples 
were homogenized using a blade mill with a 1 mm mesh size. A variety of extraction methods 

mailto:Linards.Klavins@lu.lv


642 
 

have been used. Polyphenols have been extracted using mostly polar solvents by ultrasound-
assisted extraction, solvent-solvent extraction, Soxhlet, while the lipids have been extracted 
using non-polar solvents in Soxhlet extraction unit, ultrasound-assisted extraction or 
supercritical CO2 extraction. Obtained extracts depending on the compounds of interest have 
been analysed using UPLC-MS/MS, UPLC-FT-ICR-HRMS  or GC-MS to identify individual 
substances. Group parameters have been estimated using spectrophotometric methods in 
microwell plates, for example, Folin-Ciocalteu for total polyphenolics, a pH differential method 
for estimation of total anthocyanins, DMAC assay for total flavanol contents, DPPH, ABTS, 
FRAP, ORAC, CUPRAC for determination of free radical scavenging activity. Application 
potential has been assessed using microbial assays, SPF (Sun Protection Factor) assay, as well 
as cell viability tests. 

RESULTS 

The obtained results indicate that all five of the investigated Vaccinium species berries bog 

cranberries (Vaccinium oxycoccos L.), American cranberries (Vaccinium macrocarpon L.), 

blueberries (Vaccinium corymbosum L.), bilberries (Vaccinium myrtillus L.), lingonberries 

(Vaccinium vitis-idaea L.) and bog bilberries (Vaccinium uliginosum L and their press residues 
are a valuable source of polyphenolics. These compounds can be extracted using ultrasound-
assisted extraction and slightly acidic ethanol – the optimal extraction conditions have been 
optimised using RSM approach [2]. Moreover, the extraction process has been optimised to 
extract procyanidins (especially procyanidin A2) from American cranberry press residues – in 
total 61 different procyanidins have been identified using UPLC-FT-ICR-HRMS ranging from 
dimers up to decamers. Antioxidant activity of the extracted polyphenlics has been attributed 
to the procyanidins as well as other phenolic compounds present in the berry press residues. 
Additionally, since press residues also contain the seeds and skins (which contain plant wax) 
the lipid profiles of all 5 of the berries were investigated. Free fatty acids, sterols, triterpenoids, 
and aliphatic hydrocarbons were identified. Berry press residues were rich in unsaturated omega 
fatty acids, beta-sitosterol, amyrins, oleanolic and ursolic acid, to name a few [3]. 

 

Fig. 1.  Proposed biorefinery approach for the valorisation of berry press 
residues. 
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CONCLUSIONS 

Berries are a natural source of a variety of biologically active compounds that have different 
effects on human health. The obtained ingredients show potential to be used in innovative 
products as functional ingredients, however, the effect of these compounds as well as the 
possibilities to obtain them must be further investigated to increase the viability of the processes 
used, thus justifying the inputs. 

Keywords: Berries, press residues, pomace, lipids, polyphenolics, biorefinery, bioeconomics 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Bee products have unique healing and nutritional properties. They include honey, propolis, bee 
pollen, royal jelly, beeswax, bee bread, bee venom. Bee products are widely used in the food, 
cosmetics and medicine industries. In addition, such products are the best immunostimulants in 
the fight against COVID-19 [1].  

However, there is a problem of considerable food falsification in the world. It is also applying 
to valuable bee products. Unfortunately, falsified and contaminated with impurities (paraffin, 
ceresin, antibiotics, pesticides, etc.) bee products lead to economic and moral losses for real 
producers, processors and consumers of bee products. Due to the available economic benefits 
and the lack of official analytical methods that can detect counterfeits, we are surrounded by 
unscrupulous producers, which illegally practice the production of low-quality substitutes of 
bee products. At the same time, the image of the industry in the international arena is worsening, 
there is a decline of beekeeping farms and people’s health is at risk due to the consumption of 
low-quality products. 

Therefore, a particularly important task today is to develop cheap, publicly available express 
methods for diagnosing the quality and safety of bee products. Since the method of near infrared 
spectroscopy (NIR) is a powerful modern method for analysing the quality of various foods, it 
can be used to assess the quality of honey [2]. The authors of the research [3] have analysed the 
freshness of honey and check its quality for authenticity using the method of Fourier transform 
infrared spectroscopy (FTIR). Infrared reflection spectroscopy in combination with 
multidimensional modelling can be an effective tool for simultaneous quantification of different 
groups of compounds and many physicochemical parameters of bee pollen [4]. 

METHODS 

In this work, the method of near infrared diffuse reflectance spectroscopy was used. Analysis 
of the reflection spectra was performed on a spectrometer “Infrapid-61” (company 
«LaborMIM», Hungary). The wavelength ranges at which the samples were analysed was 1.33 
– 2.37 μm. Spectral analysis of each sample was performed for 2 minutes. At the same time, 
the repeatability of the results was quite high (the reliability of approximation R2 was at least 
98%). 
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RESULTS 

As a result of experimental studies, dry multicomponent mixtures of powdered food products 
were analysed, the main component of which was white sugar or powdered sugar. These were 
industrial designs manufactured by Ukrainian manufacturer. They had impurities of ginger, 
cinnamon, cardamom, bodian, cloves, as well as bee pollen. Separately, spectral analysis of 
white sugar, powdered sugar and bee pollen was carried out. 

All samples were examined without prior sample preparation. For analysis, the sample was 
loaded into a ditch compartment and the spectrum of diffuse reflection was measured.   

The obtained results have showed the corresponding correlation between the reflection spectra 
and food powders of different compound with the content of bee pollen, which in the future 
may find wide practical application in the food industry.  

Infrared reflection spectra of natural beeswax and its counterfeits (containing paraffin, ceresin 
and their mixtures of different concentrations) were also analysed. All reflection spectra were 
analysed from different surfaces of the samples, namely the smooth surface formed after 
melting and hardening of the sample, and from the crushed samples. 

As a result of the research conducted by method infrared spectroscopy of reflection, it was 
found that: 

- the obtained reflection spectra from the smooth surfaces of the samples (beeswax, 
paraffin, ceresin and their mixtures) have a similar structure with two clearly expressed 
maxima of different intensities; 

- infrared spectra of diffuse reflection of crushed samples undergo certain changes 
compared to the spectra obtained from the smooth surface of the samples; 

- the most intense maxima do not change their position but there is a redistribution of 
spectral lines in intensity; 

- infrared spectrum of natural beeswax has a number of features that distinguish it from 
other spectra of the studied samples.  

That is to say, the proposed method of near infrared spectroscopy can be used to analyse wax 
raw materials and used to identify natural and adulterated (with the presence of impurities of 
different concentrations) beeswax successfully. 

CONCLUSIONS 

The analysis of the obtained experimental data allows us to conclude that infrared spectroscopy 
of reflection can be a promising rapid method for the analysis of bee products and solve a 
number of problems related to the control of their quality and safety. 

Keywords: infrared spectroscopy, bee products, analysis. 

 

 



646 
 

REFERENCES 

1. STANGACIU, S. Beekeeping products are the best allies of the immune system in the fight 
against the disease COVID-19. Overview of the online conference. Presentation II. 
Рhitotherapy. Сhasopys, 2020, No. 4, р. 61-71. 

2. WĘGLIŃSKA, M.; SZOSTAK, R.; KITA, A.; NEMŚ, A.; MAZUREK, S. Determination 
of nutritional parameters of bee pollen by Raman and infrared spectroscopy. Talanta, 2020, 
Vol. 212, No. 120790. 

3. PAULIUC, D.; CIURSĂ, P.; ROPCIUC, S.; DRANCA, F.; OROIAN, М. Physicochemical 
parameters prediction and authentication of different monofloral honeys based on FTIR 
spectra. Journal of Food Composition and Analysis, 2021, Vol. 102, No. 104021. 

4. PUŚCION-JAKUBIK, A.; BORAWSKA, M. H.; Socha, K. Modern methods for assessing 
the quality of bee honey and botanical origin identification. Foods, 2020, Vol. 9, No. 8, 
P. 1028. 
  

https://www.sciencedirect.com/science/article/abs/pii/S0889157521002210?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0889157521002210?via%3Dihub#!


647 
 

BERRIES WITH HIGH ANTHOCYANIN ACCUMULATION FOR 
ANTHOCYANIN EXTRACTION: A SHORT OVERVIEW 

A. Petruškevičius, D. Urbonavičienė, P. Viškelis 
Institute of Horticulture,  

Lithuanian Research Centre for Agriculture and Forestry  

Instituto al. 1, Akademija, LT-58344 Kėdainiai distr. – Lithuania  

 +370 684 04218 

 aistis.petruskevicius@lammc.lt  

 
 

EXTENDED ABSTRACT 
 
 

OVERVIEW 

In the developed countries there’s a noticeable increase of metabolic and cardiovascular 
disorders that are linked with improper, unbalanced diet and constant mental stress paired with 
sedentary lifestyle [1]. Ischemic heart diseases and cognitive decline disorders like dementia 
and Alzheimer’s disease are predicted to become an increasingly prevalent problem, especially 
in the aging societies [2], [3] and according to United Nations statistics, population of people 
aged 65 or older is currently the fastest growing age group worldwide [4]. Research studies 
published in the last decade show that phenolic compounds like anthocyanins and diet 
enrichment with them can have a positive effect on health. It was found that polyphenols can 
have anti-inflammatory properties, reduce the risk of oncological disorders, oxidative stress and 
illnesses that are caused by it – like cognitive decline, cardiovascular diseases [5]. Phenolic 
compounds are divided into two main groups – flavonoids and non-flavonoids. Anthocyanins 
are a part of the flavonoid group. Anthocyanins are water soluble pigments and accumulate in 
plant fruits, flowers, and vegetative organs in the cell vacuoles [6].  

Anthocyanins are widely used in the food industry as a food colouring additive. Because of its 
non-toxicity, abundance, fast biodegradability, and positive impact on health, it is getting an 
increasing attention not only as a natural food colorant, but also as a functional ingredient [7]. 
With the ever-increasing market demand for healthier, sustainably produced food options these 
features are easily marketable. Cyanidin, delphinidin, malvidin, petunidin, peonidin and 
pelargonidin are among the most common anthocyanins. Their colour ranges from red/orange 
(pelargonidin), magenta (cyanidin) to blue (delphinidin) [8]. In the acidic environment 
anthocyanins usually gain a red hue, in alkaline – typically blue/violet. Anthocyanins are highly 
unstable are sensitive to temperature, acidity, and are easily oxidised, gaining a brown colour 
[8], [9], [10]. This instability of natural anthocyanins causes some difficulties in cost-efficient 
industrial application of anthocyanin-based food colouring [10].  

Anthocyanin-rich flowers and fruits are a common ingredient in traditional cuisines worldwide, 
where they have been used for both enrichment of food with their vibrant colours and as spice, 
as well as in the traditional medicine for many illnesses ranging from treatment of bladder 
stones, spasms, mild pain relief, indigestion, fever [8], [11]. For finding the cause of these 
apparent benefits of anthocyanin rich plants healing capabilities numerous studies have been 
conducted. The results linked these positive health effects with specific anthocyanins and other 
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polyphenols found in various fruits and berries – in the in vitro studies it was found that 
anthocyanins reduced oxidative damage [12], increased mitochondrial respiration [13] and 
insulin secretion [14], while in vivo studies have found that chokeberry anthocyanins reduced 
male rat body weight gain [15], while anthocyanins found in blueberries reduced the risk of 
cardiac injury [16].  

Anthocyanin research for the food industry use shows a lot of possible benefits and could 
improve the quality of food products by replacing current unnecessary ingredients with 
functional ones, while anthocyanin application in the pharmaceutical supplement or medicine 
production could help establish new methods to either treat or prevent illnesses that are likely 
to become increasingly prevalent in the upcoming decades. The review aims, to identify the 
richest in anthocyanin berries that could be used for the anthocyanin extraction.  

METHODS 

In the reviewed research papers, published from 2004 to 2017, the main method of total 
anthocyanin estimation was pH differential method, with the absorption at 510 and 700 nm. 
High-performance liquid chromatography (HPLC) was used to identify and separate individual 
anthocyanins by their polarity. [17, 18, 19, 20, 22, 23].  

RESULTS 

Preliminary findings show the highest anthocyanin contents in Sambucus nigra and vaccinium 

myrtillus species with total anthocyanin contents up to 8.1 and 4.5 mg/g fresh weight 
respectably (Table). Slightly lesser anthocyanin content was found in Ribes nigrum berry with 
anthocyanin contents ranging from 1.5 to 3.8 mg/g FW. The least anthocyanin was found in 
species Vaccinium vitis-idaea with anthocyanin contents going up to 0.5 mg/g FW.  

Table. 1. Total anthocyanin contents of various berries in mg/g fresh weight 

Family Genus Species Total anthocyanin 
content, mg/g FW 

Ericaceae Vaccinium 

Vaccinium myrtillus 
2.4 – 4.5 [17], [18], 

[19] 

Vaccinium vitis-

idaea 
0.3 – 0.5 [19], [20] 

Grossulariaceae Ribes Ribes nigrum 1.5 – 3.8 [21], [20] 

Adoxaceae Sambucus Sambucus nigra 6.7 – 8.1 [17], [21] 

CONCLUSIONS 

With the broadening range of use cases for anthocyanins in both pharmaceutical and food 
industries, the demand for weight-efficient anthocyanin sources is likely to increase and as such 
it is useful to identify which berries are the most suitable for this purpose. While preliminary 
findings show that Sambucus nigra and Vaccinium myrtillus are among the most attractive 
choices as a berry of choice for anthocyanin extraction because of their high total anthocyanin 
content, further literature analysis is required to make this conclusion more reliable. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Medical plants are increasingly being used for medicinal and therapeutic purposes to treat 
various diseases and ailments, as well as for health improvement [1, 2]. Many plants contain 
large amounts of antioxidants such as polyphenols, which can significantly absorb and 
neutralise harmful free radicals, quenching singlet and triplet oxygen, or decomposing 
peroxides [3]. Furthermore, it is reported that phenolic compounds with antioxidant properties 
have anticancer, antibacterial, and anti-inflammatory properties [4]. The most common in vitro 
methods used to evaluate the antioxidant activity are ABTS•+ (2,2’-azinobis(3-
ethylbenzothiazoline-6-sulfonic acid), DPPH• (2,2-diphenyl-1-picrylhydrazyl) and FRAP 
(ferric reducing antioxidant power) [5]. Essential oil is frequently found in various parts of 
plants, including roots, stems, leaves, flowers, and fruits. Plant essential oils have good 
biological activity, including antibacterial, antifungal, antiviral and antioxidant activity, aroma 
and flavour [6]. Aralia cordata Thunb (A. cordata) is a medicinal plant belonging to the 
Aralaceae family, grown mainly in China, Japan, and Korea, used in culinary and folk medicine, 
acknowledged as a medical herb with anti-nociceptive, antidiabetic, antioxidant, and anti-
inflammatory activities [7, 8, 9]. This plant is also grown in Lithuania but is not yet known and 
used. It is produced only by some Lithuanian herbalists and folk medicine specialists. This 
research aimed to determine the bioactive compounds and antioxidant activity of A. cordata 
leaves and berries and investigate the essential oil composition obtained from plant material by 
hydrodistillation was studied by gas chromatography-mass spectrometry (GC-MS).  

METHODS 

The study was carried out at the Institute of Horticulture, Lithuanian Research Centre for 
Agriculture and Forestry. Antioxidant activity and total phenolic concentrations were examined 
in a freeze-dried A. cordata ethanol/water mixture (70/30, v/v %) [10]. The total antioxidant 
activity was tested using the DPPH• scavenging capacity, ABTS•+ radical cation assay, and 
ferric reducing antioxidant power (FRAP) [10, 11, 12]. Essential oils were extracted using the 
hydrodistillation method, and the chemical composition of essential oils was analysed by the 
GC-MS.  
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RESULTS 

The total phenolic content obtained in A. cordata berry was 918 mg GAE/100 g and in leaves 
2328 mg GAE/100 g DW. To properly estimate the antioxidant activity of the ethanol extracts 
of berry and leaves, different antioxidant capacity assays (ABTS•+, DPPH• and FRAP) were 
used. The results showed that the leaves extract obtained the highest value in all radical 
scavenging assays. In addition, the yield of essential oils was detected in the fresh leaves (0.15 
ml/100 g) and berries (0.09 ml/100 g). Twelve compounds were identified in fresh A. cordata 
leaves, the most significant amount of β-pinene (75.59%), β-ocimene (15.25%) and α-limonene 
(7.24%) were obtained. Seven compounds were identified in fresh berries, and the highest 
amount of β-pinene (61.49%), α-ocimene (30.10%), and limonene (5.41%) were established. 

CONCLUSIONS 

The result demonstrated that A. cordata leaves had significantly high antioxidant activity 
potential, and it is a good source of bioactive compounds. Furthermore, by comparing the 
amount of essential oils in A. cordata leaves and berries, it was determined that the leaves 
accumulate a larger amount of essential oils. Besides, the most significant amount of 
compounds was identified in leaves compared to berries. Also, these results will form the basis 
for the selection of the A. cordata plant for further investigation of their novel bioactive 
components and their application in the food and pharmaceutical industry. 

Keywords: Aralia cordata; antioxidant activity; phenolic compounds, essential oil 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Enzymatically hydrolysed oats (Avena sativa) are a source of sugars and dietary fibers [1]. In 
particular, dietary fibers are, known as carbohydrates, consist of three or more monomeric 
sugars units [2]. However, different plant materials and enzymes release different amounts and 
lengths of sugars to aqueous media [3]. Continuously, these extracts may be used for beneficial 
strains growth, for green nanoparticles synthesis, and used as prebiotics potently [4,5]. The 
research aims to determine the alteration of biochemical composition in oats after enzyme-
assisted water extraction. Variation of amylases (AL), glucoamylase (GA), and non-starch 
polysaccharides (NSP) enzymes were used for enzymatic hydrolysis. Because the plant material 
is complex, with varied compositions and matrices, enzymes are used in mixtures or cocktails.  

METHODS 

Two different batches were performed for analysis. Milled oat cereals (> 0.5 mm) were 
homogenized with distilled water in a ratio of 1:5. Continuously, for the first batch 0.15% of 
AL and 0.15% NSP, and for the second batch 0.45% AL+AG, 0.15% NSP was incorporated. 
After 2,5 hours at 68ºC enzymatic extraction, liquid and solid fractions of oats were collected. 
Further on, the analysis of neutral detergent (NDF) and acid detergent fiber (ADF) with an 
ANKOM fiber analyser was implemented to evaluate hemicellulose, cellulose, and lignin 
content. Moreover, maltotriose, raffinose, maltose, glucose, galactose, fructose, xylose, 
arabinose, and ribose identification using HPLC analysis of extracts and after Minekus et al. 
[6] INFOGEST in vitro stimulated digestion was performed. 

RESULTS 

Table 1. shows hemicellulose, cellulose, and lignin content after ADF and NDF analysis. 
Results indicated that hemicellulose, cellulose and lignin content in hydrolyzed fractions were 
approximately 15,41 - 12,27% lower than control samples, which implements the non-starch 
polysaccharides enzymes hydrolytic properties. As results showed, 22,40% of A. sativa control 
consists of hemicellulose. Its content with AL, NSP and AL, GL, and NSP were 12,62% and 
6,67%, respectively. It indicates that glucoamylases cleave the released hemicellulose 
components into smaller monomers. 
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Table 1. Fiber content of A. Sativa control and after enzymatic extraction  

Sample name Hemicellulose, cellulose, and 
lignin, % Cellulose and lignin, % 

A. Sativa 
control 40,76 ± 1,97 18,36 ± 0,51 

A. Sativa I 
batch 28,49 ± 0,85 15,87 ± 1,83 

A. Sativa II 
batch 25,38 ± 2,45 18,91 ± 3,45 

For the profile of the sugar, glucose quantity was 94,5 ± 0,9 %, while the composition of other 
sugars differed 0,2 - 2,0 % in enzyme-assisted extracts. Similar tendencies were observed in 
samples after simulated in vitro digestion where dominated glucose monomeric units with 92.5 
± 1,45% and other saccharides varied in a range of 0,3 – 5,1%. In general, compared with 
control extracts prepared without enzymes, sugars content increased after hydrolysis for the 
first and second batches by 1,19 ± 0,04 and 1,43 ± 0, 09 times, respectively. 

Table 2. Sugars and organic acids content after INFOGEST in vitro digestion of 
enzymatically hydrolysed samples 

  Sample name 

Sugar name  A. Sativa 

control 
A. Sativa I 

batch 

A. Sativa II 
batch 

DP3* % 0,5 0,6 0,5 

Rafinose, % 1 0,4 0,5 

Maltose, % 0,7 0,4 0,4 

Glucose,% 90,1 93,1 92,1 

Galactose, fructose, xylose, % 6,8 4,4 5,1 

Arabinose, % 0,5 0,9 0,9 

Ribose,% 0,4 0,3 3 

Sugars, % 100 100 100 

Sugars, g/kg 484,56 ± 0,80 695,99 ± 1,11 576,4 ± 1,83 

Sugars and organic acids content 
g/kg 532,90 ± 12,74  762,54 ± 6,42 625,23 ± 1,83 

*DP3 – degree of polymerization (DP), which identify trisaccharides with three monomeric units. 

Results also indicate that the organic acid content in extracts hydrolysed with the AL and NSP 
enzymes cocktail increases the organic acid content by 18,21 g/kg compared to control. It 
correlates with Chen et al. [7] evaluation on α-amylase and A. sativa flours. Results showed 
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increased total phenolic content, especially avenanthramide 2c, ferulic and gallic acids 
compared after α-amylase treatment of 60min at 60 ºC. 

CONCLUSIONS 

Results indicate the significant role of enzymes incorporation in extraction methods. Fibers and 
starches were disturbed by releasing various lengths of saccharides and organic acids in an 
aqueous extract with cellulolytic and amylolytic enzymes. Additionally, extraction with mild 
extraction conditions and safe solvent were evaluated. Differentiation of monomeric sugars 
units indicates the structure of dietary fibers and sugars content of A.sativa, which includes 
xyloglucans, arabinoxylans, and mostly glucans and starches. Grain modification using 
enzymes-assisted extraction creates novel approaches for developing higher added-value 
products and comprehensive applications for green synthesis development. 

Keywords: Avena sativa, enzymes-assisted extraction, fibers, sugars, in vitro digestion 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Two Prunus species avium and cerasus are globally traded, which is called sweet (Prunus 

avium) and sour (Prunus cerasus) cherries. Cherries are from the Prunus genus (Eucerasus 
Section) and the Amygdyloideae subfamily of Rosaceae [1]. In recent years, sour cherry has 
been a very popular fruit in the world. It is characterized by a sour taste, juiciness, colour, which 
is changing from light to dark red, and a specific aroma. The health benefits of cherries are 
known for ages. Consumption of cherries has a positive effect on prevention of cardiovascular, 
Alzheimer’s and inflammatory diseases, improve appetite and lower blood pressure. All these 
beneficial advantages of sour cherries are due to high content of bioactives. These fruits are 
rich in various phytochemicals such as anthocyanins (cyanidin 3-glucosylrutinoside, cyanidin 
3-rutinoside, cyanidin 3-sophoroside, cyanidin 3-glucoside etc.), polyphenols (3-
caffeoylquinic, 5-caffeoylquinic and p-coumaric acids; catechin and epicatechin derivatives; 
glycosides of quercetin and kaempferol), carotenoids, some lipophilic compounds etc [2]. 
Today, cherries are consumed as fresh fruits or used for production of wine, juice, jam, they 
can be dried or processed into other products. Pressing cherry juice generates large amounts of 
pomace, most of which currently are discarded as a waste. Therefore, there is an urgent need of 
cherry pomace valorisation studies for their conversion into higher added value ingredients. 
The aim of this work was to develop separation technology for producing various nutrients 
(products rich in bioactive components) from cherry pomace using biorefining and green 
extraction concepts, as well as characterization of obtained extracts. 

METHODS 

Dried cherry pomace was fractionated by different sieves into 6 different fractions, ground in a 
centrifugal high-speed mill using a 0.5 mm sieve and stored in the hermetically closed glass 
jars in dark, dry and cool room (<18 ℃). The chemical composition of ground cherry pomace 
fractions was analysed according to the methods established by the Association of Official 
Analytical Chemists. Pomace first of all was defatted by supercritical fluid extraction with 
carbon dioxide (SFE-CO2) using 45 MPa pressure and 53℃ temperature [3]. The lipophilic 
extracts were analysed by different methods. Triacylglycerols (TAGs), sterols and tocopherols 
content were analysed by ultra performance liquid chromatography (UPLC), while fatty acids 
composition was determined by gas chromatography (GC). Total carotenoids content was 
measured by spectrophotometric method. Defatted pomace was further extracted by pressurized 
liquid extraction (PLE) with mixture of ethanol and water (70:30). Antioxidant activity of 
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different fractions polar extracts was evaluated by using different in vitro antioxidant capacity 
assays: the ABTS assay, which measures the relative ability of antioxidants to scavenge the 
ABTS, as compared with a Trolox standard; the Oxygen Radical Absorbance Capacity (ORAC) 
assay, which measures a fluorescent signal from a probe that is quenched in the presence of 
Reactive Oxygen Species (ROS) and added antioxidant absorbs the generated ROS. Total 
phenol content (TPC) was measured by Folin-Ciocalteu method. The anthocyanins 
composition of polar extracts was analysed by ultra performance liquid chromatography 
(UPLC). Proanthocyanidins content in extracts was measured by spectrophotometric method.  

RESULTS 

Proximate analysis of cherry pomace was performed before the application of supercritical fluid 
extraction with carbon dioxide (SFE-CO2) and highly depends on the primary composition of 
every fraction. The crude protein content varied from 9.71% to 16.41%. The highest protein 
content was found in 5F (16.41%), while the lowest in 3F (9.71%). The fat content of all the 
samples ranged between 5.04% (3F) and 12.16% (5F). Lipids were isolated by supercritical 
fluid extraction with carbon dioxide (SFE-CO2). Thus, the highest extract yield (8.69%) was 
obtained from 5F. In other fractions except the 2F, the extract yield was similar from 3.38% to 
3.94%. Linoleic, oleic and palmitic acids were major compounds in extracted triacylglycerols. 
The concentration of carotenoids was higher in CO2 than in Soxhlet extracts, 1.22-2.56 and 
0.56-1.93 mg β-carotene/g, respectively. Consequently, SFE-CO2, as a green extraction 
method, may be recommended for the recovery of lipophilic compounds from cherry pomace. 
PLE-EtOH/H2O parameters were optimized by response surface methodology for obtaining the 
highest extract yields and for recovery of proanthocyanidins from pomace residues after SFE-
CO2. The highest yield (29.64%) and recovery of proanthocyanidins (170.2 mg/g dw) was 
achieved at 120 °C, using 3 extraction cycles, 10 min each. UPLC-MS/MS results indicated 
that among 4 quantified anthocyanins, cyanidin-3-O-glucosyl-rutinoside was the major 
constituent, followed by cyanidin-3-O-rutinoside (16.3 and 15.9 mg CGE/100 g dw, 
respectively). The extracts obtained by different extraction methods were characterized by their 
antioxidant potential.  Thus all measured values for lipophilic fractions were rather low, while 
PLE-EtOH/H2O recovered the majority of polar polyphenolic antioxidants. PLE-EtOH/H2O 
extracts demonstrated higher TPC, ORAC and ABTS•+-scavenging than CO2 extracts. 

CONCLUSIONS 

In conclusion, the proposed biorefining scheme of cherry pomace utilizing green and modern 
extraction techniques may serve as a platform for producing various functional ingredients for 
foods and nutraceuticals. 

