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Abstract: The European Union (EU) has made eco-innovation and green technology a priority as
they are essential to the continent’s long-term prosperity. To move towards sustainable economic
growth, eco-innovation takes a significant role in the transition process. The aim of the article is
to use the eco-innovation indicators as an instrument to measure the eco-innovation performance
of Lithuania in the context of the EU Green Deal in order to analyze and assess the components
and indicators of the eco-innovation index for Lithuania. Following the aim of the article, a set of
research hypotheses will be formulated. The evaluation of eco-innovation indicators in Lithuania
relative to EU countries using Eco-IS indicators, determination of eco-innovation efficiency using
the Decision-Making Trial and Evaluation Laboratory (DEMATEL) method, and identification of
necessary eco-innovation policies for sustainable growth are the objectives of this paper. The research
results present the positive impact of eco-innovation activities in the EU on Lithuania, and vice versa.
Lithuania was affected positively by eco-innovation activities of other EU nations. The outcome of
the study indicates its relevance by highlighting Lithuania’s position among the lowest countries in
terms of eco-innovation adoption, hence new research pathways for the creation and implementation
of policies to solve the current situation are provided.

Keywords: eco-innovation performance; sustainable growth; environmental protection

1. Introduction

Increasing demand for energy and resources, rapid urbanization, increased consumer
habits, pollution, and the amount of waste generated by the industrial revolution all
contribute to the challenge of sustainability. Following World War II, the world experienced
its most rapid development. Oil, gas, synthetic materials, and low-cost energy were all part
of the economic expansion plan. The negative implications of mass production acquired
significance in the early 1970s with the inclusion of simulation studies on the future of
the international economy [1]. Degradation of the environment and climate change have
compelled governments and corporations to incorporate sustainability into their strategic
decisions. In the forefront of these publications are the Stockholm Conference (1972) and the
“Limits to Growth” report sponsored by the Club of Rome. Although environmental issues
appear to have been afforded a higher political importance in industrialized nations during
the 1970s and 1980s, there is no sense of the situation’s urgency [2]. Increased product
consumption, energy production, and transportation, as well as greenhouse gas emissions
that produce climate change, significantly harm the Earth’s eco-system, presenting a global
problem. On the other hand, one in every nine persons in the globe, or in another phrase,
821 million people, suffer from hunger and malnutrition [3]. With the publication of
reports such as the Vienna Convention on the Protection of the Ozone Layer (1985), the
Brundtland Report “Our Common Future” [4], and the first International Federation of
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Clinical Chemistry (IFCC) report (1988), the focus shifted from the aforementioned issues
to the negative effects of production and sustainable growth.

In the early 1970s, environmental pollution, climate change, acid rain, toxic wastes, de-
pletion of natural resources, carbon emissions, and global warming began to be recognized
and discussed; however, today, as the importance of sustainable growth is recognized, the
number of studies in this field is increasing rapidly, with the primary goal of public policy
being to ensure sustainable growth; in addition, owing to current global changes, both
social and economic businesses should recognize the importance of sustainable growth.
The concept of innovation, which is characterized as the engine of economic growth, is
supplanted by the concept of eco-innovation as the concept of economic growth is replaced
by the concept of sustainable growth, which prioritizes environmental challenges and their
solutions. As the importance of eco-innovation in strategic decisions increases and corpo-
rate sustainability improves, the purpose of this study is to assess eco-innovation indicators
and eco-innovation efficiency in Lithuania relative to other EU nations. The objectives of
this study are to evaluate the eco-innovation indicators in Lithuania relative to EU countries
using Eco-IS indicators, determine eco-innovation efficiency using the Decision-Making
Trial and Evaluation Laboratory (DEMATEL) method, and identify eco-innovation policies
required for sustainable growth. Eco-definition, innovation’s objective, types, determinants,
and evaluation are described in the second half of the study. In the third section of the
study, eco-innovation indicators in Lithuania are compared to those in other EU nations,
and methodological details regarding the DEMATEL data technique are offered. In the
fourth section, the research findings are provided alongside an evaluation of Lithuania’s
eco-innovation effectiveness. Discussions, conclusions, and recommendations conclude
the study. The finding of this study redounds to the benefit of society considering that
eco-innovation refers to any new technology or innovation that significantly contributes to
environmental solutions and sustainable development. This could include innovations that
lessen the environmental effect of manufacturing, strengthen the resilience of nature, or
make more efficient use of natural resources.

2. Eco-Innovation and Eco-Efficiency

Growing environmental consciousness at the national and international levels has
shown the need for a robust environmental policy mandating the reduction of environ-
mental issues and the shift to greener and cleaner production technologies. People in
industrialized nations consume tens of times more resources than those in underdeveloped
ones; hence, economic development is correlated with resource consumption [5]. Industry
must not only reframe its social and economic duties regarding the environment, but also
invest in eco-innovation activities that maximize economic gain while minimizing environ-
mental harm [6]. In the literature, eco-innovation [7] was formulated in various ways, such
as Green Innovation [8,9], Sustainable Innovation [10,11], Ecologic Innovation [12,13], and
Environmental Innovation [14,15]; however, the concept of eco-innovation has been used
significantly in recent years [16]. The term “eco-innovation” refers to the development of
novel and economically viable goods, processes, systems, services, and design processes
that satisfy human needs while reducing the consumption of natural resources and the
emission of hazardous chemicals through their existence [17]. Even while research on
eco-innovation has expanded in recent decades and the influence of eco-innovation on
sustainability is still uncertain, the social and political significance of eco-innovations on
the basis of sustainable growth has increased. As the significance of eco-innovation in
strategic decision-making increases, the sustainability of businesses improves [18]. There
are few studies on the relationship between eco-innovation and sustainability, although
there are numerous studies on the relationship between eco-innovation activities and
social, economic, and environmental development [19-21]. The European Commission
launched the Eco-Innovation Action Plan (EcoAP), which supports eco-innovative pro-
cesses, goods, and services, in 2011 as part of the Europe 2020 agenda and the “Innovation
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Union” project [22,23]. Eco-innovation is the intersection of economic gain, environmental
innovation, and social consciousness [24].