Keywords: cherry pomace, supercritical fluid extraction, pressurized liquid extraction  
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ABSTRACT 

In this study, color changes of apple juice concentrates obtained by ohmic heating 
assisted evaporation and traditional method at 13, 15 and 17 V cm-1 voltage gradients 
were investigated. Under atmospheric conditions, apple juices were concentrated from 
15% to 50% total soluable solid content values. The L* value was determined as 22.41 
before the process and the brightness decreased significantly under all extraction 
conditions. The a* value was determined as -1.43 in clear apple juice, 1.9 in apple 
concentrate obtained by the traditional method, and 0.43, 0.75, and 0.71 in the ohmic 
system for voltage gradients of 17, 15 and 13 V cm-1, respectively. 

When the b* values analyzed, a decrease occurred with the concentration process and 
the highest decrease was detected in traditional concentration process (p<0,05). The 
ΔE value is a value that shows the total color changes of the product, and it is known 
that the color change is more as the value increases. In the study, it was determined 
that the ohmic assisted evaporation affected the product color less than the traditional 
method.  

Keyword: Apple juice, Ohmic Concentration, Color Properties 

OVERVIEW 

The concentration process is preferred in the food industry in order to consume fruit products 
or produce alternative fruit products throughout the year. The process is achieved by 
evaporating the water from the product. In this way, while the volume of the product is reduced, 
the storage cost is decreased and a microbially safer product is obtained. However, undesirable 
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component formation and quality losses occur in thermal concentration processes. Therefore, 
the researchers focused on alternative heating applications instead of the traditional evaporation 
process. 

Ohmic heating process (joule or electrical resistance heating) is one of the alternative heating 
methods. This method is based on the principle of heating by passing an alternating current 
through the product between the two electrodes [1]. In this way, the product is heated quickly 
and homogeneously, and the ohmic system is also a highly efficient technique. In the literature, 
Ohmic heating process has been used in studies such as extraction [2], distillation [1,3], thawing 
[4], cooking [5], pasteurization [6], etc. 

The aim of the study presented in the paper is to concentrate freshly squeezed apple juice which 
had 15% water total soluble solid content (TSSC) at 3 different voltage gradients (V cm-1) up 
to 50±1.0% TSSC and compare its color properties with apple juice obtained by the traditional 
method. 

METHODS 

The apple used in the study was purchased from a local market and subjected to sorting, 
washing, squeezing, and clarification processes, respectively. Apple juices were obtained by 
squeezing the apples through these processes with a whole fruit juicer (Philips, HR1861). 
Clarification was carried out according to the method specified in Tulek 2006 [7]. This process 
was done as follows: depectinization with 1 ml/L pectinase (Tito, Turkey) and 1 ml L-1 α-
amylase (Tito, Turkey) after filtration and clarification were carried out with 1 gL-1 gelatin 
(Merck, Germany) – 2.5 g L-1 bentonite (Sigma Aldrich, Germany). Samples were then stored 
in 500 ml containers at -24 °C until analysis moment. Ohmic heating assisted evaporation 
process consists of a computer, test cell (Dimensions: 90×100×60 mm), custom designed 
microprocessor, T-type thermo-couple, adjustable power supply and electrodes (Dimensions: 
1×60×150 mm). The ohmic and traditional system used in the concentration of apple juice is 
given in Fig. 1. Evaporation was carried out at 3 different voltage gradients (13, 15 and 17 V 
cm-1) and the juice samples were concentrated from 15% to 50±1.0% TSSC content. The 
temperature, voltage and current values measured in the system were recorded by the processor 
at 1 second intervals. 
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Fig. 6. The schematic representation of the evaporation system; A: Ohmic 
Heating, B: Traditional Heating System 

The TSSC values and the colour measurement of the clear apple juice were measured with a 
Temperature Compensation featured digital refractometer (HI96801, Hanna, Romania), and a 
digital colour measuring device (Cr-400, Konica Minolta, Japan), respectively. For Colour 
Evaluation, L*, a* and b* values were measured, and the total colour difference was determined 
by ΔE (equation 1). 

 ∆𝐸 = √(𝐿0 − 𝐿𝑖)
2 + (𝑎0 − 𝑎𝑖)

2 + (𝑏0 − 𝑏𝑖)
2, 

(9) 

 

here, L* values indicate the degree of lightness from black to white (range: 0–100). b* values 
represent the yellowness or blueness (range: -127 to +127); a* values represent the redness or 
greenness (range: -127 to +127). 

In order to determine the effect of voltage gradients, one-way analysis of variance Duncan test 
was applied in SPSS 25 program. The confidence interval was chosen as 95% and all procedures 
were repeated 3 times. 

RESULTS 

The colour values of fresh, clear and evaporated apple juices are given in Table 1. L*, a*, and 
b* values for clear apple juice were measured as 22.4±0.0, -0.41±0.1, and 5.7±0.0, respectively. 
As a result of the evaporation process, L* and b* values decreased, but a* values increased 
(p<0.05). The most colour change was observed in the fruit juice obtained by the traditional 
method, and the total colour difference values varied between 5.13 and 2.53 (p<0.05). As a 
result, when the colour values of the concentrated samples obtained with the ohmic heating 
system were examined, this method was an effective method for preserving the colours. 
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Table 6 The changes in the color properties during evaporation for different methods and their 
process conditions 

Name of 
standards/ 
Conditions 

17 (V cm-

1) 
15 (V cm-1) 13 (V cm-1) Traditiona

l 
Clear 
Juice 

L* 21.52±1.01
b 

21.19±0.45b 21.17±0.18
b 

19,34±0.34
c 

22.41±0.02
a 

a* 0.43±0.23b 0.75±0.46b 0.71±0.43b 1.9±0.07a -0.41±0.12c 

b* 5.21±0.01b 5.05±0.37d 5,24±0.11cd 5.05±0.04a 5,70±0.03bc 

ΔE 1,83±0,02a 1,50±0,16b 1,83±0,25b 3,90±0,25a  

Different letters (a to d) within rows are significantly different (p < 0.05). 

The L* value indicates the brightness of the product and as the value increases, the brightness 
of the product increases. Burdurlu and Karadeniz (2003) stated that the L* value decreased 
when the TSSC value and the storage time increased in the concentration process at 50 ˚C [8]. 
Sabancı et al. (2019) concentrated the pomegranate juice under vacuum with a conventional 
and ohmic evaporator and obtained the highest L* value at 10 V cm-1 ohmic evaporation. The 
a* value indicates the redness and greenness of the product, and as +a* increases, the redness 
increases, and as -a* increases, the greenness value increases [9]. Bozkır and Baysal (2017), in 
their study with apple juice, determined a* values to be 5.12 for unprocessed apple juice, and 
4.89, 3.79 and 5.03 for concentrates in rotary, rising film and vacuum microwave evaporator, 
respectively [10]. Tunç et al (2021) produced molasses with a vacuum ohmic assisted 
evaporator and stated that the a* value increased with the application of the process that 
statement is similar to the data obtained in this study [11]. b* indicates yellowness and blueness; 
As +b* values increase, yellowness increases, whereas as -b* increases, blueness increases. 
Bozkır and Baysal (2017) determined the b* value in unprocessed apple juice before the process 
as 8.01, after the applied process processes, they were measured as 7.2, 6.31 and 7.35 in the 
rotary, rising film, and vacuum microwave evaporator, respectively, and they found that it 
decreased compared to the value before the process [10]. Tunç et al (2021) produced molasses 
in a vacuum ohmic assisted evaporator and similarly stated that the b* value decreased 
compared to the unprocessed product [11]. ΔE indicates the color difference of the product. 
Tunç et al (2021) determined that the ΔE value of the product obtained in traditional vacuum 
evaporation was higher than the ΔE value of the products obtained in ohmic vacuum 
evaporation [11]. 
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CONCLIUSIONS 

As a result, apple juice was successfully concentrated using ohmic heating assisted evaporation 
process. It has been determined that the colour values of apple juice samples obtained by ohmic 
heating assisted evaporation process are better preserved than the traditional method. It is 
thought that the ohmic heating assisted evaporation process can be used in industry as an 
alternative method. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

In vitro plant culture is a biotechnological tool that is commonly used for plant 
micropropagation, for genetic resources conservation, or for genetic manipulation. Antibiotics 
are commonly used to inhibit/prevent in vitro micro-organism contamination or during 
Agrobacterium-mediated DNA transfer to act as a control agent for bacterial growth [1]. 
However, long-term use of antibiotics can become phytotoxic, especially using higher antibiotic 
concentrations that are required to effectively control contamination [2]. The low phytotoxic 
effect of Timentin on tobacco tissues in vitro has been described [3]. However, the impact of 
long-term use of antibiotic is not well understood and, in particular, changes in the patterns of 
protein expression in plant explants have not been considered. Therefore, the aim of this study 
was to assess the long-term effect of Timentin on cultivated in vitro tobacco (Nicotiana tabacum 
L.) shoots. As plant response to a stressor is a complex process that usually involves a variety 
of physiological, cellular, and molecular changes. The analysis of the accumulation of reactive 
oxygen species (ROS), such as superoxide anion (O2•-) and hydrogen peroxide (H2O2) in 
tobacco shoot tissues, were assessed. Moreover, proteomic analysis was used to establish the 
molecular basis of the antibiotic-induced decline of the adaptive capacity of the tobacco shoots.  

METHODS 

Cultivated tobacco (Nicotiana tabacum L.) shoots in vitro were grown as described by 
Andriūnaitė et al. [4]. The shoots of the second experimental group of post-antibiotic treatment 
were maintained on a nutritional medium supplemented with Timentin (ticarcillin/clavulanate) 
at 250 mg/L concentration (at least for 6 months). Following the antibiotic treatment, the shoots 
were transferred to the nutritional medium without antibiotics under the same conditions as 
control shoots and maintained for at least one culture passage. For analysis, samples were 
collected 7 days after shoot transfer to fresh medium. The accumulation of O2•- was investigated 
using Nitro blue tetrazolium (NBT) and H2O2 production was detected using a 3,3′ -
Diaminobenzidine (DAB) staining [5]. Proteins were prepared using phenol extraction and 
ammonium acetate precipitation and analyzed according Tamošiūnė et al. [5]. Statistically 
significant differences in protein abundance between the experimental groups using four 
biological repeats. A threshold value of at least a 1.5-fold difference in protein abundance was 
used, peptides were analyzed by liquid chromatography-tandem mass spectrometry 
fingerprinting and gene ontology (GO) terms were assigned. 
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RESULTS 

The superoxide O2•- and hydrogen peroxide H2O2 accumulation was detected in tobacco shoots 
in vitro by NBT and DAB staining, respectively. The NBT staining revealed that O2•- 

accumulates in leaves and mechanically damaged tissues of control and antibiotic-treated 
tobacco shoots. Timentin treatment had resulted in a 1.3-fold increase in O2•- accumulative 
concentration in shoot tissues. Meanwhile, no significant differences in H2O2 accumulation 
were detected in tobacco shoots grown with or without antibiotic. To assess protein expression 
differences associated with the enduring effect of Timentin, the proteome of the post-antibiotic 
treatment experimental group was compared to control shoots at 7 days after transfer to a fresh 
medium where the largest difference in MDA accumulation was detected between the two 
experimental groups.  

Protein abundances hierarchical cluster analysis revealed 10 differentially expressed 
proteoforms in tobacco shoots, 4 proteoforms were significantly upregulated, and 6 were 
downregulated (from 1.5 to 2.3-fold). Peptide fingerprinting of trypsin digested proteins using 
liquid chromatography-tandem mass spectrometry (LC-MS/MS) fingerprinting identified 6 
unique proteins and were associated with 18 GO terms that were summarized as 12 distinct 
biological processes based on semantic similarity. The GO analysis revealed that identified 
proteins are linked to photosynthesis, metabolism and stress response. Several assigned GO 
terms were related to cell activity involved in photosynthesis. This included 3 GO terms, 
photosystem II assembly (GO:0010207) and stabilization (GO:0042549), as well as 
photorespiration (GO:0009853) proteins. In addition, a considerable part of assigned GO terms 
was related to cell metabolism. This includes phosphorylation (GO:0016310), thiamine 
(GO:0006772) and carbohydrate (GO:0005975) metabolic process as well as oxazole or 
thiazole (GO:0018131) biosynthetic process proteins that have been shown to take part in plant 
response to stress. Another group of GO terms was connected to a stress response function, 
such as defence response (GO:0006952) GO term. Indirect involvement in the defence response 
was seen in by changes in response to cadmium ion (GO:0046686), cellular copper ion 
homeostasis (GO:0006878) and copper ion transport (GO:0006825) protein expression.  

CONCLUSIONS 

Our study found that tobacco shoots grown in the nutritional medium supplemented with 
Timentin had increased detectable O2•⁻ levels compared to the control group. The increased 
accumulation of the O2•⁻ or derived ROS could lead to an increase in cell membrane injury after 
prolonged exposure to the antibiotic which could eventually lead to altered gene expression or 
cell death. Proteome analysis revealed numerous differences in protein abundance, mostly 
stimulating the expression of proteins involved in photosynthetic processes. The results of ROS 
accumulation and protein expression analysis provide an original insight into the molecular 
basis of plant response upon the long-term effect of antibiotic. These findings pave the way for 
further studies about the effect on plant culture in vitro in response to antibiotic-induced stress. 

Keywords: antibiotic, Nicotiana tabacum, stress, proteome, ROS.  
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Heavy metals have become a global problem as soil contamination is the cause of both the loss 
of agricultural production and several dangerous health effects as they are known to enter the 
food chain. Lead, the most common pollutant of the heavy metals in the environment [1], ranks 
second among all hazardous heavy metals [2] and is considered to be a very toxic metal for 
plants and other living organisms, including humans [3]. Plants absorb lead and accumulate 
metal in the roots, stems, leaves, and sometimes even in seeds affecting the growth and 
productivity of plants; the extent of the effects depends on the plant species. Some herbs with 
medicinal properties exhibit good abilities to absorb heavy metals and thus they are considered 
to be a good choice for phytoremediation when these species are grown for by-products (e.g. 
essential oils). These aspects provide us the context to compare the phytosociological effects of 
Pb(II) on medicinal plants represented by the species basil (Ocimum basilicum L.), lavender 
(Lavandula angustifolia L. ), and oregano (Origanum vulgare L.). 

METHODS 

The studies carried out in this paper include investigations in laboratory conditions within the 
Horticultural Research Center from “Ion Ionescu de la Brad” Iasi University of Life Sciences, 
Romania, regarding the process of germination and growth of some species of medicinal plants 
under the stress generated by lead. The purpose of this research focuses on a comparative study 
on the phytotoxicity generated by Pb(II) on three selected species, basil (cultivar ‘Aromat de 
Buzau’) obtained from Vegetable Research Development Station, Buzau, Romania, lavender 
(cultivar ‘Hidcote Blue’) and oregano (cultivar ‘Aureus’), both obtained from ‘Agrosem Impex’ 
Targu Mures, Romania. Eleven concentrations of Pb(II) (5, 10, 20, 30, 50, 70, 100, 150, 200, 
250 and 500 mg/L solution) were applied to selected medicinal plants seeds. In parallel, control 
samples were prepared with sterile distilled water. Ten seeds previously selected and sterilized 
were placed in Petri plates lined with filter paper and wetted with 3 mL of Pb(II) sterile solutions 
prepared from 1000 mg/L stock solution. At every 3 days, the seeds were wetted with sterile 
deionized water. All tests were performed in a plant growth chamber, at a temperature of 20 ± 
1 ° C for 8 hours (darkness) and 22 ± 1 ° C for 16 hours (light). The seeds began to germinate 
after 48-72 hours, the minimum radicle length emergence at 2 mm being considered as the 
germination count. After the required days for the germination process (14 days for basil and 
21 days for lavender and oregano), we determined the germination degree, the relative 
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germination index, the vigour index of the seeds/seedlings, toxicity index, tolerance index, 
length of radicle, hypocotyl and leaves. The results obtained were compared with the control 
sample for each specie used in the study. The average of the 3 replicates for each specie used 
was determined and the data are presented as ± standard error of the mean, the error being less 
than 5%. 

RESULTS 

Regarding seeds germination, Pb (II) presence shows very similar effects in the case of basil 
and lavender, varying between 50% and 90% germination degree. The highest inhibition on 
seeds germination was observed for oregano, the germination varying between 40% and 83%. 
However, under stress conditions caused by the presence of Pb (II) at concentrations between 
5 mg/L and 30 mg/L, the lavender seeds showed the highest degree of germination (90%-100%) 
as indicated in Fig. 1. In all species, the development and growth of the seedlings decrease with 
the increase of the contamination levels of Pb (II), consequently, germs no longer develop and 
predict a decrease in the length of the plants (Fig. 2). We observed that at concentrations 
exceeding 100 mg/L Pb (II) for all three species, the seedlings either no longer develop or 
develop abnormally (data not shown). 

  

Fig. 1. Influence of lead stress conditions 
on seeds germination 

Fig. 2. Influence of lead stress conditions on 
seedlings growth 

CONCLUSIONS 

For all the tested medicinal plants species, the seeds germination percentage was affected by 
increasing Pb (II) concentration from 5 mg/L to 500 mg/L. The lowest percentage of 
germination within the studied concentrations ranges was obtained for oregano ‘Aureus’ (40%) 
and the highest percentage of germination for the lavender 'Hidcote Blue' cultivar (90%). A 
decrease in seedlings size was also observed along with increasing lead concentrations, 
affecting in a higher degree the oregano ‘Aureus’ seedlings. The toxicity index values increase 
with the increase of metal concentration in solution for the studied species in the following 
order, oregano > lavender > basil, and looking in particular at plant components, radicle > 
leaves > hypocotyl. 

Keywords: Heavy metals, lead, medicinal plants, seed germination, seedling development  
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Inorganic pollutants, such as heavy metals, are a category of pollutants of wide interest for risk 
studies because of the impacts they can have on the ecological receptors and on human health 
[1]. Environmental pollution through anthropogenic activities and the atmospheric deposition 
of heavy metals inevitably causes plant contamination [2]. Lavander is the most cultivated 
species for ornamental, medicinal and cosmetic purposes. It is widely used in French cuisine 
for its aroma and in alternative medicine for antioxidant, antimicrobial, antibacterial, 
anticonvulsant, antidepressant, sedative and calming properties [3]. The aim of the present 
study was to investigate and compare the effects posed by Pb(II), Cd(II) and Ni(II) treatments 
applied in single solutions, to the early growth of Lavandula angustifolia L. “Hidcote Blue” 
(lavender). The results are the basis of further investigations of heavy metals stress on lavender 
in soil. 

METHODS 

Our study is based on the assessment of plant stress indicators such as germination degree, 
tolerance, toxicity and vigour indexes for lavender seeds achieved by observing the seedlings 
development under 7 treatments with Pb(II) (PbCl2), Cd(II) (CdCl2) and Ni(II) (NiCl2) with 
concentrations ranging from 5 mg/L to 100 mg/L. In parallel, control samples were prepared 
with sterile distilled water. Prior to the germination test, the seeds were surface-sterilized in 
20% NaClO solution for 60 seconds and then rinsed with distilled sterile water for 4 times. 
Subsequently, a solution of 96% ethyl alcohol was applied for 60 seconds and then, the seeds 
were washed with distilled sterile water for 7 times. Ten sterilized seeds were placed in Petri 
plates lined with filter paper wetted with 3 mL of heavy metals sterile solutions previous 
prepared from stock solutions of 1000 mg/L. At every 3 days, the seeds were wetted with sterile 
deionized water. All tests were performed in an MRC PGI-550RH plant growth chamber, at a 
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temperature of 20 ± 1 ° C for 8 hours (darkness), 22 ± 1 ° C for 16 hours (light), a relative air 
humidity of about 80% and a luminous intensity of 8,000 lux. The lavender seeds began to 
germinate 48-72 hours after the start of the experiment. The germination process consists of 
opening the seeds and radicle sprouting of at least 2 mm. After the 21 days required for the 
germination process, the number of germinated seeds was assessed together with radicle, 
hypocotyl and leaves measurements. All the tests were made in triplicate. The average of the 3 
replicates for each pollutant treatment was determined and the data are presented as ± standard 
error of the mean (±SEM).  

RESULTS 

The assessment of lavender seeds stress caused by heavy metals has shown that the germination 
degree is mostly affected by the presence of Ni(II) at a concentration of 100 mg/L. As the 
concentration of Pb(II), Cd(II) and Ni(II) increased, the germination degree of the tested seeds 
decreased up to 83.33%, 53.33% and 33.33%, respectively. (Fig. 1). The length of the seedlings 
also decreased with increasing metal concentration in solution up to 100 mg/L, following the 
order Pb (II)>Cd(II)>Ni(II). As resulted from our tests, in terms of seedlings elongation, the 
most toxic metal was Ni (II), the average length of lavender seedlings decreasing by 90.22% 
compared to the control sample. Small differences were recorded when Cd (II) was used, while 
Pb (II) showed the lowest degree of inhibition in the development of lavender seedlings (Fig. 2). 
Toxicity index, tolerance index and vigour index were also assessed (data not shown). The 
results showed that lavender seeds tolerate in a higher degree lead toxicity, compared with 
cadmium and nickel toxicity. We observed that lavender seedlings were more affected by Ni 
(II) presence in solution, decreasing the vigour index and tolerance index along with increasing 
nickel concentration up to 100 mg/L (data not shown).  

  

Fig. 1. Influence of heavy metal stress 
conditions on lavender seeds 
germination  

Fig. 2. Influence of heavy metal stress 
conditions on lavender seedlings growth 

CONCLUSIONS 

Our study shows that seeds germination and seedlings growth of Lavandula angustifolia 
“Hidcote Blue” were affected especially by the presence of Ni (II), their inhibition is 
represented mainly by the damage of the radicle system after a concentration of 10 mg/L. By 
increasing metals concentrations, all investigated parameters were highly affected, following 
the metal toxicity order Ni(II)>Cd(II)>Pb(II). We can summarize that the inhibition effects of 
Lavandula angustifolia “Hidcote Blue” seeds and seedlings depend on both metal type and 
applied treatment. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Heavy metals are among the contaminants causing the most serious stress for plants and other 
living organisms. The toxicity of heavy metals in mixtures on plants has complex mutual 
interactions. The information provided by researches comprising of single metal contamination 
does not reflect the toxicity and stress levels caused to plants when multiple metals are present 
together in environmental compartments [1]. The cultivation of less stress-tolerant aromatic 
crops such as basil (Ocimum basilicum L.) in contaminated soils could be considered as a 
sustainable strategy for site remediation [2]. Given these aspects, this paper focuses on our 
preliminary findings related to the ecotoxicological effects of Pb (II) and Cd (II) in single and 
binary mixtures to basil. Based on the stress caused to seed germination, radicle, hypocotyl and 
leaves elongation, tolerance, toxicity and vigour indexes values, ecotoxicological indicators 
were determined. The results obtained suggested that basil seedlings have a higher tolerance to 
Pb (II) compared to Cd (II), while the binary mixture stimulates the growth of the radicle. 

METHODS 

Heavy metal treatments consisted of PbCl2 and CdCl2, in single and binary systems. Selected 
basil (Ocimum basilicum L. cultivar ‘Aromat de Buzau’) seeds were put into contact with heavy 
metals solutions to assess different parameters (radicle, hypocotyl and leaves length, 
germination, tolerance and toxicity indexes (%) and vigour index). The investigation was 
performed under laboratory conditions within the Horticultural Research Center from “Ion 
Ionescu de la Brad” Iasi University of Life Sciences, Romania. The cultivar was obtained from 
Vegetable Research Development Station, Buzau, Romania. The methodology was used in line 
with the OECD guidelines for testing of chemicals [3]. Prior to the germination test, selected 
basil seeds were surface-sterilized in 20% NaClO solution for 60 seconds and then rinsed with 
distilled sterile water 4 times. Subsequently, a solution of 96% ethyl alcohol was applied for 60 
seconds and then, the seeds were washed with distilled sterile water for 7 times. 10 seeds of 
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basil were put in Petri plates and contaminated in the single system in 8 treatments with heavy 
metals from 5 mg/L to 100 mg/L and 1 treatment in the binary system (50 mg/L Pb(II) and 
2.5 mg/L Cd(II)). Control sample was also used in both systems for comparison. To avoid water 
loss and seed fungal contamination, Petri plates were sealed with parafilm, then placed in a 
growth chamber at 22 ± °C, under a photoperiod of 16 h light/8 h dark. The number of 
germinated seeds was counted every day over a period of 14 days. The minimum radicle length 
emergence at 2 mm was considered as the germination count. All the experiments were carried 
out in triplicate and the data were expressed as ± standard error of the mean.  

RESULTS 

As can be seen in Fig. 1, in the case of stress caused by Pb(II) and Cd(II) in the single system, 
the most affected plant component is the radicle, its length decreasing with the increase of 
concentration of the pollutant from 5 mg/L to 100 mg/L, from 2.9 cm to 1.7 cm for Pb(II) (Fig. 
1a) and, from 1.18 cm to 0.09 cm for Cd(II) (Fig. 1b), respectively. Compared to the control 
sample, where the radicle length is 3.03 cm, at the concentration of 5 mg/L its length decreases 
for Pb(II) by 4.29% and for Cd(II) by 61.05%. The same pattern could be observed in the case 
of 100 mg/L metal concentration, where the decrease in length is more visible, thus, the radicle 
length decreases in the case of Pb(II) by 43.89% and in the case of Cd(II) by 97.02%. 

  

(a) (b) 
Fig. 1. Influence of Pb(II) (a) and Cd(II) (b) on the growth and early stage 

development of radicle, hypocotyl and leaves of basil seedlings 

Results showed that Pb(II) and Cd(II) stress was mainly present in the radicle and hypocotyl 
and the seedlings of basil were visibly affected by the increase of metal concentration. In the 
binary mixture consisting of 50 mg/L Pb(II) and 2.5 mg/L Cd(II), we could observe that the 
toxicity index reached -1.65% for radicle, 30.49% for hypocotyl, and 39.22% for leaves. 
According to our data, the binary mixture shows an increase in the radicle system, slightly 
stimulating its growth.  

CONCLUSIONS 

Our findings show that under laboratory conditions basil leaves have increased tolerance to the 
toxicity of Pb(II) and Cd(II) applied in single treatments, compared to the radicle and hypocotyl. 
On the other side, when applied in binary mixture, the combined effect showed stress only to 
the hypocotyl and leaves, stimulating the growth of the radicle.  

Keywords: ecotoxicological indicators, heavy metals, inhibition, Ocimum basilicum L., stress 
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EXTENDED ABSTRACT 
 
 

LITERATURE 

Stevia rebaudiana is known as a plant on increased consumer demand and considered as natural 
source of sweeteners steviol glycosides (SGs) [1]; however, its sexual propagation is limited 
due to poor germination of seeds.  

Cold plasma (CP) methods have been intensively explored in last decades and studies 
concluded that CP improves seed germination and yield of various crops [5]; and cultural seeds 
production [2-5]. Recently we have demonstrated for the first time [6] that pre-sowing treatment 
of stevia seeds with CP stimulates seed germination and SGs biosynthesis in plant. We have 
previously confirmed in various plants that CP stimulates germination by inducing complex 
changes in the molecular processes within the seed by increasing the ratio of gibberellins (GA, 
stimulating phytohormones) with abscisic acid (ABA, inhibiting phytohormone) [7]. In this 
study we are aiming to determine, how physical stressors, such as low pressure capacitively-
coupled cold-plasma (CP), atmospheric pressure dielectric barrier discharge cold plasma 
(DBD) and vacuum affect germination of Stevia rebaudiana seeds and the concentrations of 
acting phytohormones. 

mailto:augustejud@gmail.com
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METHODS 

SEED TREATMENT WITH COLD PLASMA (CP): 

CP discharge is generated between a 3.5 cm diameter spiral copper electrode built on top of 
airtight stainless steel (app. 0.001 m3) chamber and the chamber’s frame by radiofrequency 
generator (430 MHz) at specific power density of 45W.  