In fact, when we delve deeper into the past, Rio de Janeiro, Brazil, hosted the United
Nations Conference on Environment and Development (UNCED), often known as the
“Earth Summit”, from June 3 to June 14, 1992. On the 20th anniversary of the first Human
Environment Conference, which took place in Stockholm, Sweden in 1972, this global
conference was organized. It brought together political leaders, diplomats, scientists, media
representatives, and non-governmental organization leaders to address the environmental
effects of global social and economic activity. The Rio de Janeiro summit brought to light
the connection between social, economic, and environmental issues, as well as the necessity
for action in several sectors to ensure that successes in one area may be sustained over
time and influence other determinants of sustainability. The primary objective of the Rio
“Earth Summit” was to establish a comprehensive agenda and a new strategy for global
action on environmental concerns, which would lead to international cooperation and the
adoption of shared policies. Businesses were attentive to environmental protection as a
result of investments in environmental awareness. Kuo and Smith (2018) mentioned that,
initially, eco-innovation was defined by Fussler and James in 1996 as the act of inventing
a new product, process, or service that produces value for the user and the company
while dramatically reducing environmental concern (damages) [25], and suggested that
consumer knowledge of the environment and societal expectations offer firms opportuni-
ties to gain a competitive edge. Indeed, company executives must adapt to these social
forces in order to preserve their markets, maintain social acceptability, and sustain their
companies’ existence. Consequently, eco-innovation was characterized differently by other
scholars in the years that followed, including Hojnik and Ruzzier (2016) [26], Gasior et al.
(2022) [27], Oltra and Saint Jean (2009) [28], and Molina et al. (2018) [29]. Nonetheless, one
of the most important definitions of eco-innovation can be found in the work of Kemp
and Pearson (2007) [30]. Departing from the Oslo manual, they defined eco-innovation
as the “production, application, or exploitation of a novel good, service, production pro-
cess, organizational structure, management, or business method that results, throughout
its lifecycle, in a reduction of environmental risk, pollution, and the negative impacts of
resource use (including energy use) compared to relevant alternatives”. According to this
definition, eco-innovation encompasses all new processes that increase resource efficiency,
and the term is mostly based on an assessment of environmental benefits and dangers as a
whole. In accordance with the sustainable growth strategies of the European Union, the
Eco-Innovation Observatory (EIO) defines eco-innovation as the introduction of a new or
significantly improved product, process, organizational change, or marketing method that
reduces the use of natural resources and the release of harmful substances [31,32]. The
EIO, similar to the Oslo Manual, categorized eco-innovation into four primary groups
as product eco-innovation, process eco-innovation, organizational eco-innovation, and
marketing eco-innovation [17]. Some studies in the literature place greater emphasis on the
relationship between the environmental aspects of product and process eco-innovation [10].
Rennings (1998) [33] categorizes eco-innovations as technological, organizational, and
social, taking non-commercialization of the eco-innovation into mind, and thus defines
corporate eco-innovation. Innovation based on sustainability examines systems holistically;
it addresses the entire process, from resource generation to production, consumption, and
renewal. It changes the basis of competitiveness, the source of differentiation, and the
character of consumption on a global scale [34]. Innovation and eco-efficiency are both key
components of national and international economic strategy, as well as strategic compo-
nents of sustainable development. There are numerous reasons why innovation is crucial,
including those mentioned in [11]; in other words, to strike a balance between environmen-
tal safeguards and economic considerations. Innovations developed within the framework
of environmental policy frequently increase competitiveness by reducing costs and bring
benefits by opening new markets; new production processes and technologies, renewable
energy systems, or infrastructure frequently require innovation and aim to strike a balance
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between economic, social, and environmental considerations; and environmental products
and processes are already a part of business operations. Innovation improves the efficacy
and profitability of businesses, enables their entry into new markets, and secures the ex-
pansion of the existing market. Consequently, innovation is a crucial factor that promotes
employment growth, sustainable development, social welfare, and quality of life. In the
face of global competition, enterprises unable to capture environment-related innovation
and make change permanent would perish [35]. Eco-efficiency is one of eco-innovation’s
most essential goals. Eco-efficiency is the maximization of added value while minimizing
resource usage and ecological impact [36]. Only the development of clean manufacturing
technologies, waste management, and system innovation (new product/service systems)
can ensure eco-efficiency [37]. These measures aim to increase the added value and reduce
the environmental effect. To attain eco-innovation objectives, eco-determinants of innova-
tion must be identified. Horbach (2008) [38] outlines supply, demand, and technology as the
factors of eco-innovation. Institutional and political effects on the supply side include cost
savings, market characteristics, sustainable innovations, risks and ambiguities, knowledge
level and workforce, and time interval. The demand side includes demand-pull and social
consciousness. Environmental policies, organizational structure, and global pressures are
the institutional and political determinants of the components. Despite the fact that rules,
incentives, market needs, and technical advancements are major catalysts for the fulfilment
of this responsibility, firms might disregard and avoid their responsibilities by viewing
essential (sustainable-based) expenditures as a cost element. Regulations and obligations
for sustainability, on the one hand, and cost considerations, on the other, are the primary
issues for enterprises [24]. Diaz-Garcia et al. (2015) [16] split eco-innovation drivers into
three categories: micro, meso, and macro. Micro-level drivers include structural factors,
strategy and business logic, resources, and capacities; meso-level drivers include market
dynamics, finance, networks, pressure groups, and industry; and macro-level drivers in-
clude policy instruments, education policy, technology systems, and regional variables.
As technological, financial, labor-related, regulatory, consumer-related, supplier-related,
and management constraints, they can be handled comprehensively [39]. ETAP (European
Commission’s Environmental Technologies Action Plan) identifies economic barriers, reg-
ulatory barriers and standards, technological barriers, and dissemination barriers as the
primary obstacles to eco-innovation [40].

The measurement of eco-innovation at the company, industry, regional, national, or
international level serves many purposes. Given that eco-innovation is a process and that
the product’s life cycle must be comprehended in order to detect environmental impacts,
measuring eco-innovation is extremely complex [41,42]. Despite the fact that there are
different approaches to the measurement of eco-innovation in the literature, the studies
appear to be focused on some methods and variables.

The most common methods used in eco-innovation measurement can be grouped
under three headings as survey analysis, patent analysis, and digital and documentary
resource analysis [30]. In these studies, four different measurements are used, including
input measurement, intermediate output measurement [43], and direct and indirect mea-
surement (Arundel and Kemp, 2009 [7]). The primary objective of the EU’s revised growth
strategy is to develop a sustainable environmental strategy for a prosperous society based
on a resource-efficient, competitive economy where the industrial production and manu-
facturing production plays an important role [44-46]. The new strategy’s major challenge
is economic and industrial growth that is resource-independent as well as greenhouse
emissions. Eco-innovation has been at the center of European policy during the past few
years as a result of the EU’s drive to attain a cleaner natural world and environment pro-
tection, competition, carbon neutrality, sustainable economic growth, social equity, and
prosperity. Effective adaptation of industrial companies to continuing changes through
the creation and execution of eco-innovation is necessary to achieve a balance between the
pursuit of higher economic competitiveness in import and export activities and a clean
environment [47]. The scientific and practical perspective focuses on studying the problems
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of innovation and sustainable development and their interrelationship in terms of the
impact of eco-innovation activities on the long-term viability of businesses, where loans
to the private sector take significant potency [48]. At the same time, it should be noted
that this component of the manifestation of the two phenomena has not been thoroughly
researched and discussed in the scientific literature. The study of eco-innovation and
sustainable development, as well as their interactions, is critical to the growth of modern
industrial businesses [49]. Thus, hypotheses are formulated as follows (Figure 1): There is
a relationship between Y1 indicators and X indicators (H1); There is a positive interaction
between Y1 and Y2 (H2); There is a nexus between Y1 eco-innovation indicators (Internal)
(H3); There is a nexus between Y2 eco-innovation indicators (Internal) (H4).

H2
Vlndicators (EU average) Y2 K / Indicators (Lithuania) Y1
H4 H3
Governments Governments
environemntal and ener environemntal and ener
&Y Indicators (Lithuania) X &Y
research and development R&D approprations and
P GDP Annual growth rate PPP
R&D) approprations and outlays
( ) approp Unemployment Rate y
outlays Total R&D personnel and
y Loans to Private sector p
Total R&D personnel and researchers
p (eur Million)
researchers Entreprises that inroduced
Exports (eur Million) p
Entreprises that inroduced an innovation with
P Imports (eur Million)
an innovation . . environmental benefit
Industrial ~ production
environmental benern %) H1 obtained within the
0
obtained within the entreprise
Manufacturing P
entreprise Entreprises that inroduced
p production (%) p
Entreprises that inroduced . an innovation with
Consumer Spending (eur
an innovation with - environmental benefit
Million)
environmental benefit obtained by the end user
obtained by the end user ISO 14001 registered
ISO 14001 registered organisations
organisations Eco-innovation related
Eco-innovation related patents
patents Material productivity

Figure 1. Formulation of the research hypothesis (compiled by the author’s).

Among the most important aims of assessing eco-innovation are the evaluation of
implemented policies through national or international comparisons and the promotion
of a more environmentally conscious economy or sector [50]. The completion of these
analyses depends on achieving national eco-innovation standards. Eco-IS (Eco-Innovation
Scoreboard) determines these values for EU member states at the national level.

Using the Eco-IS index, the values and performance of eco-innovation in Lithuania could
be evaluated and the policies required for cleaner manufacturing could be determined.
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3. Research Methodology

In this study, the Decision-Making Trial and Evaluation Laboratory (DEMATEL)
methodology is proposed for researching and solving complex and intertwined problem
groups owing to its ability to verify interdependence between variables and attempt to
improve them by providing a specific chart to reflect interdependence between variables.
Experts play a complimentary and approving role in all processes and portions of this
method. Clarification of significant elements will be accomplished by the use of the
direct-influenced matrix, and then the priority of each component will be defined. This
methodology is capable of verifying dependency among unanticipated aspects or attributes,
as well as revealing the characteristic’s relationship to an essential system and growth,
attempting to reflect the interrelationship between variables by enhancing the directed
graph [51-56]. Furthermore, DEMATEL aids in the identification of practical solutions,
specific problems, and most importantly the cluster of comorbidities. The final output of the
DEMATEL method is the impact relation map (IMR). Initially, the direct-influenced matrix
must be constructed before DEMATEL can be used. The following step is to calculate the
normalization of the matrix that is directly influenced. The subsequent step is to obtain the
whole relation matrix, which enables the production of the causal diagram. The fourth step
is to obtain the impact relationship map and inner dependence matrix, and the fifth and
final step is to acquire inner dependence when the sum of each column in the total-relation
nn matrix is equal to 1 via the normalization method.