200 seeds were evenly distributed in a single layer on uncovered sterile glass Petri dish ( 4 
cm) placed in chamber on ceramic stand (5 cm to the electrode). Prior to seed treatment with 
CP, partial vacuum (100±1 Pa) was created. Duration of treatment was 2, 5 and, 7 min (referred 
to as CP2, CP5 and CP7).  

Untreated seeds were used as control, and as additional control vacuum-treated seeds (for 
5 min.) were used (referred to as V5). 

SEED TREATMENT WITH DIELECTRIC BARRIER DISCHARGE PLASMA (DBD): 

Seeds were treated using DBD device [9,10] at atmospheric pressure with exposure area of 
plasma 4x4.38 cm2 (at room temperature with 45-55% humidity). The discharges, generated by 
wire electrodes (separated by ceramic filler) were produced in the air between gap of electrodes 
by applying pulsed voltage (7.0kV). Current, and power density were 0.2A and 3.1W/cm2, 
respectively. For treatment seeds were placed under electrode on glass plate in distance of 8 
mm (from seeds surface). To prevent electrode from heating up and surface temperature from 
exceeding 35°C, 2 minutes breaks after each treatment were made. After – treatment with DBD 
was continued until the intended duration of exposure was reached. Seed groups treated for 2, 
5 and 7 min. referred to as DBD2, DBD5 and DBD7. 

DETERMINATION OF PHYTOHORMONES 

Extracts were prepared from control, vacuum, CP5 and DBD5 samples. 200 seeds per group 
(app. 0.04 g) were homogenized with 85% (v:v) methanol (1:40 w:v). Samples were left on a 
rotary shaker for 24 h. at 150 rpm at 4°C for extraction. After shaking extracts were centrifuged 
at 13,000x g for 5 min. at 4°C. Supernatant was collected and stored at -20°C until further 
phytohormone analysis with high performance liquid chromatography (HPLC). 

HPLC system Agilent 1200 (Agilent Technologies Inc. Germany) with diode detector was used 
for quantitative analysis of phytohormones. Separation was performed by modified method [6]; 
using Symmetry C18 column (30×100 mm, particle size 3.5 μm) (Waters Corporation, USA). 
The column temperature was 20°C, sample volume - 10 μl, mobile phase flow rate - 0.3 ml/min. 
Gradient elution was applied (Table 1) using the eluents: A - 50% methanol, B - 50% methanol 
with 1.2% acetic acid, C - water and D – 100% methanol. 
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Table 1. Composition of HPLC gradient. 

Time, 
min 

Part of eliuent, % 
B C D 

0 25 60 0 
10 50 25 25 
20 50 25 25 
25 40 0 60 
30 25 60 0 

Gibberellic acid (GA3), gibberellin A7 (GA7), and abscisic acid (ABA) were detected at 254 
nm. Phytohormones were identified by retention time and peak spiking with standards. 
Standard phytohormone solutions of GA3, GA7 (TransMIT, Germany), and ABA (Sigma 
Aldrich, Germany) were used for phytohormones analysis.  

GERMINATION TEST 

Seeds were sown 6 days after treatment with CP, DBD, and vacuum in 8x8x8 cm container 
filled with universal peat substrate (UAB Durpeta, pH 5.5–6.5) consisting of highland peat 
(79.6%) with shredded wood fiber (19.8%). Seeds were arranged on the surface of watered 
substrate, three replications of 66 seeds were prepared for each group. Germination conditions 
were; temperature – 25°C, relative humidity - 55–65%, photoperiod – 16 h. Germinated seeds 
were counted daily.  

RESULTS 

The results of germination show the tendency of CP and DBD to increase the percentage of 
germinated seeds and germination rate (Table 2), but only CP5 and CP7 significantly increased 
final germination percentage compared to control group.   

Table 2 Indices of germination kinetics of seeds calculated from Richards plots. 

 
Vi, the final germination percentage; Me, the median germination time; Qu, the quartile deviation; 
Mean values ± standard error of means are presented (n = 3); * - significantly different from the control group (p 
≤ 0.05). 

Effects of CP, DBD and vacuum treatment on concentrations of phytohormones 

Treatments with vacuum substantially increased GA3 concentration, DBD5 – GA7, and CP5 
and DBD5 – ABA concentration compared to control (Fig. 1).  
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Fig. 1. Amount of phytohormones in dry seeds of stevia. ABA—abscisic 
acid, GA3—gibberellin 3, GA7—gibberellin A7. The means ± standard 

errors are presented (n = 2). * - statistically significant difference in 
comparison to control (p ⩽ 0.05). 

However, the ratio between ABA and GAs (Table 2) does not correlate with the results of 
germination. CP5 increased the germination percentage, but only ABA/GA7 is showing a 
decrease, not ABA/(GA3+GA7), this ratio is increased.  

Table 7 Ratio of phytohormones in stevia seed extracts. 

Ratio Control CP5 DBD5 VP5 

ABA/GA7 1.10 1.03 0.45 N/A 
ABA/(GA3+GA7) 0.12 0.19 0.14 0.12 

CONCLUSIONS 

Stevia seed treatments with cold plasma, for 5 and 7 min has positive effect on germination, 
however this stimulation is not induced by the changed ratio of phytohormone concentrations. 
Further research of treatment conditions and wider spectrum of other phytohormones is needed 
to determine the mechanism of cold plasma effects in seeds of stevia.  

Keywords: Stevia rebaudiana, cold plasma, germination, phytohormones. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Considering environmental factors in agriculture, light and nutrients are one of the most 
important elements for productive plant growth. Due to low penetration of light in greenhouses, 
additional light sources such as high-pressure sodium lamps, light-emitting diodes (LEDs) are 
used for supplemental lighting [1]. One of the goals of Europe's green deal is to reduce energy 
consumption, the goal in greenhouse is to grow high-value products with less energy [2]. LED 
lamps are superior to sodium lamps in their low power consumption and ability to easy control 
light intensity [1,3,4]. Light intensity affects plant development, metabolism, the activity of the 
antioxidant system and other. The leave area, the amount of accumulated dry mass, the total 
amount of phenols and the abundance of other plant parameters vary significantly depending 
from the light intensity [4-7]. To fulfil the requirements for growth and development of a plant 
light alone is not enough, nutrients are needed as well. Nitrogen deficiency inhibits plant growth 
and development, reduces photosynthesis and leaf area, phosphorus deficiency also inhibits 
growth and photosynthesis. Restriction of other essential nutrients also has a negative effect on 
the physiological parameters of the plant [8-11]. Lack of nutrients also reduces the 
accumulation of phenolic compounds and increases antioxidant activity [12,13]. The aim of this 
study was to evaluate the effect of fertilization at different light intensities on the growth of 
lettuce and basil and the response of the antioxidant system. 

METHODS 

Sweet basil (Ocimum basilicum, ‘Opal’) and lettuce (Lactuca sativa, ‘Nikolaj’) were grown in 
a greenhouse under three different lighting intensity conditions (in May, Lithuania: 55°60ʹ N, 
23°48ʹ E): the photosynthetic photon lux density (PPFD) of natural lighting beside leaves of 
basil and lettuce was 80 µmol m-2 s-1), with supplemental light-emitting diodes (LEDs) lighting 
the total PPFD of 150 and 250 µmol m-2 s-1 was maintained. Day/night temperatures of 
20±3/16±3C with a 16-h photoperiod were maintained. Half of the plants were grown without 

mailto:kristina.lauzike@lammc.lt
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additional fertilization; the other half were fertilized twice a week with complex of fertilizers 
(NPK 3-1-3, Plagron, Netherlands). 

Biometric measurements. Five representative basil and lettuce plants were selected for leaf 
area (cm2) evaluation with a leaf area meter (AT Delta – T Device, UK). Stem diameter and 
plant height were additionally measured for basil(mm). The dry mass of plants was determined 
by drying them in +70ºC for 48 h. (Venti cell 222, Medcenter Einrichtungen, Gräfeling, 
Germany) to constant weight. 

Antioxidant activity. Extracts were prepared by grinding 0,5 g of plant leaves with liquid 
nitrogen and diluting with 5 mL of 80% methanol. Each of three biological replicates consisted 
of at least three conjugated plants and were repeated in three analytical replicates. Antioxidant 
properties of basil and lettuce leaves were evaluated as the 2-diphenyl-1-picrylhydrazyl (DPPH) 
[14], 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) [15] radical scavenging 
activities, and Fe2+ reducing antioxidant power assay (FRAP) [16]. The methods were adapted 
to be performed with a microplate reader “SPECTROstar Nano” (BMG LABTECH, Germany). 

Statistical analysis. MS Excel Version 2010 and XLStat 2020 Data Analysis and Statistical 
Solution for Microsoft Excel (Addinsoft, France) statistical software were used for data 
processing. Analysis of variance (ANOVA) was carried out along with Tukey multiple 
comparisons test for statistical analyses, p ≤ 0.05, three biological replicates, conjugated sample 
(from five plants leaves) for biochemical analysis - three analytical replicates.  

RESULTS 

Photosynthetic photon lux density had a significant positive effect on both basil and lettuce 
vegetative growth, regardless of fertilization (table 1). For both plants, basil and lettuce, an 
average leaf area decreased, less leaves were formed in lower light conditions. 

Table 1 Light intensity and fertilization effect on basil and lettuce biometric measurements. 
Values are mean ± SE of 5 replicates and different letters are differed significantly by Tukey 

multiple comparisons test (P ≤ 0.05). 
The 
photosynthetic 
photon lux 
density 
(PPFD) Fe

rti
liz

at
io

n 

Total leaf area 

cm2 

Number of leaves Average leaf area 

cm2 

Basil Lettuce Basil Lettuce Basil Lettuce 

80 

µmol m-2 s-1 

- 68.2±5.35a 128.3±20.95a 6±0.0a 3.8±0.4a 11.4±0.89a 33.8±2.26a 

+ 113.4±12.98
b 154.3±36.85a 6±0.0a 4.2±0.4a 18.9±2.16b 36.7±5.45a 

150 

µmol m-2 s-1 

- 273.2±50.58
c 363.5±57.74b 8±0.0b 5.2±0.4b 34.2±6.32c 69.9±7.94b 

+ 214.8±22.94
c 450.8±30.47bc 9.2±0.4c 6.2±0.4c 23.3±1.34b 72.7±1.77b 

250 

µmol m-2 s-1 

- 409.1±42.78
d 477.4±41.50c 10±0.0d 7±0.0d 40.9±4.28d 68.2±5.93b 

+ 393.1±28.32
d 516.9±55.08c 10±0.0d 7±0.0d 39.3±2.83d 73.8±7.87b 
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Significantly higher DPPH, ABTS and FRAP activity was found in under PPFD 150 µmol m-2 
s-1 and under 250 µmol m-2 s-1 grown unfertilized basil and lower in under PPFD 150 µmol m-

2 s-1 and under 250 µmol m-2 s-1 grown fertilized basil (Fig. 1). Meanwhile lower DPPH, ABTS 
and FRAP activity was found in under natural light grown lettuce.  

 

Fig. 1 Light intensity and fertilization effect on basil and lettuce antioxidant 
system response. Values are mean ± SE of 10 replicates and different letters 

are differed significantly by Tukey multiple comparisons test (P ≤ 0.05). 

CONCLUSIONS 

Light intensity was found to have the greatest significant effect on both lettuce and basil 
biometric parameters and the response of the antioxidant system. Meanwhile, the intensity of 
fertilization had a significant effect on the development of both plants (more leaves were formed 
as a result of more intensive fertilization) and the accumulation of phenolic compounds. 

Keywords: Lactuca sativa; Ocimum basilicum; LED;  
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Pea (Pisum sativum L.) is an important legume and staple crop grown globally and employed 
for human and animal nutrition (1). Selenium (Se) and zinc (Zn) are important cofactors for 
several antioxidant enzymes in plamts (2, 3). Foliar Se/Zn application is a highly efficient 
strategy of plant biofortification (4; 5). However, the effect of such treatments on concentrations 
of macrominerals, macronutrients and bioactive compounds in pea has been poorly 
investigated. A two-year pot experiment was performed to study the effect of foliar-applied 
sodium selenate (0/50/100g Se/ha) and zinc oxide (0/375/750g Zn/ha) at flowering stage on 
concentrations of Mg, chlorophyll a and protein in seeds of two pea varieties (Ambassador, 
Premium).  

METHODS 

A two-year (2014/15) outdoor pot experiment was conducted in Nitra, Slovakia (48.305 N, 
18.096 E).    The experiment was arranged with four replicates per treatment, two pea varieties 
(Ambassador, Premium) and five different treatments, including one unamended control and 2 
levels of foliar-applied Se as sodium selenate (50 and 100g Se/ha) and Zn as zinc oxide (375 
and 750g Zn/ha).   

Methods included: 1) protein concentration: via the Dumas method with the TruSpec CHNS 
analyzer (LECO, Saint Joseph, MI) 2) Mg concentration: via ICP-OES (Varian Vista MPX, 
Palo Alto, CA, USA) 3) chlorophyll a: via spectrophotometric method (6, 7) 4) statistical 
analysis: SPSS version 19.0 (IBM, Chicago, IL, USA).  

mailto:maksymilian.malka@ugent.be
mailto:Torsten.Bohn@lih.lu
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RESULTS 

Our previous study highlighted that foliar-applied sodium selenate improved seed Se 
accumulation in both varieties dose-dependently. Premium accumulated greater amounts of Se 
in seeds than Ambassador. Highest Se accumulation was found in seeds of Premium treated 
with 100 g Se/ha (7.84 mg/kg vs. control (0.16 mg/kg), DW). Contrarily, seed Zn concentration 
was not significantly affected by foliar-applied zinc oxide (unpublished results). Concentration 
of Mg, chlorophyll a and protein were positively affected in part by Se and Zn treatments. Mg 
concentration significantly increased (vs. control) in Ambassador treated with Se1 in 2015 
(Table 1). Chlorophyll a concentration significantly increased (vs. control) in Premium upon 
Zn1 treatment in 2015 (Table 1). All Se and Zn treatments significantly increased protein 
concentration (vs. control) in Premium in 2014, while Zn1 treatment significantly increased 
protein concentration (vs. control) in Premium in 2015 (Table 2).      

Table 1. Effect of foliar Se and Zn treatments on the concentration of Mg and chlorophyll a in 
seed of two pea varieties (Ambassador and Premium) in 2014/15 growing season. Note: 

Control (without Se and Zn), Se1 - 50 g Se/ha, Se2 - 100 g Se/ha, Zn1 - 375 g Zn/ha, Zn2 - 
750 g Zn/ha; mean ± SD; n = 4. 

Year Treatment Mg (mg/kg DW) Chlorophyll a (mg/100g 
DW) 

  Ambassador Premium Ambassado
r Premium 

2014 Control 1247 ± 39.4 1152 ± 37.3 32.7 ± 6.28 26.4 ± 4.31 
 Se1 1249 ± 72.4 1135 ± 72.6 29.2 ± 2.15 34.5 ± 3.81 
 Se2 1247 ± 52.7 1149 ± 108 30.4 ± 3.72 30.6 ± 5.90 
 Zn1 1257 ± 14.3 1151 ± 152 31.3 ± 2.22 26.6 ± 4.13 
 Zn2 1234 ± 20.0 1143 ± 97.1 33.0 ± 2.24 27.9 ± 1.65 
 p-value 0.970 0.999 0.574 0.076 

2015 Control 1382 ± 32.8A 1441 ± 25.5C 30.2 ± 1.76 10.7 ± 4.04A 

 Se1 1455 ± 7.02B 1341 ± 
10.0AB 27.2 ± 6.60 12.5 ± 4.37AB 

 Se2 1418 ± 
24.2AB 1380 ± 29.2B 27.7 ± 9.17 14.2 ± 3.61AB 

 Zn1 1411 ± 
45.8AB 1333 ± 19.6A 21.3 ± 3.80 21.5 ± 6.13B 

 Zn2 1386 ± 11.2A 1314 ± 16.7A 27.3 ± 4.34 16.9 ± 2.33AB 
 p-value 0.015 <0.001 0.308 0.023 

 Means within a column not sharing the same superscript letters are significantly different. P-values in the same 
row mean the effect of Se/Zn dose.  
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Table 2. Effect of foliar Se and Zn treatments on the protein concentration in seed of two pea 
varieties (Ambassador and Premium) in 2014/15 growing season. Note: Control (without Se 
and Zn), Se1 - 50 g Se/ha, Se2 - 100 g Se/ha, Zn1 - 375 g Zn/ha, Zn2 - 750 g Zn/ha; mean ± 

SD; n = 4.  

Year Treatment Protein (% DW) 
  Ambassador Premium 

2014 Control 22.2 ± 0.58 21.5 ± 
0.25A 

 Se1 21.9 ± 0.42 22.1 ± 
0.15B 

 Se2 22.2 ± 0.40 22.3 ± 
0.23B 

 Zn1 21.0 ± 0.75 22.5 ± 
0.28B 

 Zn2 21.5 ± 0.77 22.5 ± 
0.13B 

 p-value 0.064 <0.001 

2015 Control 24.7 ± 0.18E 26.6 ± 
0.42C 

 Se1 24.2 ± 
0.10D 

25.3 ± 
0.12A 

 Se2 23.5 ± 0.13C 26.0 ± 
0.18B 

 Zn1 20.0 ± 
0.15A 

27.6 ± 
0.22D 

 Zn2 23.1 ± 0.13B 25.7 ± 
0.24AB 

 p-value <0.001 <0.001 

Means within a column not sharing the same superscript letters are significantly different. P-
values in the same row mean the effect of Se/Zn dose. 

CONCLUSIONS 

This study provides new nutritional data on Se/Zn biofortified pea. The results are important 
for improving agronomic biofortification of pea with Se/Zn. 

Keywords: oxidative stress, macrominerals, macronutrients, selenate, zinc oxide, bioactive 
compounds, foliar application. 
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ABSTRACT 

The experiment was carried out at the Vezaiciai Branch of the Lithuanian Research 
Centre for Agriculture and Forestry on the hilly topography of Zemaiciai Highland 
(latitude 55°577ʹ N, longitude 22°482ʹ E, 185.0 m above sea level). The southern 
exposition slope's soil was slightly eroded Eutric Retisol (loamic) (RT-eu.lo) the 
steepness of the slope was 9-11º. The aim of the study - to study the impact of a hilly 
relief to the changes of seeds in a soil of pre-erosion cereal-grass crop rotation. 
Hypothesis – it is predicted that the seedbank of hilly relief is reliant on plant sequence 
in crop rotation and nutrients and moisture differentiation in the soil. The study 
included different parts of the hill (summit, midslope and footslope). According to the 
average data, considering the hilly relief conditions, the number of seeds in the soil 
seedbank during autumn was 20% higher than at the spring. The highest number of 
seeds at the autumn was determined on the summit (40625 seeds m-2). Due to 
variations in humidity and temperature, as well as the impact of soil biota during the 
autumn-winter-spring period at the spring, the seed bank was 2.1 times lower at the 
summit of the hill compared to the autumn.  The highest count during the spring was 
determined on the midslope of the hill (36451 seeds m-2). The soil in 0-5 cm depth in 
the pre-erosion cereal-grass crop rotation was the most polluted with plant seeds 
(61%). In the soil seed bank of the midslope of the hill, the number of seeds was by 
12,0% and 49,8% higher compared to the summit and footslope parts. 

Keywords: hilly relief, soil seed bank, pre-erosion cereal-grass crop rotation 
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INTRODUCTION  

The weed seedbank is the reserve of viable weed seeds present on the soil surface and scattered 
in the soil profile. It consists of both new weed seeds recently shed and older seeds that have 
persisted in the soil for several years [7]. Due to uneven soil erosion in selective parts of the 
hill, different conditions in the hilly topography become present for the plant development, 
including differences in soil humidity, acidity, richness in nutrients, humus, and others [9]. The 
alterations of weed communities and the pollution of soil with weed seeds appears because of 
differences in soil pH, pedological aspects and crop management [11]. The weed incidence is 
largely based on the pollution of soil with weed seeds, on the biological properties of the 
cultivated plant, and its overshadowing abilities [6][13]. Soil tillage has a significant influence 
on the dynamics of weed seeds [8][12]. The highest number of weed seed species was found in 
the treatments with reduced and no-tillage treatments in a soil layer of 0–5 cm. In deeper soil 
layers (5–10, 10–20 cm), no differences in weed seed species number were found [1]. Tillage 
systems cause changes in the density and composition of soil weed seedbank [5], especially in 
weed seed composition in the upper 0–15 cm soil layer [2]. 

The aim of the study - to study the impact of a hilly relief to the changes of seeds in a soil of 
pre-erosion cereal-grass crop rotation. Hypothesis – it is predicted that the seedbank of hilly 
relief is reliant on plant sequence in crop rotation and nutrients and moisture differentiation in 
the soil.  

METHODS 

The experiment was carried out at the Vėžaičiai Branch of the Lithuanian Research Centre for 
Agriculture and Forestry, on the midslope soil of Žemaičiai Highland covered by different anti-
erosion agrophytocenoses [3] in Kaltinėnai (lat. 55°577ʹ N, long. 22°482ʹ E, 185.0 m a. s. l.). 
The steepness of the slope was 9–11°. The soil of the southern exposition slope was slightly 
eroded Eutric Retisol (loamic) according to WRB (2015) with a texture of sandy loam. 
Agrochemical and physical properties of the soil are presented in Table 1.  

Table 1. Agrochemical and physical properties of the arable (0–15 cm) soil layer (2020) 

Soil properties 
Part of the hill 

summit midslope footslope 
0–5 cm 5–15 cm 0–5 cm 5–15 cm 0–5 cm 5–15 cm 

Soil acidity (pHKCl) 5.6 5.4 5.3 5.1 5.1 5.1 
Mobile P2O5 mg kg-1 192 201 165 168 149 148 
Mobile K2O mg kg-1 209 112 198 98 223 107 
Ntotal % 0.078 0.077 0.097 0.096 0.106 0.101 
Corg % 10.9 0.8 1.1 1.0 1.1 1.0 

Soil texture sandy 
loam 

sandy 
loam 

sandy 
loam 

sandy 
loam 

sandy 
loam 

sandy 
loam 

Sand % 79.2 77.4 75.6 75.9 73.0 69.7 
Silt % 15.5 17.8 19.0 18.8 19.0 22.5 
Clay % 5.3 4.8 5.4 5.3 8.0 7.8 

A pre-erosion cereal-grass crop rotation, which had a previous crop rotation of spring barley as 
a second plant in 2020, was used in the research. During winter, stubble was left on the slope 
to secure its soil from erosion, while minimal soil cultivation was applied in spring. Spring 
barley “Luokė” was sowed across the slope, the rate being 220 kg ha-1. NPK 9-14-27+7S 250 kg 
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ha-1 was used after sowing as a mineral fertiliser. Spring barley was sprayed with BBCH 32 
MCPA (a.i. MCPA 750 g/l) 30 ml and Arrat (a.i. dicamba-sodio + tritosulfuron) 10 ml. The 
next year, 2021, the third crop rotation plant - spring barley “Taifun” - was cultivated with a 
density of 250 kg ha-1. Mineral fertilisation - NPK 15-15-15 600 kg ha-1 before sowing. 

The research slope was 65 metres in length. The research strip was 3.2 metres wide. 

The study included different parts of the hill (summit, midslope and footslope). To assess the 
impact of the hill slope on soil contamination by seeds, the seed bank was investigated at the 
depths of 0–5 and 5–15 cm. The seed bank was estimated from soil samples taken in spring and 
autumn of 2020 and 2021. In each model plot, 2 kg of soil from 20 positions were collected 
using an agrochemical drill. The soil was dried out. In total, five 100 g samples were taken out 
of 2 kg soil sample and weighed. Later, the soil samples were wet-sieved through a 0.25 mm 
sieve until all contents of the soil were washed out. The remaining mineral part of the soil was 
separated from the organic part and weed seeds using the saturated salt solution. Weed seeds 
were identified using binoculars with 8.75× magnification. The number of weed seeds (A) was 
recalculated to thousands of unit per m2:  

A = n × h × p × 100,  

where A is number of seeds, seeds, m2; n – the counted number of seeds in the soil sample; h – 
the depth of plough layer, cm; p – soil bulk density, g cm3.  

The crop weed analysis was carried out in stationary 0.25 m-2 lots in six different parts of the 
field. The weediness was evaluated in 2020 in spring barley during BBCH 58 and BBCH 86 
stages. In 2021 the weediness was evaluated in the spring barley crop during the stages of 
BBCH 32 and BBCH 87. During both evaluations the weed type composition was determined. 
The number of weeds were recounted by the unit of m-2. 

Chemical analyses were carried out at the Chemical Research Laboratory of the Institute of 
Agriculture, Lithuanian Research Centre for Agriculture and Forestry. Before establishing the 
experiment, soil agrochemical characteristics were determined from the samples taken from the 
depths of 0–5 and 5–15 cm. Soil acidity (pH) was measured by the potentiometric method in 
the extraction of 1 M KCl (pHKCl) according to standard ISO 10390:2005 (Soil quality – 
Determination of pH). In the soil, mobile P2O5 and K2O were determined using the Egner-
Riehm-Domingo (AL) method (LVP D-07:2016), total nitrogen (Ntot) content by the Kjeldahl 
method, and organic carbon (Corg) by the Dumas dry combustion method. Soil bulk density 
was determined with a 100 cm3 cylindrical drill by the Kachinsky method. Soil texture was 
determined by the Fere triangle (FAO recommended method) according to the percentage of 
sand, silt, and clay fractions in the graphical diagram. 

Significance of the differences between the means was determined according to the Fisher’s 
protected least significant difference (LSD) at 0.05 probability level. The experimental data 
were subjected to the analysis of variance (ANOVA). The actual data of the seed bank were 
transformed (Sqr(x + 1)). 

RESULTS 

The composition of the soil seed bank depends on the plant communities appearing in a 
particular area both at the present moment and also in the past, as well as on the biological 
properties of plants. Changes in land-use and management practices influence the distribution 
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of seeds in the soil and the established vegetation [10]. Since the appearance of the plants to 
germinate, grow and develop on the hilly topography, they had different conditions [4], 
because, as other authors state, while the amount of physical clay and mud increase on the lower 
parts of the slope, the humidity reserves increase, as well as the amount of humus and nutrients, 
and the acidity decreases (Table 1).  The average data for 2020–2021 show that at the soil depth 
of 0–15 cm of the pre-erosion cereal-grass crop rotation, the number of seeds reached 71742, 
83487, and 40906, respectively, in the summit, the midslope, and the footslope parts of the hill. 
Considering the hilly relief conditions, the number of seeds in the soil seedbank during autumn 
was 20% higher than at the spring. The highest number of seeds at the autumn was determined 
on the summit (40625 seeds m-2). 

Due to variations in humidity as well as the impact of soil biota during the autumn-winter-
spring period at the spring, the seed bank was 2.1 times lower at the summit of the hill compared 
to the autumn. The highest count during the spring was determined on the midslope of the hill 
(36451 seeds m-2) compared to the hill’s slope. This could have been caused by seed 
transportation due to precipitation. The soil in 0-5 cm depth in the pre-erosion cereal-grass crop 
rotation was the most polluted with plant seeds (61%) (Fig. 1). 

 

Fig. 1.  Plant seed number in a pre-erosion crop-rotation soil, Kaltinenai, 
2020-2021. * and ** – significant at 0.05 and 0.01 probability levels 

The weed seed bank in spring consisted of, the seeds represented 24 species including 3 
meadow species, 20 segetal, and one tree (Table 5). The species composition of the soil seed 
bank in nearby parts of the hill varied slightly (Cs = 0.64–0.82). The most similar species 
composition of the soil seed bank was in the summit and midslope parts of the hill (Cs = 0.82), 
while it was the greatest in the summit and footslope parts of the hill (Cs = 0.64). 

The weed seed bank in autumn consisted of, the seeds represented 18 species including 17 
segetal, and one tree. The species composition of the soil seed bank in nearby parts of the hill 
varied slightly (Cs = 0.86–0.92).  

The seed bank in the soil consisted of 24 species of seeds in spring and 20 species of weed were 
determined in the crop. When the spring seed bank species composition was determined with 
crop I acounting number of weed type composition, it was determined that there were 11 
common plant species. Viola arvensis Murr. (17,6% in the seed bank; 24% on the top of the 
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soil), Setaria viridis P. B. (18,5% in the seed bank; 21,9% in the crop) and Spergula arvensis 
L. (4,1% in the seedbank; 10,3% in the crop) accounted for the biggest part of the plant species 
(Fig 2). 
 

 

Fig. 2. The interaction of soil seed bank and weeds in the pre-erosion cereal-
grass crop rotation in spring, average data. Kaltinenai, 2020-2021. 

The seed bank in the soil consisted of 19 species of seeds and 21 species of weed were found 
in the crop in autumn. When the autumn seed bank species composition was compared to the 
crop II count’s weed species composition, 8 common plant species were determined. Viola 

arvensis Murr. (15,2% in the seed bank; 4,1% in the crop), Setaria viridis P. B. (26,5% in the 
weed bank; 54,1% in the crop) were the most common (Fig 3). Setaria viridis P. B. (54,1%) 
and Poa annua L. (34,1%) overshadowed the crop in autumn the most. Setaria viridis P. B. 
(26,5%), Viola arvensis Murr. (15.2%) and Echinochloa crus-galli L. (13,2%) comprised a big 
part of the soil seed bank. 
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  Fig. 3. The interaction of soil seed bank and weeds in the pre-erosion 
cereal-grass crop rotation in autumn, average data. Kaltinenai, 2020-2021. 

CONCLUSIONS 

In the soil seed bank of the midslope of the hill, the number of seeds was by 12,0% and 49,8% 
higher compared to the summit and footslope parts. The number of seeds at the soil depth of 0–
5 and 5–15 cm soil changed depending on the relief. At the depth of 0–5 cm, the number of 
seeds increased in the downslope direction, 60,9%, 64,0%, and 64,3%, respectively, in the 
summit, midslope, and footslope parts of the hill. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Nowadays increasing of heavy metal content in the environment is one of the most important 
problems. This increase especially in the water, and soil, which is the source of our food, 
indicates potential future problems. Abundance of heavy metals in these resources also affects 
plants used for various purposes like food, traditional medicine, etc. This can lead to 
intoxication and diseases caused by heavy metals. Some plants are widely used for traditional 
medicinal purposes. Peganum harmala is a such plant with its use in African and Arabian 
countries, Iran, Uzbekistan, Greece, Spain, Italy, China, India, Mexico and America. Its seeds 
are used as herbal tea, or by directly eating for sedative, abortifacient, antiemetic, blood sugar 
lowering, anti-constipation, etc. [1]. Such wide geographic and pharmacological use increases 
the likelihood of chemical compounds such as heavy metals accumulating in the body and 
damaging it. This plant is not cultivated, and usually grows wild near human settlements; that 
is, its heavy metal content is also not controlled. These properties also increase the likelihood 
of intoxication and accumulation caused by heavy metals.  

METHODS 

For qualitative and quantitative determination of heavy metals in the P. harmala seeds, 
collected at 25.5°C in September 2019 from the sandy-soil area of Khaldan, Azerbaijan. In 
order to determine the natural amount of heavy metals in the plant, care was taken to ensure 
that there were no contaminants in the environment (plant, etc.). Dried and powdered seeds was 
treated at 90 °C with "king's water" (nitric acid: hydrochloric acid, molar ratio 1:3). After this 
process solution was cooled off, diluted with water, and filtered. 1 ml from the final solution 
diluted 100 times, added to the vial [2], transferred to the ICP-MS 7700 (Agilent Technologies, 
United States) for qualitative and quantitative analysis [3]. 

RESULTS 

As a result, the most abundant heavy metal in P. harmala seeds is manganese (Mn) with 
71.8 mg/kg. It is an extremely critical heavy metal for plant and animal growth. Manganese 
plays a role in bone growth and cholesterol production. Perosis (deformities of the foot and leg 
bones), eggshell formation, and reproductive abnormalities in chickens [4], skeletal anomalies, 
and ataxia in mammals may arise from its insufficient intake. Poor reproductive performance 
in elderly mammals is characterized by depressive or irregular estrus, low pregnancy rate, 
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abortion, stillbirths, and small birth weights [5]. High Mn concentrations have been shown to 
affect human lungs and brains [2]. Mn has a maximum authorized WHO limit of 200 mg/kg in 
medicinal plants, although its usual oral intake is 11 mg/day [6]. The level of manganese in 
P. harmala satisfies the required guidelines, according to the findings.  

After manganese, iron (Fe) is the second most prevalent heavy metal in P. harmala seeds, with 
58.5 mg/kg. It is the most widely distributed as a key element in all plants and animals [7]. Iron 
is required for hemoglobin production, and iron requirement is high in milk-fed, pregnant 
mammalians, and mammalians during ovulation [4]. It is unlikely to be deficient in grazing 
ruminants unless there are diseases that induce chronic blood loss or parasite infestations [5,8]. 
At high concentrations, on the other hand, it damages tissues and causes a variety of health 
problems in humans. It's also linked to anemia and neurological diseases in humans [7]. The 
WHO recommends a threshold of 20 mg/kg of iron in medicinal plants, while food intake is 
between 10 and 28 mg per day [6]. This demonstrates that, the amount of this element must be 
monitored for medical purposes. 

Mercury (Hg) and arsenic (As), at 0.016 mg/kg and 0.03 mg/kg, respectively, are the least 
common. The element As can alternatively be classified as a metalloid [8]. These two elements 
are also among the most hazardous heavy metals. In little levels, causes negative consequences 
in humans and animals [9]. However, the presence of less than the needed amount of mercury 
and arsenic in the plant demonstrates that the plant was not poisoned by these elements. 

 

Fig. 1.  Heavy metal content of Peganum harmala seeds (in mg/kg) 

CONCLUSIONS 

Based on the results, the heavy metals in the Peganum harmala seeds are at normal levels in 
the conditions of natural growth away from the risk of environmental pollution. 



701 
 

Keywords: Peganum harmala, heavy metal, manganese, iron, mercury, arsenic 

REFERENCES 

1. PRATAMA, M. R. F.; NASIBOVA, T.; PRATIWI, D.; KUMAR, P.; GARAEV, E. 
Peganum harmala and its alkaloids as dopamine receptor antagonists: in silico study. 
Biointerface Research in Applied Chemistry, 2021, Vol. 11, No. 3, p. 10301-10316. DOI: 
10.33263/BRIAC113.1030110316 

2. JOHN, S. A.; SENTHIL, T. K.; MUTHURAMAN, G.; MAJEED, A.; MAJEED, M. 
Mineral elements, and their ICP-MS validation in Crepidium acuminatum (D.Don) Szlach.- 
An Ashtavarga plant. Asian Journal of Biochemical and Pharmaceutical Research, 2017, 
Vol. 7, No. 4, P. 38-46. DOI:  10.24214/AJBPR/7/4/3845  

3. RÓDENAS DE LA ROCHA, S.; SÁNCHEZ-MUNIZ, F. J.; GÓMEZ-JUARISTI, M.; 
MARIN, M. T. L. Trace elements determination in edible seaweeds by an optimized and 
validated ICP-MS method. Journal of Food Composition and Analysis, 2009, Vol. 22, 
No. 4, P. 330–336. DOI: 10.1016/j.jfca. 

4. GURSOY, E.; MACIT, M. Determination of mineral contents of some legume and cereal 
forages grown as naturally in pastures of Erzurum province. Alinteri Journal of Agriculture 

Science, 2017, No. 32, P. 1-9.   

5. SPEARS, J. W. Minerals in Forages. In: GC Fahey (Ed), Forage Quality, Evaluation, and 
Utilization, 2015.  

6. World Health Organization. Quality Control Methods for Medicinal Plant Materials. 
Geneva: Switzerland, 1998.  

7. FUORTES, L.; SCHENCK, D. Marked elevation of urinary zinc levels and pleural-friction 
rub in metal fume fever. Veterinary and Human Toxicology, 2000, Vol. 42, No. 3.  P. 164–
165.  

8. VERNON, R. E. Which Elements Are Metalloids? Journal of Chemical Education, 2013, 
No. 90, P. 1703–1707.  

9. JAISHANKAR, M.; TSETEN, T.; ANBALAGAN, N.; MATHEW B. B.; 
BEEREGOWDA, K. N. Toxicity, mechanism and health effects of some heavy metals. 
Interdisciplinary Toxicology, 2014, Vol. 7, No. 2. P. 60–72.   

  



702 
 

EFFECTS OF DIFFERENT SIZES OF ZINC OXIDE AND COPPER 
OXIDE NANOPARTICLES ON GROWTH PARAMETERS AND 

ANTIOXIDATIVE ACTIVITY OF LACTUCA SATIVA  

K. Stašytė, R. Sutulienė, J. Miliauskienė, A. Brazaitytė 
Lithuanian Research Centre for Agriculture and Forestry, 

Institute of Horticulture, Department of Plant Physiology  

Kauno St. 30, Babtai, LT-54333, Kaunas distr. – Lithuania 

 +37063360636 

 kamile.stasyte@vdu.lt, ruta.sutuliene@lammc.lt; jurga.miliauskiene@lammc.lt; 

ausra.brazaityte@lammc.lt  

 
 

EXTENDED ABSTRACT 
 
 

OVERVIEW 

The use of nanoparticles (NPs) in agriculture is a new and promising area for agricultural 
improvement by reducing the negative impact of chemicals on the environment, improving the 
nutritional value of food and production by controlling pests and nutrients in plants [1]. Studies 
on the effects of metal-based nanoparticles on leafy greens will enrich knowledge about the 
benefits or risks of NPs to plants. 

Minerals like copper (Cu) and zinc (Zn) plays an important role in human nutrition. Copper is 
an important element in the formation of red blood cells and is particularly important for the 
functioning of the immune system [2].  Previous studies indicated that the effects of CuO and 
ZnO NPs generally depend on the plant species and the concentration of the nanoparticle 
solution, but there is still a lack of information on the effects of nanoparticle sizes on plants. 
According to the literature, CuO NPs may have different effects on plants, e.g. phytotoxicity of 
CuO nanoparticles was determined for soybeans (Glycine max cv. Kowsar) grown in soil and 
used CuO 25, 50, and 250 nm NPs, which was solidified in a viscose gel and buried in the 
ground [3]. It was also found that the non-enzymatic antioxidant activity was improved when 
lettuce (Lactuca sativa) was sprayed with a 20 mg/l concentration of CuO NPs and works better 
than the application through the soil [4]. Spraying with 50 nm ZnO NPs at a concentration of 
25 and 100 mg/l concentration improved morphological properties, reduced oxidative stress 
damage, and an intensified antioxidant system in cucumbers [5]. Besides, Coriander 
(Coriandrum sativum) has more intense photosynthesis, synthesis of antioxidative enzymes, 
and better nutritional value after the soil was supplemented with 100, 200, and 400 mg/kg ZnO 
NPs [6]. The aim of the study is to investigate the effect of different sizes of CuO and ZnO 
nanoparticles suspensions on lettuce growth and antioxidant system. 

METHODS 

The research was carried out in closed, controlled environment chambers (4 × 6 m) in a 
phytotron complex at the Lithuania Research Centre for Agriculture and Forestry, Institute of 
Horticulture, from November 7 to December 10. At first stone wool germination cubes (2 × 2 
× 3,5 cm) were soaked in distilled water, then the lettuce (Lactuca sativa, cv. Little Gem) was 
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sown. On the fifth day after sowing, plants were irrigated with hydroponic solution pH – 5.5 
and the electrical conductivity (EC) was 1,36 mS/cm. Two weeks after sowing, lettuce was 
transferred to large hydroponic systems with Ph 5,5 and EC – 1,38 mS/cm. The plants were 
sprayed with solutions of different sizes CuO (10, 20, 80 nm; 20 mg/l) and ZnO (18, 35-45, 80-
200 nm; 200mg/l) after 10 days of lettuce growing in hydroponic systems. A week later, the 
fresh and dry mass of the leaves and roots of the plants, as well as the leaf area, electrolyte 
leakage were measured. 

Antioxidant activity of lettuce leaves was evaluated by ABTS (2,2'-azino-bis-3-
ethylbenzothiazoline-6-Sulfonic Acid) [7], DPPH (2,2-diphenyl-1-picrylhydrazyl) [8], and 
FRAP – total phenolic compound activity [9] analysis. Extracts were prepared by weighing 0.1 
g of the lyophilized sample and adding 5 ml of 80% methanol. 2 hours samples were rotating 
in the caroused. After 24 h. Of storage at 4 oC and centrifuge at 3000 rpm. The supernatant was 
used for further analysis. All biochemical analysis was performed in 3 biological and 3 
analytical replications. 

RESULTS 

The effects of CuO (10, 40, 80 nm; 20 mg / l) and ZnO (18, 35-45, 80-200 nm; 200 mg / l) NPs 
were evaluated on lettuce growth parameters (Table 1.). The strongest effect on lettuce growth 
rates was spraying them with CuO 80 nm NPs. The smallest roots had lettuce sprayed with ZnO 
18 nm in size NPs. The lowest dry and green leaf masses were in lettuce sprayed with ZnO 
18 nm and CuO 40 nm NPs, and the smallest leaf area was in lettuce sprayed with CuO 10 nm 
NPs. 

Table 1. Effect of CuO (CuO1 – 10nm; CuO2 – 40 nm; CuO3 – 80 nm) and ZnO (ZnO1 – 
18 nm; ZnO2 – 35-45 nm; ZnO3 – 80-200 nm) nanoparticle suspensions on lettuce growth 

rates, averages followed by letters indicating differences between control and other variants at 
p <0.05 (n = 10) by Tukey's (HSD) test. FW – fresh weight, DW – dry weight, EL – 

electrolyte leakage.  

 Leaf 
FW, g 

Leaf 
DW, g 

Roots 
GW, g 

Roots 
DW, g 

EL, % Leaf area, 

cm2 

Control 
48.294 c 3.044 c 9.612 ab 0.297 a 75.325 b 

829.157 
a 

CuO 1 
57.030 a 3.369 b 6.720 c 0.240 b 58.509 c 

522.477 
e 

CuO 2 
39.416 e 2.417 e 6.815 c 0.194 c 52.905 c 

648.180 
d 

CuO 3 
57.393 a 3.598 a 10.408 a 0.300 a 89.363 a 

857.365 
a 

ZnO 1 
38.605 e 2.754 d 4.702 d 0.148 d 70.449 b 

681.495 
c 

ZnO 2 
45.295 d 2.880 cd 6.225 c 0.175 cd 79.092 b 

712.037 
c 
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ZnO 3 
53.034 b 2.951 c 8.894 b 0.236 b 52.564 c 

766.015 
b 

The effects of CuO (10, 40, 80 nm; 20 mg / l) and ZnO (18, 35-45, 80-200 nm; 200 mg / l) NPs 
were evaluated on lettuce antioxidant activity (Fig. 1). Antioxidant activity was strongest after 
spraying lettuce with ZnO 35-45 nm (DPPH – 2147,471 mM TE/g dry weight; ABTS – 3465,28 
mM TE/g green weight; FRAP – 3113,877 µmol/g) and CuO 40 nm (DPPH – 2220,869 mM 
TE/g dry weight; ABTS – 3311,051 mM TE/g green weight; FRAP – 2907,381 µmol/g) NPs. 
The lowest antioxidant activity was found in lettuce sprayed with CuO 10 nm (DPPH – 
1977,562 mM TE/g dry weight; ABTS – 2989,248 mM TE/g green weight; FRAP – 2572,554 
µmol/g) and ZnO 80-200 nm (DPPH – 1985,287 mM TE/g dry weight; ABTS – 2947,463 mM 
TE/g green weight; FRAP – 2662,381 µmol/g) NPs suspensions. 

 

Fig. 1.  Effect of CuO (CuO1 – 10nm; CuO2 – 40 nm; CuO3 – 80 nm) and 
ZnO (ZnO1 – 18 nm; ZnO2 – 35-45 nm; ZnO3 – 80-200 nm) nanoparticle 

suspensions on antioxidant activity (DPPH, ABTS, FRAP) in lettuce. 
Averages ± standard deviation are given, with letters indicating differences 

between control and other variants when p <0.05 (n = 10) according to 
Tukey's (HSD) test. 

CONCLUSIONS 

CuO 80-200 nm NPs have a positive effect on lettuce's fresh and dry mass of leaf and roots, 
electrolyte leakage, and leaf area. The highest antioxidant activity has lettuce sprayed with ZnO 
35-45 nm and CuO 40 nm NPs.  

Keywords: (CuO nanoparticles; ZnO nanoparticles; Lettuce; Antioxidant activity; ABTS; 
DPPH; FRAP) 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Abiotic stresses such as drought have a detrimental impact on plant productivity and yields of 
all major crops, thereby causing significant losses [1]. Peas, like other legumes, are more 
sensitive to water stress. Peas are extremely useful for the soil, in crop rotation and as a source 
of protein in the diet, so it is particularly important to discover new agronomic practices and 
maintain plant resilience [2]. This could be the use of certain nanoparticles (NPs) due to unique 
physicochemical properties: shape, size, crystal structure, chemical composition, 
physiochemical stability, and surface area [3]. 

Copper (Cu) is an essential trace element required for plant growth and development [4] and is 
included in proteins and metal enzymes required to perform various metabolic functions in plant 
cells. It is also actively involved in vital cellular processes such as mitochondrial respiration, 
electron transfer from photosynthesis, cell wall metabolism, hormone signalling, protein 
trafficking, and iron mobilization [5, 9]. In previous studies, researchers found that using higher 
concentrations of CuO NPs (from 100 mg / L to 1000 mg / L) suspensions had negative effects 
on lettuce [6], wheat [7] and mung bean [8] root length, fresh mass, and shoot length. Other 
researchers have found that using smaller CuO NPs (25 nm) at a concentration of 50 mg/kg 
decreased the production of oxidative stress biomarkers and at a concentration of 500 mg/kg 
increased enzymatic antioxidants in soybean plants [9]. However, there is still a lack of 
knowledge about how CuO NPs affect the antioxidant system of pea plants. The aim of this 
study was to determine the influence of different concentrations and application of CuO NPs 
on the antioxidant system of drought-affected peas. 
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METHODS 

Copper oxide NPs (particle size: 25-55nm; purity: 99.95+%) were used for this experiment (US 
Research Nanomaterials, Inc, Houston, TX USA). The concentrations of 50, 25, 12.5 ppm NPs 
were suspended in deionized water and dispersed using ultrasonicator for 60 min.  The research 
was carried out in a greenhouse (3 × 6 m, h = 2 m) at the Lithuanian Research Centre for 
Agriculture and Forestry, Institute of Horticulture, Babtai, from May 6 to June 22. Before 
sowing, green pea (Pisum sativum L. cv. Respect, Maribo Seed International ApS, Denmark) 
seeds were sterilized in 5% sodium hypochlorite solution. Pea seedlings were thinned to 7 plants 
per pot 5 days after sowing. The granulometric composition of the soil was heavy loam, pH 7.4 
± 0.1; concentration of humus – 3.6±0.1%; P2O5 - 243±8 mg kg-1; K2O - 348±37 mg kg-1; NH4 
– 4 ±0.6 mg kg-1; NO3 – 22±0.9 mg kg-1; SiO2 – 39±0.8 mg kg-1. Depending on the composition 
of the soil, peas were supplementally fertilized with nitrate. Then, the peas were irrigated with 
a cylinder every other day with 100 ml of tap water in each vegetative container to maintain 
80% substrate moisture (SM). Peas were sprayed or irrigated with a 12.5, 25, 50 ppm 
concentration of CuO NP suspension when they reached stage 40 on the BBCH scale [10]. After 
spraying or irrigating, part of the vegetation pots was maintained with normal substrate moisture 
(80%), while in others were initiated drought by maintaining low substrate moisture (30%). 
Samples were collected after 10 days of drought exposure.  

Antioxidant properties of pea leaves were evaluated as the DPPH (2-diphenyl-1-picrylhydrazyl) 
[11], ABTS (2,20-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) [12] radical scavenging 
activities, and Fe2+ reducing antioxidant power assay (FRAP) [13], also total contents of 
phenolic compounds [14] were determined. Extracts were prepared by grinding 0,3 g of plant 
leaves with liquid nitrogen and diluting with 5 mL of 80% methanol. After 24 h, the samples 
were centrifuged for 10 min at 3000 rpm (Hermle Z300K, Germany), extracts were filtered 
through cellulose filters and the supernatant was used for further analyses. All biochemical 
analysis was performed in 3 biological replications. Each of three biological replicates consisted 
of at least three conjugated plants and were repeated in three analytical replicates.  

RESULTS 

As can be seen in the graphs (Fig. 1), all concentrations of CuO NPs suspension influenced the 
antioxidant system of peas. The effect of drought (SM 30%) reduced the activity of the 
antioxidant system of pea plants from 17 to 96% compared to the control plants (SM 80%). 
However, peas sprayed or irrigated with CuO NPs suspensions showed a positive effect on the 
efficiency of the antioxidant system. We can distinguish Fe2+ reducing antioxidant power 
(Fig. 1 d) as it increased from 33 to 67% compared to control plants. In addition, we can observe 
that a concentration of 50 ppm of CuO NPs had increased the activity of the antioxidant system 
in DPPH (Fig. 1 b) and the total amount of phenolic compounds (Fig. 1 c) by 40 and 18%, 
respectively, compared to the control plants. Antioxidant activity was stronger when plants 
were irrigated with CuO NPs suspension than when sprayed with respect to ABTS radical 
scavenging efficiency (Fig. 1 a). 
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(a) 

 

(b) 

  

 

(c) 

 

(d) 

Fig. 1. Influence of drought stress and CuO NPs (0; 12,5; 25; 50 ppm) on 
ABTS (a) and DPPH (b) radical scavenging activity; total phenolic 

compounds (c); FRAP, Fe2+ reducing antioxidant power (d) in P. sativum L. 
Cont. – control plants, substrate moisture (SM) 80%; drought stress – SM 

30%. Values are mean ± SE of three replicates and different letters are 
differed significantly by Tukey HSD Test (P < 0.001). 

CONCLUSIONS 

CuO nanoparticles have a positive effect on the antioxidant system of drought-affected pea 
plants, depending on the concentration. Therefore, the use of CuO NPs in the environment 
needs to be thoroughly investigated and criteria for sustainable use need to be defined. 

Keywords: (CuO nanoparticles; Drought; Antioxidant activity; Pea; DPPH; ABTS; FRAP; 
TPC) 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Globally agriculture, horticulture and agroforestry sectors rely on chemical fertilization to 
achieve necessary yields for the expanding human population. However, chemical fertilizers 
have been linked to deleterious effects on the ecosystems, biodiversity, and human health. 
Bacterial biofertilizers can be an eco-friendly alternative to chemical fertilizers, at the very least 
limiting their use [1]. However, before their implementation in field trials, in-depth studies need 
to be done. Compared to biofertilizer studies regarding food crops, research concerning trees is 
still scarce, likely due to difficulties in study realization. However, research on both woody and 
herbaceous plants point towards possibilities in using bacteria as inoculants to improve plant 
growth, health and adaptability [1]–[3]. While some studies highlight just one aspect of the 
inoculant, it’s quite common that the same species affects their host plant in a variety of ways 
simultaneously [2], [4]. In our study poplar microshoots in vitro were inoculated with 
Paenibacillus sp., that was reported to be an effective biofertilizer in vitro, enhancing poplar 
root growth [4]. The aim of this study was to figure out whether growth-promoting 
Paenibacillus sp. bacteria affects Populus sp. microshoot free radical scavenging capacity, 
secondary metabolite, and photosynthesis pigment content in hopes of figuring out the holistic 
impact in may have.  

METHODS 

The experiment was done with a hybrid poplar Populus tremula x P. alba in vitro clone culture. 
Paenibacillus sp. was used for microshoot inoculation. Growth conditions and inoculation 
procedure was previously described [4]. Sample measurements were taken after 4, 6 and 8 
weeks. Amounts of chlorophyll a (CHLA) and b (CHLB), carotenoid (CAR), total phenol 
(TPC), total flavonoid contents (TFC) [2], antioxidant activity via DPPH (2,2-diphenyl-1-
picryl-hydrazyl-hydrate) and ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) 
assays were studied [5]. Pooled data from three independent experiments was used in statistical 
analysis (R software [6]). ANOVA, Kruskall-Wallis and Tukey’s pairwise comparison tests as 
well as correlation analysis were carried out.   

 

 

mailto:doroteja.vaitiekunaite@lammc.lt


712 
 

RESULTS 

Data on tested Populus sp. biochemical parameters is shown in Fig. 1 (ANOVA). No significant 
results were obtained after 4-week incubation. However, after 6 weeks the amount of CHLA 
was the only insignificant metric; all the results after 8 weeks were statistically significant. 
CAR, ABTS and DPPH, TPC and TFC were lower in the experimental group post 6th week of 
incubation, while CHLB amount has increased compared to their respective control groups.  

 

Fig. 1. The amounts (mg/g - phenolics and pigments, mM/g - antioxidant 
activity) of tested bioactive compounds in the inoculated and control groups 

during the experimental period. p-values: *** - ≤0.001, ** - ≤0.01, * - 

≤0.05 (post hoc Tukey Honest Significant Differences test (HSD) was 
performed for multiple pairwise-comparison between the means of groups). 

Red lines denote the same upward trajectory observed in several of the 
tested parameters.  

Comparatively, ABTS and DPPH, TPC and TFC had decreased after 8th week of incubation 
and amounts of photosynthesis pigments has increased in regard to their respective control 
groups. An obvious upward trend in the amounts of plant antioxidant capacity and phenolics 
over the experimental period in both control and experimental groups can be seen. However, 
photosynthesis pigment contents did not exhibit an analogue trend. After the 6th week the 
amounts of CHLA and CAR were lower in the inoculated plants relative to the control, while 
the amount of CHLB increased. After the 8th week, all the photosynthesis pigment contents had 
increased in the experimental group.  
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The correlation between the amount of bioactive compounds in the experimental and control 
groups can be seen in Fig. 2. In both the control and experimental groups, amounts of TPC-
TFC, DPPH-CHLB, CHLA-CHLB, CHLA-CAR, CHLB-CAR, TPC-ABTS displayed strong 
to moderate positive correlations. At the same time, a moderately negative correlation between 
TPC-CAR, ABTS-CAR and a moderately positive correlation between TFC-ABTS were noted 
in the control group, and moderately positive correlations in TFC-CHLA, DPPH-CHLA, TFC-
CHKB, TFC-CAR, DPPH-CAR were observed in the experimental group. This demonstrates 
that the inoculation with Paenibacillus sp. changed how photosynthesis pigments relate to other 
tested metrics between the control and experimental groups. Most notably, inoculation 
seemingly affected TFC’s relationship to all the pigments. 

 

Fig. 2. Correlation between the concentration of tested bioactive compounds 
in control (left) and experimental (right) groups (week 8) (Pearson 

correlation coefficient). Coloured squares represent statistically significant 
data (p<0.05).  

CONCLUSIONS 

Overall, the effects on Populus sp. antioxidant activity, phenolics and photosynthesis pigments 
could potentially be understood as promising and that Paenibacillus sp. may have a positive 
effect on their Populus sp. hosts without secondary repercussions to the plant’s biochemistry 
and health, hence at least partially confirming our hypothesis. Still, auxiliary information needs 
to be collected to understand more about the Paenibacillus sp.-poplar interaction prior to open 
ecosystem trials. 

Keywords: bacteria, Populus, Paenibacillus, phenols, flavonoids, DPPH, ABTS, chlorophyll, 
carotenoids. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Common wheat (Triticum aestivum L.) is one of the staple crops, producing a fifth of the 
proteins and calories consumed by the human population worldwide [1]. Winter wheat varieties 
are sown in autumn and the subsequent prolonged exposure to low positive temperatures 
induces cold acclimation (CA), which ultimately results in freezing tolerance (FT) and allows 
them to survive low negative temperatures in winter. CA promotes numerous molecular 
mechanisms, affecting the patterns of gene expression and metabolic processes, as well as the 
efficacy of photosynthesis [2]. During CA, winter wheat remains in the vegetative phase and is 
able to carry out photosynthesis efficiently, whereas under identical environmental conditions 
spring wheat experiences temperature-induced inhibition of photosynthesis [3]. This ability, 
combined with the prolonged vegetation period, results in winter wheat providing yields that 
are up to 36% larger than those of spring wheat [4,5]. However, the longer and warmer autumns, 
caused by climate change, may negatively impact the process of CA, thus, leading to 
insufficient FT of plants and a higher risk of winterkill [6]. Therefore, more research is required 
to understand how prolonged warm temperature during autumn affects the mechanism of CA. 
The aim of this work was to assess the effect of different low temperatures on winter wheat 
shoot biomass growth and metabolite accumulation during 7 weeks of CA. 

METHODS 

Two winter wheat varieties ‘KWS Ferrum’ and ‘Lakaja DS’ of lower and higher FT, 
respectively (unpublished data) were sown in peat moss substrate in 125 cm3 well trays in a 
randomized pattern in 2 CA treatment groups and 3 biological replications for each sampling 
point. Each biological replication is comprised of 3 plant leaves pooled together. Wheat was 
grown in a greenhouse at 18 °C temperature and 12 h photoperiod. Once the three-leaf stage 
was reached, plants were transferred to a PlantMaster (CLF Plant Climatics GmbH, Germany) 

mailto:gabija.vaitkeviciute@lammc.lt
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phytotron and kept in 12 h photoperiod, 200 μmol m2/s light intensity and 4·45 g/m3 total 
humidity. Group I was subjected to consistent CA at 2 °C; group II was exposed to prolonged 
warmer CA at 10 °C for 4 weeks and 2 °C for 3 weeks. Leaf tissue samples were collected once 
per week in 8 sampling points (1 sampling point before CA and 7 points during), instantly 
submerged in liquid N2, ground using the Mixer Mill MM 400 (Retsch, Germany), weighed out 
into 50 mg fresh weight (FW) aliquots and stored at -80 °C.  

To assess shoot biomass growth, ‘KWS Ferrum’ and ‘Lakaja DS’ were planted in 3 biological 
replications in 1.5 dm3 pots with peat moss substrate in 2 groups and exposed to the same 
conditions as described previously. For the duration of the experiment, once per week, starting 
from time point 0, images of winter wheat plants were taken with the EOS 2000D RGB sensor 
(Canon, Taiwan). ImageJ [7] was used to process these images and measure green leaf area 
(GLA). 

Ethanolic fractionations of winter wheat leaf samples were carried out using a Microlab STAR 
automated liquid handling platform (Hamilton Robotics, Switzerland) at the HiTMe facility at 
Bordeaux-Metabolome [8]. Supernatants were used to measure chlorophyll a and b [9], glucose, 
fructose, and sucrose content [8] using the MP96 microplate reader (Safas, Monaco). Amino 
acid content measurement was performed using the Xenius microplate fluorescence reader 
(Safas, Monaco) [10]. Protein [11] and starch [12] contents were measured in the pellets with 
the MP96 microplate reader (Safas, Monaco). Finally, pellets were washed twice with 0.5M 
NaOH using a Microlab STARlet automated liquid handling platform and lyophilised with a 
BenchTop Pro freeze dryer (SP Industries, USA). Remaining pellet weight - CWC - was 
determined with a 1702 analytical balance (Sartorius AG, Germany). Statistical analyses were 
conducted using RStudio v. 1.4.1717 [13] and MetaboAnalyst v. 5.0 [14]. Unpaired t-tests were 
carried out between varieties and treatment groups at week 7 of CA to assess the differences in 
chlorophyll a and b, CWC, glucose, fructose, sucrose, starch, amino acid, and protein contents 
in leaf samples. 

RESULTS 

Prolonged warm temperature during CA had a significant effect on winter wheat shoot biomass 
growth. In these conditions, both ‘KWS Ferrum’ and ‘Lakaja DS’ grew significantly more shoot 
biomass throughout 7 weeks (p < 0.05) compared to the same varieties, exposed to consistently 
low CA temperature. Furthermore, both varieties, subjected to 10 °C for 4 weeks, had continued 
to grow in shoot biomass even after the temperature was lowered to 2 °C for 3 weeks. ‘Lakaja 
DS’ had significantly less GLA (p < 0.05) compared with ‘KWS Ferrum’ in lower CA 
temperature treatment (see fig. 1).  
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Fig. 1. Dynamics of shoot biomass growth (measured as GLA) during the 
course of 7 weeks of CA. The vertical error bars indicate ±SD. 

Significant differences were found for CWC, chlorophyll b, starch, amino acid and protein 
contents (p < 0.05) (see fig. 2). At higher CA temperature, both varieties grew significantly 
more shoot biomass, gained more CWC and less amino acid content, compared to lower CA 
temperature (p < 0.05). No significant differences were found within or between treatment 
groups and varieties for chlorophyll a, glucose, fructose or sucrose content (p < 0.05). The more 
freezing-tolerant variety ‘Lakaja DS’ was shown to contain more chlorophyll b and less starch 
compared to the less freezing-tolerant ‘KWS Ferrum’ in prolonged warmer CA temperature 
conditions, as well as to accumulate more protein at lower CA temperature conditions. 
Strikingly, these results suggest that during CA the ‘KWS Ferrum’ variety, which grew more 
shoot biomass, had a higher metabolic carbon/nitrogen (C/N) ratio than the ‘Lakaja DS’ variety. 
Indeed, the former had lower protein content and higher starch levels. It has been suggested 
that the increase in protein content compensates for the temperature-dependent decrease in 
catalytic activity, thus increasing tolerance to low temperature [15]. Besides, antifreeze proteins 
including dehydrins, which provide protection against abiotic stress, have previously been 
shown to accumulate in winter wheat during CA, thus, increasing their FT [16]. Furthermore, 
the relatively strong increase in amino acids observed at 2 °C in ‘Lakaja DS’ probably 
contributes to increased FT by decreasing the freezing point, which is not the case with starch. 
However, when subjected to prolonged warmer temperature during CA, ‘Lakaja DS’ contained 
less amino acids and proteins, compared to the same variety kept at lower CA temperature, thus, 
indicating that higher temperature may lead to insufficient CA and FT [6]. 
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Fig. 2. Heatmap, representing the differences in values of 6 statistically 
significant (p < 0.05) metabolites and features among the 2 winter wheat 

varieties and 2 treatment groups at week 7 of CA. Data were scaled from -1 
to 1 and the heatmap was drawn using Pearson distance method and Ward 
clustering method. CWC and GLA were clustered in one closely related 

group, whereas amino acid and protein contents composed another closely 
related group. 

CONCLUSIONS 

The prolonged warm temperature during CA significantly affected winter wheat shoot biomass 
growth and metabolite accumulation. Both varieties, kept at 10 °C for 4 weeks and 2 °C for 3 
weeks of CA, grew significantly more shoot biomass compared to plants subjected to 2 °C 
during CA (p < 0.05). Furthermore, at higher CA temperature, both varieties accumulated more 
CWC and less amino acid content compared to plants exposed to consistently lower CA 
temperature at week 7 (p < 0.05). The more freezing-tolerant variety ‘Lakaja DS’, which 
contained more chlorophyll b and less starch compared to ‘KWS Ferrum’, grew less and gained 
more protein content when subjected to a prolonged lower temperature during CA (p < 0.05). 
The present study indicates that maintaining a relatively low C/N ratio may play an important 
role in the acquisition of FT. 

Keywords: abiotic stress, climate change, Triticum aestivum L. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Despite significant efforts in recent decades to combat Fusarium head blight (FHB), a disease 
remains one of the most important and widely studied diseases of wheat and other cereal plants 
[1]. FHB is mainly associated with Fusarium species, the majority of which are potential 
trichothecene producers. Mycotoxins produced by Fusarium fungi are harmful to humans and 
animals. This disease is also a major global concern because it can reduce grain yields by up to 
60% [2]. In recent decades, Fusarium species have become more prevalent in Northern Europe 
[3]. The primary source of FHB infection is host plant residues that remain in the soil. Wheat 
(Triticum L.), barley (Hordeum vulgare L.), rice (Oryza sativa L.), oats (Avena sativa L.), rye 
(Secale cereale L.), triticale (×Triticosecale Wittmack), and maize (Zea mays L.) are the main 
primary host plants of pathogenic Fusarium spp. To date, studies have focused on small grain 
cereal as a host plant for these pathogens, but it has recently been discovered that several non-
gramineous plant species can serve as asymptomatic alternative hostplants and the harbour with 
FHB associated Fusarium fungi [4, 5]. Although there are several studies demonstrating the 
ability of Fusarium graminearum to reside in non-gramineous plants internal tissues and cause 
FHB associated symptoms, however other Fusarium spp. and its role in the epidemiology of 
the FHB remain unclear [5, 6]. It is therefore, necessary to investigate the ability of 
asymptomatically existing Fusarium species to cause FHB symptoms in cereals. The aim of 
this study was to evaluate the pathogenicity of Fusarium avenaceum, F. culmorum, 

F. graminearum, and F. sporotrichioides derived from three non-gramineous plant species 
grown in cereal cropping system  Brassica napus L., Pisum sativum, and Beta vulgaris to 
spring wheat under greenhouse conditions.  

METHODS 

The pathogenicity of Fusarium strains isolated from non-gramineous hostplants to spring wheat 
was determined according to Purahong et al. [7]. A total of 45 Fusarium isolates, including 35 
from non-gramineous plants and 11 from spring wheat, were maintained from the collection of 
Microbiology Laboratory, Lithuanian Research Centre for Agriculture and Forestry and were 
used for floret inoculation. Pots (LxWxH: 13.0x8.8x11.5 cm) were filled with a commercial, 
pH-adjusted (5.5 - 6.5) substrate, and four spring wheat seeds were planted per pot. FHB-

mailto:evelina.zavtrikoviene@lammc.lt


722 
 

susceptible spring wheat breeding line “DS-1403-3-DH” was used for pathogenicity tests. The 
greenhouse maintained ± 25 ºC during the day and ±19 ºC at night with 14-hour light and 10-
hour dark mode. Wheat plants with mineral fertilizer complex (NPK, 11-11-21) were fertilized 
one week after planting (3 g of fertilizer per pot) watered 2 times a week. The spikes were 
inoculated during anthesis. Twenty microliters (10µl / floret) of each Fusarium isolate 
suspension and sterile water for negative control were injected into two adjacent florets at the 
centre of the spike (without wounding). The inoculated spikes were covered with polyethylene 
bags for 72 hours to ensure the required moisture. The suspension of each isolate was used for 
inoculations of 15 spikes (3 spikes x 5 replicates). FHB incidence and severity (%) of inoculated 
spikes were evaluated at 7th (BBCH 69-71), 14th (BBCH 73) and 21st (BBCH 73-75) days 
post-inoculation (DPI) based on Engle et al. [8]. Grain weight per spike was evaluated at the 
full ripening stage (BBCH 89). Collected data were transformed as log (x + 0.5) and were 
processed for ANOVA with Tukey’s Means Separation Test (p=0.05). 

 

Fig. 1. A) Inoculation of spring wheat florets with Fusarium isolate 
suspension without wounding the spike. B) Incubation of inoculated spikes 

for 72 h. C) Spring wheat spike infected with FHB after 21 days post-
inoculation (DPI). 

RESULTS 

After 21 DPI in Fusarium inoculated spikes FHB severity ranged from 9.3% to 69.6% and were 
significantly higher (p <0.01) compared to water control (4.4%). In F. avenaceum inoculated 
spikes FHB severity values varied from 9.3% to 19.0% (on average 12.6%). Isolate 19p from 
Brassica napus showed the highest FHB severity (19%), isolate from Beta vulgaris 33.3s and 
from Pisum sativum 10ž were least pathogenic (7.8 % and 8.0%) and did not differ from water 
control. In F. culmorum infected spikes FHB severity values ranged from 9.5% to 45.7% (on 
average 31.8%), highest value (45.7%) observed in isolate 15.1 l from Beta vulgaris. In F. 

graminearum inoculated spikes FHB severity values varied from 11.7% to 69.6% (on average 
26.8%). Isolate 5z3p3-1 from Pisum sativum showed the highest FHB severity value (69.6%). 
In F. sporotrichioides inoculated spikes FHB severity values ranged from 9.7% to 16.7% (on 
average 11.9%). The highest FHB severity (16.7%) showed isolate 1.7 from spring wheat. 
Isolate 37 s from Pisum sativum was least pathogenic (8.2%) compared to other 
F. sporotrichioides isolates and did not differ from water control. At full ripening stage (BBCH 
89), F. graminearum isolate 5z3p3-1from Pisum sativum, F. sporotrichioides isolate 8VK5V19 
from spring wheat, and F. culmorum isolate 26š from Brassica napus, showed significant 
(p <0.05) reduction of grain weight per spike (41.4%, 43.1%, and 55,4% respectively) 
compared to water control. Based on the overall results, it can be concluded that FHB severity 
varied among the Fusarium species but not among the host plants. At the greenhouse 
conditions, F. avenaceum, F. culmorum, F. graminearum, and F. sporotrichioides isolates from 
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symptomless Brassica napus, Pisum sativum, and Beta vulgaris were able to cause FHB 
symptoms and reduce grain weight. 

CONCLUSIONS 

The information presented in this study might be useful in better understanding the 
pathogenicity of Fusarium fungi derived from non-gramineous plant species of cereal cropping 
systems. Based on results obtained in this study, it can be concluded that asymptomatic non-
gramineous plants such as Brassica napus, Pisum sativum, Beta vulgaris can harbour 
pathogenic F. avenaceum. F. culmorum, F. graminearum, and F. sporotrichioides. Fusarium 
fungi derived from mentioned plants can cause FHB and reduce grain yield. 

Keywords: greenhouse, Fusarium, non-gramineous, pathogenicity, spring wheat. 

REFERENCES 

1. SAVARY, S.; WILLOCQUET, L.; PETHYBRIDGE, S. J.; ESKER, P.; MCROBERTS, 
N.; NELSON, A. The global burden of pathogens and pests on major food crops. Nature 

Ecology & Evolution, 2019, Vol. 3, No 3, P. 430–439.  

2. MATNY, O. N. Fusarium Head Blight and Crown Rot On Wheat & Barley: Losses And 
Health Risks. Advances In Plants & Agriculture Research, 2015, Vol. 2, P. 39-45. 

3. SUPRONIENĖ, S.; SAKALAUSKAS, S.; MANKEVIČIENĖ, A.; BARČAUSKAITĖ, K.; 
JONAVIČIENĖ A. Distribution of B type trichothecene producing Fusarium species in 
wheat grain and relation to mycotoxins DON and NIV concentrations. Zemdirbyste-

Agriculture, 2016, Vol. 103, P. 281–288. 

4. RASIUKEVICIUTE, N.; SUPRONIENE, S.; KELPSIENE, J.; SVEGZDA, P.; 
KADZIENE, G.; SNEIDERIS, D., IVANAUSKAS A., TREIKALE O. Susceptibility of 
Non-Cereal Crops to Fusarium Graminearum Complex and Their Role Within Cereal Crop 
Rotation As A Source Of Inoculum For Fusarium Head Blight. Spanish Journal of 

Agricultural Research, 2018, Vol. 16, No. 4. 

5. SUPRONIENĖ, S.; KADZIENE, G.; IRZYKOWSKI, W.; SNEIDERIS, D.; 
IVANAUSKAS, A.; SAKALAUSKAS, S.; SERBIAK, P.; SVEGZDA, P.; 
AUSKALNIENE, O.; JEDRYCZKA, M. Weed species within cereal crop rotations can 
serve as alternative hosts for Fusarium graminearum causing Fusarium head blight of 
wheat. Fungal ecology, 2019, Vol. 37, P. 30-37. 

6. SUPRONIENĖ, S.; KADZIENE, G.; IRZYKOWSKI, W.; SNEIDERIS, D.; 
IVANAUSKAS, A.; SAKALAUSKAS, S.; SERBIAK, P.; SVEGZDA, P.; KELPSIENE, 
J.; PRANAITIENE, S.; JEDRYCZKA, M. Asymptomatic weeds are frequently colonized 
by pathogenic species of Fusarium in cereal-based crop rotations. Weed research, 2019, 
Vol. 59, P. 312-323.  

7. PURAHONG, W.; NIPOTI, P.; PISI, A.; LEMMENS, M.; PRODI, A. Aggressiveness of 
different Fusarium graminearum chemotypes within a population from Northern-Central 
Italy. Mycoscience, 2014, Vol. 55, P. 63-69. 

8. ENGLE, J.S.; LIPPS, P.E.; MILLS, D. Fusarium head blight severity scale for winter wheat. 
Bulletin, 2003, AC-48-03, Extension Factsheet, Ohio State University.  



724 
 

BIOLOGICALLY ACTIVE SUBSTANCES OF CHIKORY 
(CICHORIUM INTYBUS) AND PLANTAIN (PLANTAGO 

LANCEOLATA) 

M. Budvytis, Ž. Kadžiulienė 
Lithuanian Research Centre for Agriculture and Forestry 

Instituto al. 1 Akademija,. LT-58344 Kėdainiai distr. – Lithuania 

+370 674 38989 

mindaugas.budvytis@lammc.lt  

 
R. Stankevičius 

Lithuanian University of Health Sciences  

Tilžės g. 18, 47181 Kaunas – Lithuania 

+370 610 07416 

 rolandas.stankevicius@lsmuni.lt  

 
 

EXTENDED ABSTRACT 
 
 

OVERVIEW 

The world faces challenges, such as excessive use of antibiotics for ruminant inflammations 
treatment. Researchers made across the globe suggest that various phytoactive substances have 
positive effect to the animal health, productivity or disease prevention (1;2). Some studies are 
made with green tea extracts and curcuma on influence of those substances on milking cow 
health, reducing inflammatory processes. The data of this study indicate that cows were 
supplemented with a plant product, consisting of green tea and curcuma extract in the most 
sensitive time of cow’s lactation - from week 3 prepartum to week 9 of lactation. As results 
show, product had some positive effect on inflammation as well as concentration of stress 
hormone. Hepatic lipid concentrations were also reduced in the cows, supplied with this 
preparation. This data suggests that feeding the plant product attenuated metabolic stress in the 
liver. Finally, as a side effect, it was observed that supplementation of the phytoactive product 
increased the amount of energy-corrected milk yield during early lactation (2). To ensure cows 
get more plant active products from regular feeds, available locally, it’s important to find a 
nutritive grasses, that characterize in antioxidant as well as nutritive qualities. Many plants 
(grasses) contain phytochemicals, which fed to ruminants can be useful for animal health as 
well as contain high nutritive value and green mass gain as a feed stuff (3; 4). Identification of 
new herbs and new forage mixtures is an important step to get a well balanced swards which 
generates good yields in local conditions as well as have high nutritive value and antioxidant 
properties. The objective of preliminary study was focused on perennial herb species as 
common chicory (Cichorium intybus) and plantain (Plantago lanceolata) to determine 
antioxidant properties which were identified using total phenolic content and antiradical 
activity.  
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METHODS 

Two grasses were analysed: chicory (Cichorium intybus) and plantain (Plantago lanceolata) – 
growing as a monoculture and in mixture with each other, perennial ryegrass, meadow fescue 
white clover and red clover. For analyses were used herbage of first sward age year of the 
swards. Herbs for making tests were milled. UV–visible light spectrophotography Folin–
Ciocâlteu method was used for determining ammount of phenolic compounds. Antiradical 
activity was measured by using spectrophotometric – DPPH method. 

Herbage were taken from the first year swords.Statistical analysis. To analyse the effects of the 
treatment, an analysis of variance (ANOVA) was conducted. Significant differences between 
the experimental treatments were determined using Duncan’s multiple range test at the 5% 
probability level (p < 0.05). 

RESULTS 

The phenolic compounds were evaluated in the herbage of first two cuts of swards. The amount 
of the phenolic compounds differed depending on sward mixture and cuts. In the first cut 
significantly the highest amount of the  phenolic compounds was obtained in chicory grown in 
mixture with the perennial ryegrass and chicory alone. The lowest amount accurred for chicory 
grown with meadow fescue (Table 1).  In the second cut the highest amount of the phenolic 
compounds were found in chicory herbage which grown in mixture with perrenial ryegrass as 
in the first cut.  Reliable antiradical activity was significantly higher in chicory herbage grown 
alone, meanwhile in second cut in chicory from mixture with perennial ryegrass. 

Analysing phenolic compounds in the plantain herbage, we find, that in the both cuts the most 
reliable phenolic compound had plantain herbage obtained from swards with perrenial reygrass 
(Table 2). Meanwhile antiradical activity in the first cut was highest in plantain herbage which 
grown with meadow fescue and similar activity obtained in plantain monoculture. In the second 
cut the antiradical activity significantly higher was observed in plantain grown in the mixture 
with meadow fescue. 

Assessing phenolic compaunds on average in both types of forbs, one can see a tendency for 
higher amounts of phenols to accumulate in plantain herbage regardless of the composition of 
the swards. However, for a more comprehensive assessment, it is necessary to take into account 
the fertility of the swards and the ratio of these forbs in the swards. 
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Table 1. Amount of phenolic compounds and antiradical activity in herbage of the chicory 
(Cichorium intybus) grown in different swards. 

Forbs Amount of phenolic 
compounds, mg GRE/g 
DW 

Antiradical activity, μmol 
TE/g DW 

 I cut II cut I cut II cut 

Chicory 32,0 bc 23,9 bc 1699 e 1003 bcd 

Chicory (chicory x plantain) 27,3 abc 24,5 c 1024c 835 b 

Chicory (chicory x p. ryegrass) 34,7 c 33,2 d 630a 1070d 

Chicory(chicory x meadow 
fescue) 

22,3 a 22,0 bc 1463d 936 bcd 

Chicory (chicory x white clover) 22,8 a 19,7 b 798 b 552a 

Chicory (Chicory x red clover) 24,2 a 14,1 a 769 b 568 a 

Note: Different letters indicate significant differences between the treatments (p < 0.05). 

Table 2. Amount of phenolic compounds and antiradical activity in herbage plantain 
(Plantago lanceolata) grown in different swards. 

Forbs Amount of phenolic 
compounds, mg GRE/g DW 

Antiradical activity, μmol 
TE/g DW 

 I cut II cut I cut II cut 

Plantain 40,7 b 31,1 b 1539 b 1117 bc 

Plantain (Plantain x chicory). 26,5 a 37,8 d 879 a 1303 cde 

Plantain (Plantain x p. 
reygrass) 

46,8 d 40,9 d 1957 c 1473 e 

Plantain (fescue x plantain) 37,6 b 32,4 b 1562b 1328 cde 

Plantain (Plantain x white 
clover) 

33,3 c 21,0 a 1039 a 770 a 

Gyslotis (Plantain x red 
clover) 

37,6 b 25,8 e 1352 b 948 ab 

Note: Different letters indicate significant differences between the treatments (p < 0.05). 

CONCLUSIONS 

The preliminary research results showed that both of those forbs had high antiradical activity 
as well as common   phenolic compounds count. Concentrations of bioactive compounds in the 
plant biomass may vary during the growing season and age of the swards.  Further research on 
forbs of different sward age is needed. It can be expected that the incorporation of these forbs 
into grassland mixtures can improve the quality of herbage used as forage.  
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Brown rot is the most prevalent and economically important pre- and postharvest disease of 
stone and pome fruits in Rosaceae family and is caused by Monilinia spp. [1]. These pathogens 
cause a wide range of diseases including brown rot, twig canker, and blossom blight. The genus 
Monilinia includes three of the most important phytopathogenic species – M. fructigena, M. 

laxa and M. fruciticola [2]. Monilinia fructicola (Winter) Honey pathogen is the most 
dangerous pathogen of the genus in the whole world if prevention is not done properly [3]. M. 

fructicola is a quarantine pathogen in Europe and is listed in the European and Mediterranean 
Plat Protection Organisation (EPPPO) database in category A2 [4]. This pathogen is already 
found in thirteen European countries (EPPO2019) and is spreading to new areas due to the 
strong spore dispersal [5]. In 2018, a transcriptome analysis of M. fructigena, M. laxa, and M. 

fructicola was performed, which is important for further molecular and genetic studies on 
population biology, plant-pathogen interactions, and physiology of Monilinia species [6]. 
Knowledge of the genetic structures of pathogen populations can be useful for tracking and 
distinguishing genotypes. Microsatellites (SSR) are widely used to analyse genetic diversity 
between and within species and provide insight into changes in population genetics [7]. 
Conventional methods for constructing primer pairs require a priori information about DNA 
sequences and are time-consuming and expensive [8]. Since the genomes of Monilinia 
pathogens are available in the National Centre for Biotechnology Information database, SSR 
primers can be generated more easily [9,10,11]. Using bioinformatics tools, it is possible to 
create microsatellite primers more effectively. The Genome-wide Microsatellite Analysing 
Tool Package (GMATA) is a platform for identifying SSRs and generating primers [12]. 
However, in order to use the generated primers for a broader range of reserches, their specificity 
should be validated under laboratory conditions. The aim of the study was to develop SSR 
primers and analyse their specificity for three Monilinia species: M. fructigena, M. fruicticola 
and M. laxa. 

METHODS 

This research was performed in apple and plum orchids at the institute of Lithuanian Centre for 
Agriculture and Forestry, in the summer of 2020. In total 48 isolates were collected from plum 
(21) and apple (27) fruits with visible Monilinia spp. pathogens mycelium. 

mailto:Raminta.Antanyniene@lammc.lt
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Mycelium of Monilinia spp. was collected according to the method of Amiri et al. [13] and 
grown on potato dextrose agar (PDA) (Scharlab, Spain) for 10 days at 22 °C in 16/8-h day/night 
mode. 

Monilinia spp. genomic DNA was extracted using the Genomic DNA Purification Kit (Thermo 
Scientific™, USA) according to the manufacturer's instructions. The concentration and quality 
of the extracted DNA were assessed using the NanoPhotometer™ (Implen, Germany). 

For the identification of Monilinia spp. multiplex PCR was used according to the method of 
Côté at al. (2004), using MO368-8R primers specific for M. fructigena (402 bp) and M. 

polystroma (425 bp), MO368-10R for M. fructicola (535 bp), Laxa-R2 for M. laxa (351), and 
MO368-5 - common reverse primer for all Monilinia spp. (535 bp). The following 
thermocycling conditions were used for the PCR reaction: initial denaturation at 94°C for 10 
min; 7 cycles at 94°C for 30 s, 59 to 65°C for 45 s, and 72°C for 60 s; followed by 25 cycles at 
94°C for 30 s, 58°C for 45 s, and 72°C for 60 s, the elongation process at 72°C for 10 min. The 
results were observed in 1.3% agarose gel under UV light 'E.A.S.Y Win 32' (Herolab, 
Germany).  

SSR markers and primers for M. laxa, M. fructigena, and M. fructicola were created and 
evaluated under in silico conditions previously [14] using electronic PCR module within 
GMATA software [12]. In this study, 8 primer pairs (Table 2) were selected according to their 
association with pathogenesis-related genomic regions [6] to evaluate their specificity under 
laboratory conditions. PCR and electrophoresis conditions were the same as described above. 

RESULTS 

After multiplex polymerase chain reaction (m-PCR) M. fructigena-specific fragment was 
detected as dominant (97%) and the M. laxa-specific fragment was detected in only 3% of all 
samples. 

The specificity of the designed primers for the Monilinia species is shown in Fig.1. Fragments 
for primers ML104 (358 bp), MFg90 (292 bp), and MFg39 (346 bp) were observed under 
laboratory conditions for the pathogens of M. laxa and M. fructigena. The results were 
controversial to those observed under in silico conditions [14].  

ML2 (348 bp) and ML86 (336 bp) SSR primers were specific for the M. laxa pathogen. The 
ML2 (348 bp) primer did not amplify any fragments in the M. fructigena samples. However, 
the ML86 SSR primer amplified smaller fragments (250 bp) in M. fructigena. This indicates 
that the ML86 primer amplifies fragments of different sizes in both species, allowing species 
differentiation. 

Three primers ML159 (313 bp) - specific for the pathogen of M. laxa, MFg27 (239 bp) and 
MFg2 (260 bp) - specific for M. fructigena under in silico conditions, were amplified in both 
species but the luminosity of the fragments was different. This might be related to a 
polymorphism that is different in M. laxa and M. fructigena.  
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Fig. 1. The specificity of the primer in Monilinia spp. In picture – Primer 
names; L – positive M. Laxa control; F – positive M. fructigena control; M 

– 100 bp marker. 

The specificity of the species-specific primer ML2 was evaluated for all samples in laboratory 
conditions. The results confirmed that this primer is specific for M. laxa pathogen (Fig.2).  

 

Fig. 2 The specificity of ML2 primer for isolates. In picture - L- M. Laxa 
sample; F – M. fructigena sample; M – 100 bp marker, K- - negative 

control. 

All primers associated with pathogenesis were specific for M. fructigana or M. laxa species 
under in silico conditions. In this study, analysis of the specificity of 8 primers under laboratory 
conditions using an m-PCR method showed that only 5 primers could be used for further 
analysis of Monilinia spp. (Table 1). 

1 Table. Pathogenesis related SSR primer specificity for Monilinia spp. 

SSR primer 
* 

Fragment 
size (bp) 

In silico 

specificity 
Specificity under 
laboratory 
conditions  

MFg27 239 bp M. fructigena M. fructigena 
MFg39 346 bp M. fructigena - 
MFg90 292 bp M. fructigena - 
ML2 348 bp M. laxa M. laxa 
ML86 336 bp M. laxa M. laxa 
ML104 358 bp M. laxa - 
ML159 313 bp M. laxa M. laxa 
MFg2 260 bp M. fructigena M. fructigena 

*SSR primers created under in silico conditions [14] 
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CONCLUSIONS 

Five SSR primer pairs can be used for species-specific analysis of Monilinia spp.: ML2, ML86, 
and ML 159 primers for the pathogen M. laxa and MFg2, MFg27 for M. fructigena. Results 
obtained in silico do not always agree with laboratory results. Laboratory analyses should be 
performed to confirm the specificity of the primers generated. 

Keywords: Brown rot, Monilinia spp., SSR, Microsatellites, primer specificity. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

The blackcurrant reversion virus (BRV) is one of the most damaging pathogen in Ribes 
plantations. BRV attacks leaves, flowers and berries, blackcurrants stop harvesting and die 
within 3 – 4 years. Several genes and molecular markers are known to confer resistance to BRV 
[1-4]. Defence response genes’ Pathogenesis related (PR) and Coronatine insensitive 1 (COI1) 
homolog emphasizing the R. nigrum genome have been already found and specific primers 
identifying these genes in blackcurrants have been designed [5]. PRs are induced through the 
action of the salicylic (SA) or jasmonic (JA) acids signaling compounds and often used as 
markers of the enhanced defensive state conferred by pathogen induced systemic acquired 
resistance (SAR) [6]. Meanwhile, COI1 is considered as a marker for defense responses 
mediated by the JA and thus, induced systemic resistance (ISR) [7]. However, defense pathways 
related to BRV resistance in Ribes genus are still unknown. The aim of this study is to perform 
PRs and COI1 expression and determine which signalling pathway is responsible for resistance 
to BRV in blackcurrants 1x105. 

METHODS 

Three weeks old in vitro propagated microplants of BRV resistant cultivar Aldoniai and 
susceptible – Ben Tirran were mechanically inoculated with BRV through roots. This method 
ensures greater inoculum-plant contact and more efficient virus transport through the plant. 
BRV concentration in 1 µl of inoculate was approximately 3.325 × 109 copies, according qRT-
PCR data by relative quantification strategy. Infected plants were maintained 2 – 8 days in a 
growth chamber at 4 °C temperature. Total RNA was isolated using GeneJET Plant RNA 
Purification Mini Kit, cDNA was synthetised using Maxima H Minus First Strand cDNA 
Synthesis Kit (Thermo Scientific). BRV detection in microshoots was investigated by PCR 
using the specific primer pair P1/P2 (210 bp) [8] and visualized in 1.3% agarose gel. PRs and 
COI1 expression was analyzed by qRT-PCR using specific primers in 3 biological replicates 
[5]. Relative expression was assessed by 2(-Delta Delta C (T)) method [9], where mock 
inoculated microplants were used as a control, Actin – as reference gene. 

RESULTS 

After mechanical inoculation under in vitro conditions, two cultivars for presence of BRV 
infection after 2, 4, 6, 8 days post inoculation (dpi) were screened. It was determined, that in 
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resistant genotype Aldoniai the specific fragment of virus RNA2 was amplified up to 6 dpi 
(Fig. 1A), meanwhile in susceptible cultivar Ben Tirran – on all days after inoculation (Fig. 1B). 

Fig. 1. Detection of BRV specific fragment in cv. Aldoniai (A) and cv. Ben 
Tirran (B). C_2, C_4, C_6 and C_8 – mock inoculated plants on 2, 4, 6 and 

8 dpi, V_2, V_4, V_6 and V_8 – BRV inoculated plants on 2, 4, 6 and 8 
dpi; M – size standard SM0333 (Thermo Scientific), NC – negative control, 

PC – positive control. 

The expression profiles of PR1, PR6 and COI1 homologs in R. nigrum during biotic stress were 
compared by qRT-PCR (Fig. 2). It was observed that resistant to BRV cv. Aldoniai showed an 
augmented expression of PR1 comparing to mock inoculated plants (Fig. 2A). PR1 had the 
maximum expression value 17.83 with significant difference on 2 dpi in resistant genotype. 
Later, the expression of this gene began to decline to 1.17 on 8 dpi. The expression levels of 
COI1 and PR6 during entire period of the experiment varied from 0.84 to 1.44 and from 0.24 
to 1.37 respectively, and significant differences were observed. 

Fig. 2. Relative expression of COI1, PR1 and PR6 in resistant cv. Aldoniai 
(A) and susceptible cv. Ben Tirran (B) in response to BRV. Data presented 
as mean and SEM. Letters indicate statistically significant differences (P ≤ 

0.05) between means of individual gene data. 

In susceptible genotype Ben Tirran, the expression levels of PR6 were fluctuating and 
transcripts of this gene had the highest expression value 3.33 with significant difference on the 
4 dpi (Fig. 2B). During the entire period of the experiment, the expression of COI1 tended to 
decrease, meanwhile PR1 – to increase, but no significant differences were obtained in many 
cases.  
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CONCLUSIONS 

Genes associated with the response to biotic stress confirmed BRV infection in blackcurrant 
microplants but expressed differentlly. BRV resistant R. nigrum cv. Aldoniai on 2 day activates 
the defense response of the SA signalling pathway, which is confirmed by the intense 
expression of the PR1. In susceptible R. nigrum cv. Ben Tirran, relatively high expression of 
the JA-depended PR6 was detected on 4 dpi. Thus, the blackcurrant’s immune system activates 
PR genes involved in systemic acquired resistance in response to BRV infection in vitro. 
Similar expression levels of the COI1 was observed in both genotypes. 

Keywords: Blackcurrant reversion virus, defence response, gene expression 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Daylilies (Hemerocallis L.) is one of the popular ornamental flowering plants with over 95 000 
varieties worldwide. Most Hemerocallis species are diploid (2n), with only known triploid H. 

fulva var. kwanso [1]. Tetraploid (4n) daylilies were induced with colchicine more than 70 years 
ago. Both diploid and tetraploid daylilies have high interest and commercial value. It is essential 
to propagate individual forms. However natural plant multiplication coefficient is low. There 
were various approaches to improve in vitro multiplication to meet market demand better. 
However, daylilies are conspicuously challenging to propagate using tissue culture [2]. Progress 
reached with growth regulator thidiazuron (TDZ). It has been shown to promote shoot 
regeneration more expeditiously than other cytokinins as well it is attained at much lower 
concentrations [2, 3]. This experiment aims to evaluate diploid and tetraploid daylily varieties’ 
regeneration in different thidiazuron concentrations. 

METHODS 

In this experiment, for induction of micropropagation, young scapes 14 diploid (2n) and 14 
tetraploid (4n) varieties were used. Scapes were washed under running water for 1 hour. Then 
sterilized with 70% ethyl alcohol, washed with aseptic water, sterilized with mercuric chloride 
for 7 minutes, and washed three times with aseptic water. Twenty-four pieces of scapes (6 
pieces per vessel with four multiplication) were used per variant of each variety. Murashige and 
Skoog (MS) [4] media with pH 5,9 and 10,3g/l phyto agar were selected for daylily 
multiplication. Prepared media were sterilized at 121°C for 30 minutes. The assigned quantity 
of TDZ (0; 1; 5; 10; 15 mg/l) was added to the autoclaved medium in an aseptic environment. 
After four weeks, callus induction frequency (%) and mortality rate (%) were observed. After 
12 weeks of callus induction frequency (%), the number of regenerated shoots and shoots height 
(cm) were observed. The experimental data were processed by the analysis of variance 
(ANOVA). The mean value of results corresponding standard deviation (SD) for every 
treatment. The least significant difference (LSD) was carried out with a significance level of p 
< 0.05. 
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RESULTS 

Callus induction and mortality. The control culture medium without TDZ did not form a 
callus, and most of the explants died during the first four weeks of cultivation. TZD’s presence 
in cultivation media increases the chances to regenerate daylilies from scape pieces (Fig. 1.). 
Even the smallest concentration of TDZ resulted in callus induction. As well as decreasing 
shoot mortality rate by half (Fig. 1. B). Concentration 5-15 mg/l explants of tetraploid plants 
induced callus 1.5-1.6 times more frequently than diploid plants (Fig. 1. A). Tetraploids tend to 
have significantly lower mortality at 5-15 mg/l and higher concentrations.  

 

Note. Means (x̄ ±SD) followed by the same letters (a, b,..) are not significantly different (A – LSD 14,71; B – LSD 
14,33). 

Fig. 1. Callus induction frequency (A) and mortality rate (B) after four 
weeks in diploid (2n) and tetraploid (4n) daylily varieties using different 

TDZ concentrations.  

After 12 weeks since the start of the experiment frequency of callus induction appeared more 
similar. Explants of tetraploid plants form more callus than diploid only by 1.07 times (2n – 
37.28%; 4n – 39.81%). Diploid and tetraploid varieties showed more consistent results (Fig. 2). 
Different concentrations of TDZ in the tetraploid group showed an increase of callus induction, 
while diploids had minimal differentiation. The maximum callus induction rate was at the 
highest concentration of 15 mg/l – 48% (2n) and 62% (4n).  

 

Note. Means (x̄ ±SD) followed by the same letters (a, b,..) are not significantly different (LSD 18,77). 

Fig. 2. Callus induction frequency after 12 weeks in diploid (2n) and 
tetraploid (4n) daylily varieties using different TDZ concentrations. 
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The adventitious shoot formation. The highest number of regenerating shoots in diploids was 
observed in the highest concentration of 15 mg/l TDZ resulting average of 4 nodes per explant 
(Fig. 3. A). Diploids, on average, tend to form 2.56 shoots which are 1.14 times more than 
tetraploids (2.25). TDZ concentration increase regenerating shoot number more evenly in 
tetraploids than diploids. Tetraploids did not appear significantly different from concentrations 
5 to 15 mg/l. Shoot height decreases with higher concentrations of TDZ (Fig. 3. B). The highest 
shoots were formed in 1 mg/l of TDZ. The height of nodes in diploid and tetraploid varieties 
mostly depends on the growth regulator related to the number of shoots. 

 

Note. Means (x̄ ±SD) followed by the same letters (a, b,..) are not significantly different (A – LSD 0,65; B – LSD 
0,47). 

Fig. 3. Regenerated shoot number (A) and height of shoots (B) in diploid 
(2n) and tetraploid (4n) daylily varieties using different TDZ concentrations. 

CONCLUSIONS 

The degree of regenerating daylilies in vitro relies on ploidy level and the concentration of 
growth hormone. TDZ is vital in growing media as none of the control survived. Compared to 
diploids, tetraploids have higher callus induction frequency, lower mortality rate, and slightly 
higher regenerated shoots. Diploids tend to regenerate more adventitious shoots than 
tetraploids. 

Keywords: plant ploidy, growth-regulating thidiazuron, in vitro daylily regeneration, plant 
micropropagation, daylily ploidy. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Cellulose is the most important raw material for the production of paper, textiles, artificial fibers 
and films [1]. The main source of cellulose fibers is the wood of coniferous (pine, spruce) and 
hardwood (birch, aspen) species, which are widely distributed in Europe. The size and shape of 
polymer fibers have a significant impact on the properties of the cellulose pulp and derivatives. 
So, the length of the fiber is one of the significant factors that determine the strength of cellulose 
materials. Cellulose, with a longer fiber length, is used to produce higher quality materials such 
as viscose. Like any biological trait, the length of the cellulose fiber is controlled by the genetic 
apparatus of the plant cell [2]. Based on all of the above, the study of the heritability of the 
cellulose fiber length trait is relevant. This allows the selection of trees with certain hereditary 
properties to create specialized forest plantations. The goal of present work is SSR-assay of 
Scots pine clones with different lengths of tracheid cells (and, accordingly, the length of 
cellulose fibers) to identify molecular markers associated with this trait. 

METHODS 

In the present study, both microscopic analysis of wood and molecular genetic analysis were 
used. Wood samples were collected from Scotch pine trees (clones) growing on the 2nd 
generation forest seed orchard of Gomel forest enterprise and clone archive of the Korenevka 
forest research enterprise. The total number of studied trees (clones) was 138 pcs. Wood 
samples were taken using a Pressler drill (Haglof) with 5 mm collection tube diameter. 
Maceration of tissues was carried out in 10% HNO3 and 10% K2Cr2O7 (1:1) mix. The study 
protocol is detailed in the article [3]. Tracheid length was measured using a Leica Galen III 
microscope with a 10x4 ocular micrometer. The measurements were carried out using a 
Goryaev container. The measurement was carried out separately for early and latewood (from 
10 to 30 tracheids) and averaged. 

DNA was extracted from wood samples according to the CTAB-protocol [4]. PCR 
amplification ot 10 SSR markers (Pttx 4001, Pttx 4011, Pttx 3116, Psyl 2, Psyl 16, Psyl 17, Psyl 
18, Psyl 36, Psyl 42, Psyl 44) was performed according to the standard protocol [5]. 
Electrophoretic assay was performed using Applied Biosystems 3500 Genetic Analyzer. 

RESULTS 

Tracheid cell length varied between clones in the range 2.5-4.2 mm. There are three groups 
were identified: <3.0 mm (I ), 3.0-3.7 mm (II, numerous) and >3.7 mm (III). Only samples from 
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the first and third groups were analyzed by SSR-assay. An analysis of the frequencies of 
occurrence of allelic variants showed the absence of pronounced associations with the cell 
length parameter for most markers. The exception was for PtTx 4011, where the frequency of 
the allele 261 was 0.75 in the first group, and only 0.39 in the third group (Fig. 1). The level of 
observed heterozygosity for most loci was also similar between the groups. 

 

Fig. 1. Allelic frequencies in groups of Scotch pine trees differing in 
cellulose fiber length (SSR-marker PtTx 4011) 

At the same time, for the Psyl 42 marker, the Ho value in the first group was 0.60, in the third 
group - 0.48, for the Psyl 36 marker - 0.10 and 0.37, respectively. The correlation coefficient 
for the trait pair “individual heterozygosity of trees - length of tracheid cells” in the first group 
was 84%, in the third group - 36%.  

CONCLUSIONS 

SSR-assay showed that among the analyzed groups of trees, features of the genetic structure 
were revealed. Further research of the valuable traits diagnosis we are going to continued using 
an additional set of genetic markers. 

Keywords: Scots pine clones, SSR markers, length of the tracheid cells. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Climate change is increasing the level of the oceans on average about 2.6 mm per year. 
However, this increase reaches between 7.8 – 9.9 mm per year in coastal cities [1]. This is 
because two factors coexist in coastal cities: (1) the rise in sea level and flooding, and (2) the 
subsidence of cities motivated mainly by human factors, such as the extraction of water, fuel, 
or underground gas; the construction of barriers against river flood; mining activities and the 
overweight of cities due to buildings transmitting loads not supported by the terrain [2]. 

Fig. 1 shows the average sea level rise from 1993 to 2015, while Fig. 2 presents the population 
density around the world nowadays. Observing these Figures, it can be demonstrated that most 
of the population lives in coastal areas and the effects of rise sea level is therefore more 
noticeable in that areas. 

 

 
Fig. 1. World rise sea level per 

year from 1993 to 2015 
(obtained from [2]) 

 

Fig. 2. World's density population in 
2022 (Obtained from Wikimedia 

commons)               

According to the Flanders Institute, the 60 per cent of the World’s population already lives in 
coastal areas. Moreover, the 70 per cent of the coastal population lives south, south-east and 
east of Asia. As it is illustrated in Figure 1, the sinking cities problem affects the most populated 
areas. For this reason, it is vital to mitigate and anticipate this effect. As informed by other 
authors [1], if the effect is reduced to 5 mm per year, about 20-35 million people will not be 
exposed to this danger by 2050. 

It is becoming clear that the challenge of assessing sinking cities hazards will become more 
common in the future. New technological developments are therefore needed aiming the early 
detection of sinking phenomena, thus providing valuable information to plan preventive 
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maintenance. Within this context, this work proposes the combination of two complementary 
Non-Destructive Testing (NDT) techniques: Interferometric Synthetic Aperture Radar (InSAR) 
and Ground Penetrating Radar (GPR). 

METHODS 

The InSAR method uses microwaves emitted from satellites or Unmanned Aerial Vehicles 
(UAVs) to obtain images. After applying specific interferometric processing, Digital Elevation 
Models (DEMS) are obtained. Recent advances in the capabilities of this technique have been 
motivated many new applications (e.g., to obtain tendencies in urban areas [3]).  

To demonstrate the evolution of InSAR, and its usefulness in detecting subsidence in cities, 
Fig. 3 shows the annual evolution of scientific articles dealing with the analysis of urban areas 
from InSAR, while Figure 4 illustrates the World interest rate on InSAR technology in the last 
5 years. 

 

Fig. 3. Number of scientific articles 
relatives to InSAR in Urban Areas per 

year. Source: Scopus and Web of Science) 

 

Fig. 4. Comparative of interest in 
technology     InSAR around the World 

in the last 5 years (obtained from 
Groogle trends) 

The GPR method is a geophysical technique which uses electromagnetic waves to evaluate 
subsurface defects, such as subsidence in roads [6]. 

Furthermore, the combination of both radar techniques is gaining strength in recent years, as 
demonstrated in Fig. 5, showing the number of scientific papers dealing with the combination 
of both InSAR and GPR methods. 

 

Fig. 5. Annual evolution in number of articles published combining InSAR 
and GPR 

Some results showing the combination of both techniques will be included in the paper. 
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CONCLUSIONS 

This article highlights the danger posed by the effect of the coastal sinking cities. Likewise, a 
possible solution is proposed to detect early sinking phenomena, thus alerting the need for 
action and proving valuable information for decision-making and risk assessment. First, InSAR 
is proposed to identify critical areas at network scale. Next, GPR gives information about the 
condition state of the subsoil through on-site measurements.  

Keywords: NDT, InSAR, GPR, subsidence, climate change, sinking cities 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Living standards, development of industries and inefficient management of wastes, have led to 
an increase of environmental pollutants, especially heavy metals in wastewaters. Some heavy 
metals, even at low concentration can accumulate in human tissues after repeated exposure, e.g. 
arsenic, cadmium and lead [2,3]. The removal of heavy metals can be made in two ways, either 
by conventional methods or non-conventional methods. Bonton et al. [1] made a comparative 
Life Cycle Analysis of these ways and concluded that the conventional way could generate 
more environmental impact than the non-conventional one. A non-conventional way for heavy 
metals removal from wastewaters could be the use of microorganism. This method is considered 
less harmful for the environment and low cost [4]. 

METHODS 

Our study is based on the assessment of the environmental impacts associated with the 
biosorption of Cr (VI) and Cd (II) from aqueous solution at a concentration of 25 mg/L at 
laboratory scale by Trichoderma viride (T. viride) fungal biomass. The fungal biomass 
represented by T. viride was isolated from a forest soil from Iași, Romania, from a depth of 8-
10 cm. The Life Cycle Assessment system boundary consists in microorganism isolation, 
preparation of dead biomass and the biosorption of Cr (VI) and Cd (II) from aqueous solution 
followed by the treated wastewater and waste landfilling. The assessment of Cr (VI) and Cd 
(II) biosorption by T. viride, after following the four steps of Life Cycle Assessment (LCA) 
methodology: (i) goal definition and scope; (ii) inventory analysis; (iii) impact assessment with 
four sub-phases: classification, characterization, normalization, weighting; (iv) improvement 
assessment, gives us the ability to identify the impacts, in terms of energy, fuels, and emissions 
generated by each stage of the process. By identifying the environmental impacts within the 
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stages of the process we can improve it were necessary, for assuring the sustainability of the 
process in terms of environmental protection. The evaluation was assisted by a dedicated 
software, GaBi software, based on LCA methodology as indicated in the international standard 
ISO 14040. 

RESULTS 

The results of the assessment on the application of T. viride species for heavy metals removal 
from aqueous solution, indicate a negative environmental impact for the biosorption process of 
Cr (VI) ions from aqueous solutions, for all impact categories specific to the ReciPe16 method. 
The most significant value of the environmental impact determined by the use of non-viable 
fungal species, both in the case of removal of Cr (VI) and Cd (II) ions was obtained for the 
impact category ionizing radiation (IR) followed by climate change terrestrial ecosystems 
(CCTE) and climate change human health (CCHh) as shown in Fig. 1. 

  

Fig. 1. Environmental impact of biosorption of Cr (VI) (a) and Cd (II) (b) 
from aqueous solution inbatch system using fungal biomass of T. viride 

considering ReCiPe 2016 method 

CONCLUSIONS 

The LCA methodology can be successfully applied in biosorption studies to assess material 
flows and to identify options for minimizing waste and reducing pressure on natural resources. 
The application of the Life Cycle Assessment methodology allows us to identify the stages that 
generate a negative impact on the environment and thus we can implement measures to reduce 
them. As we observed in our study, the biosorption process itself puts pressure to the 
environment in terms of energy consumption for the most part, and less to the substances used 
in the process. 

Keywords: biosorption, heavy metals, impact categories, Life Cycle assessment 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Since the 1990s, European governments have been encouraging drivers to buy diesel vehicles 
rather than gasoline-powered ones. The reason for this was higher fuel efficiency and lower 
CO2 emissions, yet it emits higher levels of particulates including black carbon (BC) [1]. 
According to IPCC, black carbon (BC) is the only component of aerosol particles that has a 
positive effect on atmospheric radiative balance [2]. However, BC has an impact not only on 
atmospheric radiative balance, it also raises a threat to air quality and, thus human health. Due 
to the formation during combustion processes, BC aerosol particles are small (around 200 nm) 
with porous surface and exhibit strong absorbative characteristics. Even small amounts of 
absorbed volatile organic compounds (VOCs), polycyclic aromatic compounds (PACs) or 
heavy metals can impose a severe health risk such as pneumonia, DNA damage, oxidative stress 
[3]. Therefore, BC may not be the main hazardous constituent of aerosol particles but act as a 
potential carrier for other combustion-derived toxic materials. Currently there are no regulatory 
terms which control the levels of BC mass concentration in EU; however, it is crucial to identify 
the specific sources and develop mitigation strategies in order to improve air quality and 
minimize personal exposure to hazardous atmospheric pollutants.  

In our study BC source apportionment was performed using Aethalometer model which 
separates the sources into fossil fuel combustion and biomass burning. This model uses source-
specific absorption Angstrom exponent (AAE) values, however AAE depends on various site-
specific parameters, such as: common sources of pollution, fuels used. Thus, the determination 
of individual values of the AAE for the urban environment is important in order to perform a 
qualitative source apportionment and to assess the contribution of pollution sources. 

METHODS 

The measurements were deployed in Vilnius (urban background site) using an Aerosol 
Chemical Speciation Monitor (ACSM) (Aerodyne Research Inc., USA) and a 7-wavelength 
Aethalometer (Model AE31 Spectrum, manufactured by Optotek, Slovenia). In order to 
determine the quantitative contribution of fossil fuel combustion (BCtr) and biomass burning 
(BCwb), Aethalometer model was used and a combination of the most suitable Ångström 
absorption exponent (AAE) values was established. BC source apportionment is based on 
examining the differences in particle optical absorption of different wavelengths of light. This 
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source specific characteristic is defined by AAE which describes the wavelength variation in 
aerosol absorption. The aerosol absorption coefficient babs is defined as: 
 𝑏𝑎𝑏𝑠(𝜆) = 𝑏0𝜆

−𝐴𝐴𝐸 , (10) 

where λ, babs, b0 indicate wavelength, aerosol absorption coefficient and wavelength 
independent constant, respectively. Source apportioned BC mass concentration was calculated 
as follows using method presented by Sandradewi et al. [4]: 

 𝑏𝑎𝑏𝑠𝐵𝐶𝑡𝑟 = 
𝑏𝑎𝑏𝑠(𝜆1)−𝑏𝑎𝑏𝑠(𝜆2)∙(

𝜆1
𝜆2
)
−𝐴𝐴𝐸𝑤𝑏

(
𝜆1
𝜆2
)
−𝐴𝐴𝐸𝑡𝑟

−(
𝜆1
𝜆2
)
−𝐴𝐴𝐸𝑤𝑏

; (11) 

 𝑏𝑎𝑏𝑠 𝑡𝑜𝑡𝑎𝑙(𝜆) = 𝑏𝑎𝑏𝑠,𝐵𝐶𝑡𝑟(𝜆) + 𝑏𝑎𝑏𝑠𝐵𝐶𝑤𝑏(𝜆), (12) 

where babstotal is the total BC absorption at wavelength λ1. In this work λ1 was selected to be 
470 nm, while λ2 - 880 nm [5]. 

RESULTS 

BC source apportionment results showed increasing BCtr contribution over the period 2014 – 
2020 (51% in 2014, 61% in 2017, and 65% in 2020). To investigate the impact on the 
environment of transport related pollution, a quantitative characteristic – BC absorption 
coefficient was evaluated (Fig. 1). Over the course of the examined years a large increase was 
observed (3.6 times) in traffic related BCtr optical absorption. 

 

Fig. 1. Absorption coefficients of BCtr, BCwb, BrC as a function of 
wavelength for 2014, 2017 and 2020. 

This rises a great concern about atmospheric radiative balance as the energy absorbed by BC 
aerosol particles is kept in the atmosphere in the form of heat. For further statistical analysis, 
transport statistics were examined (Table 1). It was observed that over the period 2014-2020 
PC diesel category increased by 83.9%. From earlier studies it has been established that diesel 
vehicle exhaust emission contain more BC compared to petrol [6]. Thus, the transport related 
pollution increase can be attributed to the sharp increase in the number of diesel vehicles. 
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Table 1. Increase in the number of vehicles of different types in 2014, 2017, and 2020. PC – 
personal cars, LD – light duty vehicles, HD – heavy duty vehicles.  

 
Category Change 

2014/17, 

% 

Change 

2017/20, 

% 

Change 

2014/20, 

% 

Passenger Cars PC all 22.3 15.4 41.1 

PC petrol -18.1 13.4 -7.2 

PC diesel 57.1 17.0 83.9 

PC LPG -18.2 -5.2 -22.5 

Light Duty Vehicles LD all 28.4 19.8 53.9 

LD petrol -19.1 -15.8 -31.9 

LD diesel 32.6 21.7 61.4 

Heavy Duty Vehicles HD all 15.8 25.9 45.8 

HD petrol -16.5 0.2 -16.3 

HD diesel 17.3 26.8 48.7 

Buses -8.7 6.1 -3.2 

L-category Motorcycles 27.3 44.8 84.3 

ALL 22.1 16.8 42.6 

CONCLUSIONS 

The study provides a quantitative assessment of pollution associated with diesel vehicles and 
points out that from 2014 to 2020 with an increase in the number of diesel vehicles of as much 
as 83.9%, a 3.6-fold increase in BCtr optical absorption and changes in aerosol composition 
were observed. This significant increase in diesel vehicles-related pollution and light absorption 
raises a concern for local air quality. Regarding the negative impacts of BC on human health 
and the atmospheric radiative balance, the results of this study address air quality issues and 
seek possible measures to combat air pollution. 

Keywords: atmospheric pollutants, environmental chemistry, pollution sources, engine exhaust 
emission, aerosol particles. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Traffic and heating are the main sources of black carbon (BC) in urban areas [1]. In recent years 
renewable energy trend may lead to a redistribution of BC sources between fossil fuel and 
biomass burning by increasing contribution from biomass burning [2]. Determination of fuel 
properties and composition as well as combustion conditions is the essential prerequisite for 
reducing emissions from combustion and have impact on regional and global climate change, 
air quality, public health and ecosystems [3]. The increase in BC by 1 µg m-3 is at least eight 
times larger than the estimated effect of a 1 µg m-3 increase in particle matter (PM). WHO 
report from 2012 concluded that “reduction in exposure to PM2.5 containing BC and other 
combustion-related PM material for which BC is an indirect indicator should lead to a reduction 
in the health effects associated with PM”[4]. Lacking reliable information about technology 
and fuels used in household sector, inventories on BC emissions are subject to large uncertainty 
[5]. Thus, this work aims to evaluate BC emission levels for the most common biomass fuels 
(mixed wood pellets, oak, ash, birch and spruce firewood) and two types of agro-biomass 
(triticale and rape straw pellets) burned in modern and old heating systems. 
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METHODS 

Measurements were performed during July-October 2020 at an urban background station in 
Vilnius. Aerosol mass concentration measurements of individual biomass boilers were 
performed in the laboratory test facility. Gravimetric particle matter analysis method according 
to standard EN 13284 was used for assessment of BC mass concentration from individual 
boilers, burning solid biomass fuel. In this method, the PM collected in the filters are heated to 
various temperatures. As the heating temperature rises, volatiles are first removed from the 
collected sample, and at 550 C BC burns leaving only minerals. Changes in the mass of the 
sample during heating are evaluated by weighing to determine the concentration of BC in the 
combustion products. The biomass fuel was burned in three modes: (1) with increased excess 
air, (2) with air supply as defined in the heating system specifications, and (3) with increased 
air deficiency. The aethalometer (A Magee Scientific Company Aethalometer model AE31) 
provided continuous real-time measurements of BC mass concentration. 

RESULTS 

Analysis of BC source apportionment during the 4-month period showed that the contribution 
of BCFF to total BC concentration was higher compared to BCBB, reaching 54% (±50%) and 
46% (±40%), respectively. The mean BC mass concentration determined was 0.69 (±0.64) μg 
m− 3, which is comparable to the warm season in Lithuania. The studies on the combustion of 
solid biomass fuels in modern and old heating systems showed that BC emissions are 
significantly higher in old systems. Comparison of the fuels showed that BC emissions were 
highest when woody fuels were burned, and a certain, albeit weak, dependence on wood type 
was evident. The amounts of BC emissions per 1 kg of fuel burned measured during the research 
and the highest emissions to birch firewood (about 5.00 mg kg− 1 fuel), which is double or even 
higher compared to other firewood species Fig 1.  

 

Fig. 1. BC emissions per volume of fuel. The biomass fuel was burned in 
three modes: (1) with increased excess air, (2) with air supply as defined in 

the heating system specifications, and (3) with increased air deficiency.  
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CONCLUSIONS 

This study showed a significant contribution of transport (54%) and combustion of firewood 
and agro biomass to BC emissions during the warm season in the urban background 
environment from July to October 2020 and confirmed the need to improve the efficiency of 
reducing BC emissions from combustion of solid biomass. Replacing old boilers with modern 
ones and using fuels with lower black carbon emissions can help improve air quality by 
removing BC from the air.  

This work was carried out in the framework of the project “Investigation of aerosol black carbon 
emissions from biomass incineration units and deposition on tree foliage” (RTO Lithuania). 

Keywords: Black carbon, biomass fuels, agro-biomass, residential heating 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Anthropogenic pollution of regional, rural, and urban ecosystems is a constant issue in recent 
decades [1]. Based on newest research, persistent organic pollutants (POPs) are resistant to 
biological, chemical, and photolytic degradation. Because of this, they remain in the 
contaminated medium or travel long distances due to their semi-volatile properties [2]. They 
have toxic effects on both humans and various animal species [3]. Many POPs were widely 
used from the 1930s to the 1980s, when long-term toxicity was not well-studied. In response to 
growing global concerns, in 2001 a global treaty, The Stockholm Convention on Persistent 
Organic Pollutants [4], based on the United National Environmental Programme, was ratified 
by the international community, with the aim of eliminating or restricting the production and 
use of 12 of the most damaging POPs [5]. 

There can be many different forms of POPs, both natural and anthropogenic. POPs that are 
characterized by their persistence and bioaccumulation properties include many of the formerly 
used organochlorine-based insecticides such as dieldrin, dichloro-diphenyl-trichloroethane 
(DDT), toxaphene and chlordane and several industrial chemical products or by-products, 
including polychlorinated biphenyls (PCBs), dibenzo-p-dioxins (dioxins) and dibenzo-p-furans 
(furans). Many POPs are currently or have been used as pesticides, solvents, pharmaceuticals, 
and industrial chemicals [6]. Although some POPs occur naturally (e.g., from volcanoes), most 
are man-made [7]. POPs are a matter of concern because of their toxicity and tendency to 
accumulate in food chains [8]. 

Vegetation has been shown to be a globally important part in the removal and storage of the 
atmospheric POPs and their transfer to soil from falling litter. Vegetation is therefore an 
important reservoir for POPs [9]. Plants can absorb, transfer, and accumulate POPs in their 
tissues. The use of plants to restore contaminated soil and water has long been recognized as a 
cost-effective method. Plants usually act as pumping and filtering systems in the 
phytoremediation process as they absorb POPs in the rhizosphere [10]. The process varies 
depending on the physical and chemical properties of POPs and vegetation species as well as 
plant’s growth stage [11]. Specific POPs can also be separated from the atmosphere by 
deposition on the leaves or uptake through the stomata [10]. However, there are no fixed 
enzymes in the plants that can degrade or detoxify POPs [12]. 
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Bacteria found in plant species, but not obviously damaging their plant hosts are called 
endophytic. These endophytic bacteria can increase plant tolerance to pollutant stress and utilize 
contaminants e.g., POPs. Among the technologies being developed for this purpose, 
bioaugmentation, in which POP-degrading bacteria enter the contaminated site from an external 
site, is expected to be a safe and inexpensive in situ strategy. However, POP-degrading bacteria 
are rare in nature and have been extremely difficult to isolate and enrich [13].  

Phytoremediation is a promising way to clean soil and water contaminated with organic and 
inorganic contaminants [14-16]. However, the presence of organic pollutants, including POPs, 
in soil and water reduces plant growth and phytoremediation efficiency [17-19]. The combined 
use of plants and bacteria has recently been proposed to increase the efficiency of remediation 
of soil contaminated with POPs [20-22]. Plants provide space and nutrients to the bacteria. In 
exchange, rhizosphere, epiphytic and endophytic bacteria improve bioavailability and allow 
mineralization of organic pollutants.  

Tree species suitable for phytoremediation are selected based on their resistance to 
environmental stress, which is related to the overall viability of trees (photosynthetic and 
growth parameters, nitrogen balance index, antioxidant levels) and their ability to synthesize 
and mobilize secondary metabolites [23]. 

Hence, profiling plant’s growth patterns, secondary metabolism, photosynthesis, and 
antioxidant systems, may shine some light on the direct effect POPs can have on them. 
Furthermore, introducing potentially beneficial bacteria would then likely allow to ascertain the 
impact they can have on this POP-plant interaction, with hopefully advantageous results. There 
is not much research done on how POPs affect the secondary metabolism of plants, especially 
trees. 

Tree species representing the Betulaceae (birch, alder) and Salicaceae (poplar, willow) families 
were selected for this research because they can be used for the remediation of contaminated 
sites and substrates [24,25]. To ensure their effective application it is important to conduct 
studies not only to select POP-resistant tree genotypes, but also to assess POP interactions with 
tree’s growth and biochemical parameters. The possibility of beneficial symbiosis between tree 
genotypes selected for phytoremediation and POP-degrading microorganisms can potentially 
significantly increase the efficiency of environmental clean-up.  

The main objective of the study is to evaluate the suitability of trees belonging to the Betulaceae 

and Salicaceae families for the reduction of persistent organic pollutants in the environment 
using innovative biotechnological measures. It is important to discover tree genotypes that, with 
the help of bacteria, will be able to reduce the concentration of POPs in the environment.  

Keywords: Persistent organic pollutants, phytoremediation, Betullaceae, Silicaceae, bacteria, 
secondary metabolites. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

The high demand for nitrogen fertilizers is due to their having the element Nitrogen (N) which 
is most important for crops productivity. In addition, to meet the increasing food demand, the 
agricultural sector is bound to use even larger quantities of fertilizers [1]. Urea is the most 
commonly used N source due to its high concentration and relatively inexpensive. However, 
Urea is easily soluble in water and evaporates into the air so urea fertilizer is a low fertilizer 
efficiency [2]. Conventional methods also impair nitrogen use efficiency (NUE) by plants, 
limiting crop yields. Moreover, its contribution to environmental pollution in terms of 
hazardous gaseous emissions and water eutrophication [2]. Therefore, many technological 
interventions, especially those geared towards the use of different compounds based on 
ecological raw materials, to improve urea use efficiency as a main fertilizer of nitrogen and 
reduce the emissions to the environment [3]. One of the most common attempts to reduce 
nitrogen fertilizer losses by making it in a controlled or slow-release form which several 
methods and materials have been reported [3,4]. Thus, the release of nitrogen is controlled so 
that the amount of excess nitrogen in the form of nitrate that enters the water is reduced, thereby 
reducing water pollution [3-5]. To this end, it’s important to understand the difference between 
modified urea nitrogen fertilizers types and the benefits of using them. The two most common 
types are called “slow release nitrogen” (SRN) and “controlled release nitrogen” (CRN) [6]. 
These terms are frequently used interchangeably, but they should not be; they do not mean the 
same thing. While both release nitrogen at a slower rate than straight urea, the mechanism by 
which they do so is vastly different. At the most basic level, SRN and CRN sources are 
distinguished by a single defining characteristic: coated or uncoated. SRN does not use any type 
of coating to provide extended release nitrogen, whereas CRN is completely reliant on coatings 
to delay nitrogen release. These coatings are at the heart of the primary distinction between the 
two types of nitrogen. Many studies have shown that slow release or controlled release fertilizer 
(CRF or SRF) can improve nutrient use efficiency and reduce crop and environmental damage 
because it is Eco-friendly and pollutes the environment minimally [7-11]. 

Slow Release Nitrogen (SRN) 

Slow release nitrogen has been identified as a result of interactions with mineral or organic 
materials [6]. Initially, Sulphur was used in SRF production [12], but it was discontinued due 
to its burst effect, inconsistent results, and high cost due to the additional requirements of 
sealants, plasticizers, and binders [3,13]. Recently, eco-friendly biopolymers such as starch, 
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lignin, and cellulose were used as alternative materials for SRF implementation instead of 
synthetic polymers [14–16]. Hydroxypropyl methylcellulose (HPMC) is a white to slightly off-
white fibrous or granular free flowing powder with no odor or taste. It is made by modifying 
alkali cellulose from purified wood pulp by reacting it with methyl chloride and propylene oxide 
to obtain the methyl and hydroxyl ether groups, and it is widely used in food, drug, and dietary 
supplement industries [17]. It is an excellent polymer for fertilizer film coating [18]. Polyvinyl 
alcohol (PVA) has also been studied for use in fertilizer and since at high content, it can control 
the process release.  These polymers slowed down the release of diltiazem HCl from the 
matrices and could potentially be used for the controlled delivery process of the nutrients [19]. 

Controlled Release Nitrogen (CRN) 

Controlled release nitrogen differs fundamentally from SRN in both technology and mode of 
nitrogen release. CRN particles are completely encapsulated in organic resin or polymer 
coatings. These coatings are the secret to delaying the release of nitrogen in a CRN type. The 
use of controlled-release urea (CRU), for which several methods and materials have been 
reported, is an approach that improves Nitrogen use efficiency (NUE) and reduces 
environmental pollution [3,4]. One such technique for producing controlled release coated urea 
(CRCU) is the physical introduction of urea granules into an appropriate coating material [4]. 
The development of CRCU is an eco-friendly technology that not only reduces nitrogen loss 
due to volatilization and leaching but also changes the kinetics of nitrogen release, keeping the 
balance between the requirements of the plants and the nutrients stock at a rate that is more 
compatible with their metabolic needs [4,5,8]. The CRFs have been classified diversely 
according to the literature [20-23] as shown in Fig. 1. 

 

Fig. 1. Classification of controlled release fertilizers [4]. 
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Stabilized Nitrogen 

Stabilized nitrogen products, sometimes called “inhibitors,” are used to extend the time that 
nitrogen remains in the form of urea or ammonium in the soil, but they’re not the same as slow 
or controlled-release fertilizers [24]. After urea fertilizer application to soil, it must first be 
converted through two processes, the first of which is known as hydrolysis. The urease enzyme 
plays an important role in the breakdown of urea into ammonium, causing increases in the soil 
pH in the surrounding area of the granules and resulting in NH3 losses via volatilization that 
average 16% of N applied worldwide and can reach 40% or more in hot and humid conditions 
[25,26]. Stabilized nitrogen prevents this urease enzyme from working for several days [26]. 
Many such compounds act as urease inhibitors, but only N-(n-butyl) thiophosphoric triamide 
(NBPT) has been used globally, and it has been the most successful in a market that has grown 
at a rate of 16 percent per year over the last ten years. When compared to urea, NBPT-treated 
urea reduces NH3 loss by approximately 53%. Yield gain from NBPT application is in the order 
of 6.0 percent and ranges from 0.8 to 10.2 percent depending on crop species. Nitrification 
inhibitors typically increase NH3 volatilization and combining them with urease inhibitors 
partially negates the latter's benefits in reducing NH3 loss [26]. 

CONCLUSIONS    

Recently, urea modified fertilizers play a vital role in mineral nitrogen availability in the soil 
and decrease the nitrogen release rate to increase the use efficiency of fertilizer by crops. As 
well, a large number of studies have reported the positive effects of urea-slow or controlled 
release compounds on different crops yield. Moreover, still there are many studies to enhance 
understanding of the impact of these compounds to improve formulations and integrate them 
with agronomic practices capable of reducing losses and increasing NUE. 

Keywords: Modified Urea, Nitrogen Losses, Eco-friendly, Coating, Uncoating, Inhibitors 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Sustainability calls for increased levels of economic, social, and environmental wellbeing. 
Considering the national contexts, there are certainly differences in regard to their capacity of 
attaining sustainable development and its three main dimensions (for example, [1-5]). The first 
major aim of this paper was to compare the national levels of the two sub-dimensions of 
environmental wellbeing, i.e. Natural Resources and Climate & Energy, and their components 
between 2006 and 2020 in the post-communist economies. Secondly, putting Climate & 
Energy, with their major components, i.e., energy use, energy savings, greenhouse gases and 
renewable energy, in the centre of the analysis, as the major weaknesses of environmental 
wellbeing within the analysed group of countries, we observed the nature of the influence of 
human and economic wellbeing upon each of them.   

METHODS 

Our analysis was focused on sustainable development across the 19 post-communist economies 
(Bosnia-Herzegovina, Bulgaria, Croatia, Czech Republic, Estonia, Georgia, Germany, 
Hungary, Latvia, Lithuania, Macedonia, Moldavia, Montenegro, Poland, Romania, Slovenia, 
Serbia, Slovakia, and Ukraine), using data collected between 2006 and 2020 from the official 
website of the Sustainable Society Index. Table 1 details the components of economic, human 
and environmental wellbeing. 

mailto:simona.ulman@uaic.ro
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Table 1. Economic, human, and environmental wellbeing’s components (SSI) 
 

 

 

 

 

 

 

 

 

We structured our analysis in two parts. Firstly, we compared the average levels of Natural 
Resources and Climate & Energy components of Environmental Wellbeing in 2006-2020 
period. Secondly, starting from the main results obtained in this comparison analysis, we 
identified the most stringent environmental problems. In order to understand the influence of 
the human and economic components on the major weaknesses of the environmental dimension 
in this group of countries over the entire period, panel data-specific methods were applied 
(pooled, fixed and random effects).  

RESULTS 

The general results showed that (1) the components of the Environmental Wellbeing registered 
a different evolution among the Post-communist economies across the 2006–2020 period 
(Fig. 1); (2) there is still sufficient room for improvement in terms of environmental 
sustainability in the Post-communist economies, especially in the case of Climate & Energy 
components (Fig. 1); (3) these environmental components were closely linked to both 
components of economic and social dimensions (Table 2), and (4) the determinants of energy 
use, energy savings, greenhouse gases and renewable energy were found to be different in the 
Post-communist economies (Table 2 and Fig. 2). 
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Fig 1. Comparative analysis between average levels of Natural Resources 
and Climate & Energy components of Environmental Wellbeing in 2006-

2020 period  
 

Table 2. Relation between components of Climate & Energy from Environmental Wellbeing 
and components of Economic and Human Wellbeing 

 
Dependent variable 

Energy  
use 

Energy 
Savings 

Greenhouse 
Gases 

Renewable 
Energy 

Human 
wellbeing 

Basic  
Needs 

HW_SF -1.149 a 
(0.854) 

-1.433 
(1.482) 

-4.329*** 
(0.778) 

-2.502*** 
(0.413) 

HW_SD -2.163** 
(0.783) 

-1.668** 
(0.834) 

-3.087*** 
(0.786) 

-0.124 
(0.184) 

HW_SS -0.183*** 
(0.053) 

0.346** 
(0.167) 

-0.276*** 
(0.058) 

-0.047 
(0.050) 

Personal 
Development 

& Health 

HW_ED -0.103 
(0.144) 

-0.097 
(0.200) 

-0.415*** 
(0.183) 

0.203*** 
(0.071) 

HW_HL 2.114*** 
(0.224) 

-1.162* 
(0.697) 

-0.234 
(0.262) 

0.172 
(0.124) 

HW_GE -0.487 
(0.379) 

1.044 
(0.672) 

-0.091 
(0.420) 

0.621*** 
(0.176) 

Well-
balanced 
Society 

HW_ID -0.184*** 
(0.071) 

0.008 
(0.111) 

-0.186*** 
(0.084) 

0.049 
(0.032) 

HW_PG 0.533*** 
(0.130) 

-0.385 
(0.314) 

0.548*** 
(0.172) 

0.120 
(0.082) 

HW_GG -0.645** 
(0.243) 

-1.980*** 
(0.548) 

-1.354*** 
(0.289) 

-0.216 
(0.146) 

Eonomic 
wellbeing Transition 

EcW_OF -0.023 
(0.047) 

0.255*** 
(0.084) 

0.177*** 
(0.072) 

0.085*** 
(0.041) 

EcW_GS -0.053 
(0.084) 

0.067 
(0.128) 

-0.004 
(0.075) 

-0.091*** 
(0.032) 
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Economy 

EcW_GDP -0.183 
(0.250) 

1.147*** 
(0.427) 

0.519*** 
(0.217) 

0.010 
(0.083) 

EcW_EMP -0.183*** 
(0.066) 

-0.102 
(0.160) 

-0.184*** 
(0.080) 

-0.207*** 
(0.033) 

EcW_PD -0.044 
(0.052) 

-0.411*** 
(0.071) 

-0.217*** 
(0.062) 

0.018 
(0.016) 

 (Constant) 30.693*** 
(13.027) 

42.785*** 
(19.073) 

88.584*** 
(13.923) 

21.341*** 
(6.039) 

𝑅2 0.703 0.440 0.686 0.522 
Notes: a denotes the standard error specific to each coefficient from the PCSE regression models. ***, **, * denote 
the statistical significance at 1%, 5% and 10% level. Source: SSI database, computed in STATA v.13 

 

 
Fig. 2. Snapshot of panel analysis results 

Although different components of human and economic dimensions of sustainability seemed 
to still exercise a negative influence on the most vulnerable sectors of environmental wellbeing, 
the Greenhouse Gases seemed to be the most affected, with determinants like sufficiency in 
food and drinkable water, safe sanitation, education, good governance, employment, and public 
debt (Fig. 2).   

CONCLUSIONS 

This study draws attention to the fact that the patterns of development applied in the group of 
the Post-communist economies seem to strengthen the sustainable goals, but not sufficient for 
exceeding the traditional growth-oriented model. Accordingly, focusing on the environment 
and its main weaknesses as being observed in this study, it was shown that Climate & Energy 
sub-dimension and its components still registered low levels compared to the Natural Resources 
ones among the Post-communist economies, as well as that the economic and social 
components still negatively influenced environmental wellbeing in the analysed context. 

Keywords: environmental performance; natural resources; climate & energy; human and 
economic wellbeing; Post-communist economies; panel data models 
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ABSTRACT 

In riverside municipal areas, the main cause of change in groundwater flow is the 
growing number of buildings, with underground structures reaching the aquifer. A 
good example for this is the Lágymányos pilot area in Budapest, Hungary, where the 
groundwater levels are also highly influenced by the river Danube. Over the area a 
series of piezometer wells are set to observe groundwater levels measured monthly 
manually. The aim of this research is to examine the effects of new buildings on the 
well levels with determining linear regression equations for the last 18 years. The 
research shows that using homogeneous data series is essential, when predictions are 
made from data series. Linear regression and its correlation factor proved to be a good 
indicator to show the change in the relations, as their difference means how strong or 
weak the connection between the independent variables is. A huge difference between 
the groundwater level calculated with the river and the groundwater level calculated 
with a chosen further well means that the examined intervention weakened the relation 
of the chosen well and the river. Using inhomogeneous data series are not suitable for 
predicting the groundwater levels. The research also shows examples when the 
construction has less impact on a relation if there are already other obstructive 
buildings 

Keywords: groundwater levels, linear regression, municipal area, underground structures 
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INTRODUCTION 

Groundwater plays a significant role in our whole life – in industry, in agriculture and within 
domestic settings. When interfering with aquifers, the quantity and quality of groundwater can 
change. Our job is to assist the decision-making processes, as well as to estimate the effects of 
these decisions as accurately as possible. Modelling the groundwater flow is a great way to 
identify effects of pollution transport too [1]. In riverside municipal areas, the main cause of 
change in groundwater flow is the growing number of buildings, with underground structures 
reaching the aquifer. 

Modelling the groundwater regime is a specialised task when surface water is nearby. 
Researchers work on providing a comprehensive and logical approach for identifying, 
understanding, and evaluating the key factors and the processes controlling groundwater-
surface water interactions and understanding their relationship with environmental problems 
[2]. The unknown effects of this relationship can also be dangerous to humans – such as 
groundwater-related threats that occur during floods, as these may include concentrated leakage 
of groundwater behind levees, heave, or even potential uplift of the topsoil layer at the protected 
areas [3].  

With growing demands on water resources and increasing uncertainties in water supply 
associated with climate changes, the awareness, that groundwater and surface water need to be 
managed together as a single resource greatly increased. Characterizing, quantifying and 
modelling groundwater–surface water interactions, as well as outlining new methods and 
models to improve our understanding of processes and dynamics at the groundwater–surface 
water interface are new scientific challenges [4] [5]. 

A good example for an urban area where groundwater is heavily impacted by a river is the 
Lágymányos pilot area in Budapest, Hungary. A series of piezometer wells are set to observe 
groundwater levels in the area. At present, two of them are equipped with continuous recorder, 
while others are measured occasionally manually. Their daily data series are reconstructed with 
using multiple correlation [6]. 

The aim of this research is to examine the effects of new buildings on the well levels using 
linear regression equations set for the last 18 years.  

Pilot Area 

The pilot area is partly formed on the filled-up riverbed [7] [8]. The filling of this area is a 
mixed material, with the main component being slag from a nearby power station [9].  
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Fig. 1. Wells in the pilot area 

This slag contains some heavy metal in such quantities that could exceed health limit. To control 
the washout of these dangerous materials, the environmental authority ordered the setting up 
and operation of several monitoring wells for a certain period. Thus, seven wells were set up in 
the area as shown on Fig. 1. Since then, the well TVF was abandoned, but the other six are still 
in operation. Though they are originally for water quality control, the levels were also recorded 
from 2004 [10]. The water quality observations stopped after the period required by authority, 
but the groundwater level measurements continued and have been ongoing for more than 20 
years [11]. 

METHODOLOGY 

The two piezometer wells equipped with continuous recorders are situated within different 
surroundings. One of the wells (ELTE-1) is located between a set of buildings from an earlier 
time. The other well (GWM-31) is a bit further away, with recently constructed buildings 
nearby. The other wells are measured occasionally with the use of a manual water level meter. 
The daily data series of these wells are reconstructed with using multiple correlation [12] 
involving the levels of the river, and the levels measured by one of the continuously recorded 
piezometers [13]. 

Specific time periods of the years examined were selected based on significant interventions, 
such as new constructions and floods [14]. These data sets are considered homogeneous. The 
specific time periods were divided into shorter, equal subperiods, as the duration of the 
originally selected specific time periods were not equal. The creation of these equal subperiods 
made uniformed calculations possible. The results for all the subperiods were averaged within 
a time period, and then were compared. 

During the calculations for each time period, the linear regression equations and the correlation 
factors were computed between the wells and the Danube, then between the wells and the 
GWM-31, and lastly between the wells and the ELTE-1. The root-mean-square errors (RMSE) 
[15] were also computed for each time period, between the groundwater levels calculated from 
the linear regressions with the wells and the Danube, GWM-31 and ELTE-1. 

To further analyse the relationships within each period, we carried out a series of estimations – 
the groundwater levels were estimated for the year 2021, using all the linear regression 
equations. It is a common problem when working with groundwater data, that data is only 
available from an earlier and older time period, and that we need to take current circumstances 
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into consideration. Our series of estimations demonstrated this, showing the differences, 
similarities and gradual changes occurring in the results of these equations, using data with 
different characteristics from these time periods. 

Time Periods 

Regular groundwater measurements began in February 2004 and have continued to date. 
Numerous large-scale interventions took place during these past 18 years. Time periods were 
determined by new constructions and 3rd flood warning level (the highest floods in Hungary) 
[14]. Foundation levels were provided by the XI. district local authority. Data sets were 
considered homogeneous within each period. Seven time periods were created, which are as 
follows: 

 1 period: Initial condition, up until the flood in 2006. (Fig.2.).The IBM building, 
the north and south blocks of Eötvös Loránd University, the I block of BME, and 
the I, B, G, C, D buildings of Infopark have already been built.  

 2 period: Following the flood in 2006 and before further construction began. No 
major constructions or investments took place during this period. 

 3 period: Start of further constructions, up until the flood in 2010. (Fig.3.) 

Major development began in 2007 with the starting of the construction of Infopark E building. 
The building includes a three-storey underground garage, with foundation level of 86,50 
MASL. This was followed by the constructions of BME Q and MTA TTK Q2 buildings. Both 
buildings have two underground levels, and their foundation level is set at 90 MASL. 

 

Fig.2. Pilot area in October 2005, with 
the initially built buildings 

 

Fig.3. Pilot area in September 2009 
(Orange buildings were built in the 3. 

period) 

 4 period: After the flood in 2010 until the flood in 2013. No major constructions or 
investments took place during this period. 
 5 period: After the flood in 2013 until the start of new riverside construction. No 
major constructions or investments took place during this period. 
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Fig.4. Pilot area in April 2018 (Blue 
building is Ericson headquarters built in 

the 6. period) 

 

Fig.5. Pilot area in October 2020 (Purple 
building is Evosoft headquarters built in 

the 7. period) 

 6 period: Construction of the Ericson headquarters (Fig.4.) 

Construction begun on the Ericson headquarters. This has a four-storey underground garage, 
and at its deepest point it is 21 meters below the ground. Its foundation level is estimated at 
83,70 MASL. 

 7 period: Construction of the Evosoft headquarters until 2021. (Fig. 5.) 

The newest building is located south to the Ericson headquarters. It also has a four-storey 
underground garage. Its foundation level is set at 83,70 MASL. 

The amount of data for these above seven time periods were different due to the different 
duration lengths of the time periods. The approximate monthly data series were divided into 
shorter, equal subperiods, each containing 8-10 data, and the calculations were performed 
uniformly. The results of the subperiods were averaged within a time period, and then 
compared. 

Shading Effect 

As the number of buildings had grown in time, the amount of groundwater flow directions 
without any obstacles decreased. This process is shown on Fig. 6-9.[16] 



776 
 

 

Fig.6. Shading effect at well 
GWM-21 

 

Fig.7. Shading effect at well 
ELTE-1 

Legend: 

 

 

Fig.8. Shading effect at well 
GWM-11 

 

Fig.9. Shading effect at well 
GWM-21 

 

According to these figures, the impact of a new building on an existing relationship can be 
limited, if other obstacles already influence the relationship. 

RESULTS 

Correlation Factors 

The correlation factors with the GWM-31 are high for the three wells farthest from the river 
(shown in Fig 10.), but these decrease for the two riverside wells. These factors were between 
0.70-0.80 during the first five periods, but after the effect of the two additional riverside 
constructions, they reached a lower value. Fitting a linear trend line to the correlation factors 
makes the declining relation between the two riverside wells, and the GWM-31 as well as the 
rest of the inside area, more visible. The rest of the wells in the inward area react very similarly 
to the events. 
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Fig. 10. Correlation factors with GWM-31 

Fig. 11. shows that the relation between the Danube and the riverside wells are strong and 
constant, but the correlation factors for the other wells decrease rapidly, showing the strong 
effect of the new buildings. 

 

Fig. 11. Correlation factors with the Danube 

ELTE-1 has similar correlation factors (Fig. 12.) as GWM-31, but the values are higher for the 
riverside wells, as ELTE-1 still has a stronger relation with the river, in contrast to GWM-31. 
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Fig. 12. Correlation factors with ELTE-1 

 Difference Between The Linear Correlations 

The RMSE errors between the groundwater computed with ELTE-1, GWM-31, and with the 
Danube are shown in Fig. 13.  

The calculated groundwater levels differ when the linear regressions use other independent 
variables. Their difference shows how strong or weak the connection between the independent 
variables is. A great difference between the groundwater level calculated with the river and the 
groundwater level calculated with a chosen further well means, that the examined intervention 
weakened the relation of the chosen well and the river. [11] 

The largest error shows at the riverside wells. The outstanding value in the 7. period is affected 
by the record lowest water level and by a new riverside building, which greatly weakened the 
relation of the inward and riverbank areas. It explains that computations are more inaccurate 
for ELTE-2 and ELTE-3 with ELTE-1 and GWM-31. 

 

Fig. 13. RMSE errors [m] between the groundwater levels computed from 
different linear regressions for each well 
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Change In Estimation 

The next step to analyse the change in the relationships was testing it on new data. We made 
several estimation series using each linear regression equation obtained from the data of their 
own time period and made computations with data from 2021. This way, we made estimations 
for the present day from previously valid relationships. The difference between measured data 
and estimations shows quantitatively the impact of underground structures. The riverside wells 
were not included in this analysis, as the Danube has significantly more effect on them as 
anything else. 

When analysing the change in RMSE-values at the well GWM-11 (Fig.14), it shows that the 
relationship obtained after the flood of 2006 (2. period), and after the construction of the Ericson 
headquarters (6. period) is the least valid for the present day. When comparing with the others 
(Fig.16-17), the equation from the 2. period estimates higher water levels than the other ones, 
showing that the groundwater would be higher there, if the constructions after 2006 would have 
stopped, as three new building had been built near GWM-11 since then. This effect is most 
significant when the water level is low, smaller than 97,50 MASL. The effect of the Evosoft 
headquarters is more prominent when the water level is higher than 97,50 MASL. It predicts 
lower water levels, meaning that the construction had great impact on this area, possibly 
because of groundwater pumping. If the pumping would have continued, the groundwater 
would be even lower than the present level. During the construction of the Evosoft headquarters, 
the groundwater had changed its direction of flow because of the previous building, so its effect 
was more subtle. 

At the well GWM-21, the change in RMSE-values is smaller (Fig.15), the only bigger 
difference is with the equation from the 7. period with ELTE-1. This well was already in 
between buildings, but the new obstacle in the groundwater flow had an impact on this well, as 
well as on the well ELTE-1. It should be noted that the change of RMSE values shows relation 
to the interventions for both wells. When comparing to the other estimations (Fig. 18-19), this 
difference is negligible. This comparison shows, that this well, which is in between buildings, 
has only a little change in its behaviour when the further away circumstances change. The 
reason for this is that its relation to the environment is already enormously affected by the 
existing buildings. 
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Fig. 14. RMSE values of each equation 
for 2021 at well GWM-11 

Fig. 15. RMSE values of each equation for 
2021 at well GWM-21 

 

Fig.16. Estimated water levels of 
GWM-11 with GWM-31 

 

Fig.17. Estimated water levels 
of GWM-11 with ELTE-1 

Legend: 

 

 

Fig.18. Estimated water levels of 
GWM-21 with GWM-31 

 

Fig.19. Estimated water levels 
of GWM-21 with ELTE-1 

 

CONCLUSIONS 

As this research shows, when discussing and comparing long data series, it is essential that the 
calculations are used on homogeneous data series. This is attainable with defining shorter time 
periods based on interventions (constructions or high flood). Using linear regression is a good 
method to show the change in the relations affected by these events. The calculated groundwater 
levels differ when the linear regressions use other independent variables. Their difference 
shows how strong or weak the connection between the independent variables is. An extensive 
difference between the groundwater level calculated with the river, and the groundwater level 
calculated with a chosen further well means, that the examined intervention weakened the 
relation of the chosen well and the river. Using linear regression equations on the present data 
showed the importance of using homogeneous data series, because it was not suitable for 
predicting the measured groundwater levels. The construction has less impact on this relation 
if there are other obstructive buildings already influencing this relationship. 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Air pollution is one of the most serious problems in Europe [1]. According to the United 
Nations, more than 55% of the world’s population lives in urban areas, and by 2050 expected 
to increase to 68% [2]. Urban air pollution is a major environmental problem as it affects the 
health of ecosystems, crops, climate change, human health, and well-being [3; 4]. Urban air 
pollution can be divided into two component groups: gaseous components and particulate 
matter. Gaseous compounds include nitrogen dioxide (NO2), carbon monoxide (CO), ground-
level (tropospheric) ozone (O3), and volatile organic compounds (VOCs). Particulate matter is 
divided into those with an aerodynamic diameter less than 10 μm (PM10) and 2.5 μm (PM2.5) 
[3; 5]. These air pollutants may cause the incidence of respiratory, cardiovascular disease, also 
increase the risk of premature mortality [6; 7]. 

Biomonitoring refers to the observation and assessment of the condition and ongoing changes 
in ecosystems, biodiversity, and the landscape, including natural habitats, populations, and 
species [8]. Tropospheric O3 is a strong oxidant that, at elevated concentrations, can negatively 
affect physiological functions, phenology, carbon allocation and growth of plants. Tropospheric 
O3 formation occurs when carbon monoxide (CO), volatile organic compounds (VOCs) and 
nitrogen oxides (NOx) react in presence of sunlight in the atmosphere [9]. Tropospheric O3, 
one of the main air pollutants, which causes visible damages to the leaves of vascular plants, 
and this is related even to relatively low concentrations of O3 [10].   

The growth and development of urban trees and green spaces have an impact on the stability of 
ecosystems [11]. Urban forests, trees and green infrastructure remove particulate matter (PM) 
and pollutants from the air and subsidize to improving human well-being and health [12]. For 
this reason, it is important not only to identify air pollution but also to contribute to the potential 
reduction of air pollution. Scientists aim to improve air pollution absorption by selecting the 
most suitable tree species and trying to adapt alternatives as green roofs and green walls in areas 
with a small amount of green spaces [13; 14]. The mentioned solutions are an additional 
opportunity to increase urban air pollution abatement rates due to the lower efficiencies 
compared to new trees planted, but still, it remains a less efficient alternative [14]. 

To reduce air pollution in  urban areas, city planners need a suitable selection of plant species. 
The aim of this study is to overview the possibilities of biomonitoring of air pollution in  urban 
areas in the context of climate change. More specifically, the selection of woody plants-
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bioindicators, as the most suitable for the determination of the air pollutants (PM2.5, PM10, NO2, 
O3, and SO2) in urban areas will be analyzed. Tree species that can effectively decrease air 
pollutants in urban areas to reduce air pollution will be overviewed. 

In order to classify urban trees according to their effectiveness in improving urban air quality, 
a species-specific air quality index (S-AQI) was calculated [15]. This index evaluates the 
deposition of pollutants on the foliage of woody plants (PM, NO2, O3), plant pollutant emissions 
(as an allergen) and the concentration of volatile organic compounds (VOCs) in the plant 
(diseases, pests, drought, ground-level ozone-induced foliage damage). The species-specific 
assessment of the air quality index on a 10-point scale. If score from 1 to 4 points is not 
recommended to plant this species plants, 8-10 points indicate that the species is recommended 
for urban landscaping programs. 

It is important to identify and map the dominant tree species in urban areas to quantify the 
associated environmental benefits to assist city planners in ensuring that green spaces are used 
properly. The most common woody plant species in Kaunas, Lithuania was identified and 
evaluated their S-AQI (indices rounded): Norway maple (Acer platanoides L.) – 9 points; 
common hawthorn (Crataegus monogyna Jacq.) – 9 points; European larch (Larix decidua 
Mill.) – 8-9 points; European ash (Fraxinus excelsior L.) – 7 points; lime tree (Tilia sp. L.) – 7 
points; pine (Pinus sp. L.) – 6 points; european white birch (Betula pendula Roth.) – 5 points; 
horse chestnut (Aesculus hippocastanum L.) – 5 points; oak (Quercus sp. L.) – 4 points; poplar 
tree (Populus sp. L.) – 4 points; black locust (Robinia pseudoacacia L.) – 4 points; willow 
(Salix sp. L.) – 3 points and spruce (Picea sp. Dietr.) – S-AQI has not been assessed, but 
according to previous studies, this species is not highly valued in urban greenery. One reason 
is that deciduous trees are able to remove more pollutants from the air due to the ability of larger 
leaf suction tips. 

Summarizing the distribution of S-AQI index points among the currently most popular tree 
species in Kaunas, Lithuania we see that the best for the city's greenery are three tree species – 
Acer platanoides, Crataegus monogyna and Larix decidua. This study can help urban 
landscaping planners select the most effective tree species that reduce air pollution. 

Keywords: ozone pollution, tree species, bioindicators, urban areas 
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EXTENDED ABSTRACT 
 
 

OVERVIEW 

Climate change is having a negative impact on ecosystems and threatening humanity. To 
mitigate this effect, many countries in the world have the United Nations Framework 
Convention on Climate Change In the process of implementing the Convention, they are 
committed to reducing greenhouse gases emissions and/or increase absorption. In implementing 
the Paris Agreement on Climate Change, each party to the agreement chooses national climate 
change mitigation measure in individual sectors. The forestry sector, including timber products, 
makes a significant contribution to climate change mitigation. Forests absorb carbon dioxide 
from the atmosphere and store it carbon in biomass, soil, and some deforestation can be 
conserved after deforestation in wood products. Increasing carbon stocks in wood products is 
United Nations recognized tool for climate change mitigation. The Intergovernmental Panel on 
Climate Change is developing guidelines that set out the differences carbon accounting methods 
for wood products. Depending on the available data on wood products, Member States may 
choose the method. Wood flow analysis is consistent the highest carbon accounting method, 
where annual carbon receipts are accounted for, using country-specific data. The main purpose 
of this work is to analyze the industrial wood flows in Lithuania and to determine carbon stocks 
and their quantitative changes in wood products. The results of this work can be used not only 
for carbon accounting of wood products. Wood flow analysis can be useful in analyzing wood 
processing sector in Lithuania and in making decisions on the use of wood. It is recommended 
that such analyzes in Lithuania would be performed periodically. From the collected primary 
data, we can see that a significant part of wood in Lithuania is used as sawn timber, which 
allows coal to be locked for up to 35 years. However, at this point, we can significantly increase 
the consumption of sawn logs in the construction sector by replacing iron and concrete 
structures, thus locking up even more carbon in wood. 

 METHODS 

1. Tasks under which the methodology is developed. 

1.1. To identify the main buyers of raw wood and to find out the quantities of wood 
purchased, exported and imported in Lithuania, as well as the assortment structure in 
2017 period. 
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To implement this task, data was collected on the buyers of raw timber sold and the quantities 
purchased by them from the State Forest Enterprise and the BALTPOOL timber exchange in 
2017-2020. After receiving the data on the buyers, they were be surveyed - how many and what 
assortment structure of raw wood or wood products semi-finished products were used in the 
production process. In total, more than 100 companies was surveyed. An analysis of the data 
obtained will be performed later. 

1.2.To To perform the analysis of wood flow, determining the use of raw wood for the 
production of primary HWP and to analyze the changes in individual primary HWP, their 
sales in Lithuania and exports 

To implement this task, a survey was prepared and sent to Lithuanian wood product producers 
/ processors and exporters to find out the use of wood in primary production processes and their 
sale in the local market, as well as exports. Manufacturers of wood products will also be asked 
to indicate the shelf life of their products, taking into account the technical characteristics of 
the products. 

RESULTS 

Analysis Of Exported Wood 

Preliminary analysis of exported timber revealed that in 2017. 1899 thousand tons were 
exported from Lithuania m3 of raw wood. Most of the pulpwood were exported – 912 thousandS 
m3, 684 thousand tons of sawn logs were exported. m3, plywood – 167 thousand. m3 and 
firewood – 136 thousand. m3. Most of the raw wood was exported to Latvia, Poland and Sweden 
(Table 7). 

Table 1. Quantities of exported timber by ranges and importing countries. 

Assortment / 
Importing 
country 

Latvia Poland Sweden Germany Finland China Other* 

Saw logs 439 87 59 67 - 18 14 

Pulpwood 260 232 293 - 115 - 12 

Panel wood 117 50 - - - - - 

Firewood 82 54 - - - - - 

Total  898 423 352 67 115 18 26 
* Insignificant quantities of timber exported to other countries are classified as "Other". 

CONCLUSIONS 

The results of this work can be used not only for carbon accounting in wood products. Wood 
flow analysis can be useful in analyzing the wood processing sector in Lithuania and in making 
decisions on wood use.  

It is recommended that such analyzes be performed periodically in Lithuania, as this would 
enable the analysis of wood use trends and carbon accounting in wood products, applying the 
top-tier method. 

Evaluating the essential and other results of the research, it can be concluded that:  
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The analysis of wood flow in Lithuania revealed the flows of industrial wood use for the 
production of primary wood products. This analysis is in line with the tier three carbon 
accounting approach set out in the IPCC guidelines, where annual carbon revenues are 
accounted for using country-specific data. 

Keywords: harvesting wood product, climate change, forest, carbon absorbing, carbon cycle, 
bioeconomy 
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EXTENDED ABSTRACT 
 
 

OVERVIEW  

In Europe, Scots pine (Pinus sylvestris L.) is one of the most important tree species, with forests 
covering more than 28 million hectares, representing more than 20 percent of the productive 
forest area [1]. According to a report by the Intergovernmental Panel on Climate Change 
(IPCC), extreme droughts caused by climate change are expected to have a severe impact on P. 

sylvestris stands, reducing their viability and increasing their susceptibility to pests [2–6].  

It is well known that beneficial plant-associated microorganisms may stimulate plant growth 
and enhance resistance to disease and abiotic stresses [7]. This now makes it possible to test 
whether some general patterns occur and whether different groups of plant-associated 
microorganisms respond differently or in the same way to climate change [8]. 

Fungi are  important parts of the plant microbiome [12], the formation of which is highly 
dependent on climatic factors [9–12]. Climate change–associated disturbances can significantly 
alter microbial communities and functional profiles [13]. To investigate the possible effects of 
climate change on changes in fungal communities, a gradient of latitude diversity is suggested 
as it reflects the corresponding climate change as well as changes in temperature and 
precipitation along the gradient [14].  

mailto:lammc@lammc.lt
mailto:audrius.menkis@slu.se
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The overall objective of the study was to determine: i) which of the factors studied have the 
greatest influence on fungal communities associated with Scots pine tissue and rhizosphere soil 
ii) how the diversity of fungal communities associated with Scots pine varies with the climate 
gradient; iii) what impact climate change may have on the diversity of the Scots pine fungi 
community in the future. We hypothesized that the fungal community associated with P. 

sylvestris will qualitatively and quantitatively respond to changes in latitude, and therefore be 
differently affected by climate change. 

METHODS  

Sampling of needles, shoots, roots, and soil was carried out during April – August 2019, in 12 
forests research plots growing in the different environmental conditions in Slovakia, Poland, 
Lithuania, Latvia, Estonia and Finland (Table 1). In each research plot the health status, the 
damage category, the nature of the damage, visual assessment of tree crown defoliation, 
dechromation and dry branch content in the crown of 30 trees per plot were determined. The 
chemical composition of the soil was also determined, and meteorological data were collected 
from the nearest meteorological stations (Table 2).  

DNA was isolated individually from each type of sample, a DNA fragment of the ITS2 rRNA 
gene region of each sample was amplified and subjected to high-throughput sequencing [15]. 
All climatic data were obtained from WorldClim database (version 2.0, 
http://worldclim.org/version2). For data analysis Bioclimatic variable set, with resolution 10 
minutes was used. To predict the movement of communities, the future climate data used 
downscaled on COUPLED MODEL INTERCOMPARISON PROJECT PHASE 6 (CMIP6) 
climate projections. using Beijing Climate Center climate system model version 2 (BCC-
CSM2-MR) global climate models (GCM) with the Shared Socio-economic Pathways 1-2.6 for 
the 2021-2040, 2041-2060, 2061- 2080 and 2081-2100 time period with the same bioclimatic 
variables. All statistical analyses were performed in R version 4.1.2 [16].  

Table 1. Qualitative and quantitative indicators of fungal diversity in the studied areas 

Plot 
code 

 

Country  
 latitude longitud

e 

No.of  
fungal 
Sequenc
es 

No. of 
Fungal 
Taxa 

Shannon 
Diversity 
Index 

1 Slovakia 49.12828 21.52911 7810 275 4.19 

2 Poland 51.14677 22.51708 10309 275 3.65 

3 Poland 52.76811 23.07772 8207 307 3.65 

4 Lithuani
a 54.42106 24.95953 5788 192 4.15 

5 Lithuani
a 56.05342 23.67956 13017 264 4.39 

6 Latvia 57.57453 24.43836 5462 245 4.38 

7 Estonia 59.12831 24.38680 7202 293 3.84 

http://worldclim.org/version2
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FUNGuild v1.0 was used to identify the functional groups (guilds) of fungal communities. All 
OTUs that do not match the FUNGuild taxon database have been classified as “unassigned” 
[17]. 

Table 2. Health stands parameters and chemical soil conditions in Scots Pine research plots 

1 – Mean tree age;2 – Defoliation; 3 – Dechromation;4 – Dry Branches;5 – Category of tree damage 

RESULTS 

The comprehensiveness of sampling was represented by the Good’s coverage estimator 
(>99%), and more of the rarefaction curves that tend to reach the saturation indicating most of 
the fungal diversity in the tissues and soil samples. A total of 1749 fungal OUT’s (operational 
taxonomic unit) clusters at 97% similarity were observed in all research plots for Pinus 

sylvestris (Table 2).  

Biodiversity indicators for pine do not change in the latitudinal gradient. on the Redundancy 
analysis (RDA), show that from all factor main connection to changing of fungi diversity and 
composition were: phosphorus and calcium concentration in the soil, Mean Diurnal Range 
(max. temperature per month – min. temperature per month)), Mean Temperature of Wettest 

8 Finland 60.86994 25.53239 7516 178 2.27 

9 Finland 62.88581 25.82095 5623 297 4.30 

10 Finland 64.71347 25.58140 7037 297 4.34 

11 Finland 66.37568 26.21304 8389 229 3.78 

12 Finland 67.80227 26.78214 10426 242 4.03 

Plot 
code MTA1 Df 2 Dch 3 DB 4 

CDT 
5 

pH1 
mol/1 
KCl  

P2O5 

mg/kg 
K2O 
mg/kg 

Ca  
mg/kg 

Mg  
mg/kg 

Cl  
mg/kg 

NaCl 
ms/cm 

1 80 20.50 7.00 16.17 1.57 3.9 10 221 1118 244 5.3 4.65 

2 70 21.17 6.67 17.67 1.70 3.6 13 72 553 98 3.6 2.73 

3 50 28.67 8.17 16.83 2.30 4.1 95 26 93 39 3.6 2.2 

4 65 16.17 6.17 16.00 1.63 3.9 10 51 208 41 3.6 3.02 

5 70 43.67 30.33 36.17 2.83 4.3 38 48 323 66 3.6 3.88 

6 90 20.00 5.00 19.00 1.57 3.6 47 41 402 96 5.3 2.3 

7 70 17.67 2.17 15.17 1.70 4.9 13 70 971 134 3.6 3.38 

8 60 40.83 9.00 28.17 2.30 3.8 19 54 154 41 5.3 2.87 

9 70 43.50 9.67 25.50 2.47 4.1 134 28 219 53 3.6 2.76 

10 60 15.83 16.00 15.00 1.77 3.5 13 32 168 39 5.3 1.99 

11 80 18.00 2.00 13.67 1.63 3.9 25 28 171 43 3.6 2.17 

12 60 29.67 8.67 27.67 2.00 3.5 36 79 258 64 3.6 2.84 
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Quarter and Precipitation of Driest Month. Based on this we predicted how fungi population 
related to P. sylvestris potentially will react according to CMIC6 climate projection (Fig. 1).  
We can see that absolute communities are likely to shift to cooler and wetter regions. 

 

Fig. 1 Based on the main parameters of the regulating communities of Scots 
pine predicted shift of communities under the CMIP6 climate projections: A 
– 2019 – 2040 years; B – 2019 – 2060 years; C – 2019 – 2080 years; 2019 – 

2100 years.  Main parameters: P2O5 - phosphorus concentration in soil; 
Bio2 – Mean Diurnal Range; Bio8 - Mean Temperature of Wettest Quarter; 

Bio14- Precipitation of Driest Month (with constant soil parameters) 

The guiding factors (p<0.05) of the compositions and structure of the fungus communities of 
needles are the Mean Diurnal Range and Temperature Annual Range. For shoots, the key 
factors (p<0.05) were the same Mean Diurnal Range and Temperature Annual Range, as well 
as Min Temperature of Coldest Month. The composition and structure of the rhizosphere 
grouping is influenced by the largest number of factors, among which are (p <0.05): Annual 
Mean Temperature, Mean Diurnal Range, Isothermality, Temperature Seasonality, 
Temperature Annual Range, Precipitation of Wettest Month, Precipitation Seasonality, 
Precipitation of Warmest Quarter, concentration of Ca and P2O5 in soil and salinity. For soil 
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the key drivers of community change were daily average range setting a particular direction for 
the community, annual rainfall, wettest month rainfall, wettest quarter rainfall, driest quarter 
rainfall, coldest quarter participation, acidity. 

FUNGuild analysis defined 54% from all OTUs in 7 trophic guilds, 46% of OTUs was 
unidentified. Of them 20% of species belonged to the pathotrophic group, 6% to the 
pathotrophic-saprotroph group, 4% to Pathotroph-Saprotroph-Symbiotroph group, 4% to the 
pathotropho-symbiotroph group, 39% occupied the saprotroph niche, 5% were saprotroph-
symbiotrophs, and 22 % symbiotrophs. The largest number of pathotrophs was found in the 
needles, the smallest in the organic soil layer. Saprotrophs dominated in needles, symbiotrophs 
– in needles and roots (Fig.2). 

 

Fig. 2 Relative abundance of trophic guilds in different pine tissues based on 
FUNGuild analysis. Unidentified species was removed. 

CONCLUSIONS  

The chemical parameters of the soil studied by us did not show dependence on latitude, despite 
this, they significantly influenced the biodiversity of fungal communities. Diversity indicators 
(richness and Shannon index) for pine practically do not change in the latitudinal gradient. 
Communities of pine generally reacted to changes in climatic parameters, to a lesser extent to 
the chemical parameters of the soil. Fungal communities were affecting mostly by 
continentality, as well as in the amount of annual precipitation. Under the pressure of climate 
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change, tree populations are expected to shift along the gradients indicated above. The various 
fungus guilds did not show a uniform latitude distribution. 

Keywords: Scott pine, mycobiont, functional diversity 
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