Ten experts took part in the research process. The experts were selected according
their experience in the field of innovation management and economics with a minimum
of 10 years’ experience according to geographical location and education level. (1) Expert
A: Professor at the management department, VGTU; (2) Expert B: Client development
executive at international furniture manufacturing company, B2B, Lithuania; (3) Expert
C: Expert at Vilnius municipality, environment and energy; (4) Expert D: Expert at Min-
istry of Economy and Innovation, Baltic Region, Economic Development Department; (5)
Expert E: Associate Professor. Lead Research Fellow, Energy Economics and Efficiency,
Environmental and Resource Economics; (6) Expert F: Director at Department for Regional
Development and Entrepreneurship, Latvia; (7) Expert G: Expert at Lithuanian Innovation
Center; (8) Expert H: Economy analyst at SME support agency, Lithuania; (9) Expert I:
Expert at National Agency for Regional Development; (10) Expert J: Independent member
on supervisory board, Modus, Lithuania.

4. Research Results

The Eco-IS index is a composite index comprised of 16 indicators compiled into five
components: eco-innovation inputs, eco-innovation activities, eco-innovation outputs,
resource efficiency results, and socio-economic outcomes. While eco-innovation inputs, eco-
innovation activities, and eco-innovation outputs are all directly related to eco-innovation,
resource efficiency outputs and socio-economic consequences linked with eco-innovation
effects are not [57]. To obtain an EU average that corrects for the bias of smaller Member
States, country-specific values for a single indicator are weighted by population share.
Consequently, the EU average of a sub-indicator represents the weighted mean of country-
specific data from all EU-28 Member States [58]. To normalize the data collection, min-max
normalization is applied, which scales each value so that it lies between 0 and 1. This
enables the indexes to be combined to form the composite index. The overall index score for
each of the EU-28 Member States is produced by taking the mean of the 16 sub-indicators
and assigning each the same weight. Thus, there is no bias between the various index
sections. Setting the EU average to 100 means that nations with numbers higher than
the EU average will receive a score higher than 100, while countries with numbers lower
than the EU average would receive a score lower than 100, based on their deviations
from the EU average. The eco-innovation index indicates a country’s eco-innovation
relative to other nations. According to the 2018 index values of the 28 EU member states,
Luxembourg, Germany, Sweden, Finland, Austria, and Denmark make up the group of
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eco-innovation leader countries, whereas the countries with an index value of 83 or less
are known as eco-innovation catchers. Eco-innovation inputs are investments (financial,
human, and technical resources) that serve as a catalyst for eco-innovation activities in
businesses, research institutes, and other organizations. Total R&D professionals and
researchers (percent of total employment) is the most comprehensive measurement of
a nation’s innovation capacity. Owing to the difficulty in collecting a precise count of
workers and researchers active in environmental R&D, the total number of R&D personnel
is utilized to calculate the eco-innovation index. Fikrli (2022), in their research based on
studies of the eco-innovation performance, presented valuable measures on Lithuania.
While the ratio of R&D professionals and researchers (percent of total employment) in
Lithuania was 0.58 percent on average between 2010 and 2018, it rose to 0.62 percent in
2018. Although the average unemployment rate of EU member states is 1.35 percent,
which is roughly twice that of Lithuania, the trend of rising unemployment is observed
in all nations with the exception of Malta. The public has a vital role in the national
implementation and diffusion of eco-innovation. Increased funding and expenditures on
the development of production technologies that are less damaging to the environment
boost the national diffusion of eco-innovation. From 2010 through 2018, the average
ratio of Lithuanian public environmental R&D expenditures to GDP was approximately
0.012 percent; however, in 2018, the ratio plummeted to 0.01 percent (Eurostat). Two main
factors that will reduce the environmental impact of economic activity are technological
breakthroughs and better energy efficiency. Alvarez-Herrandez et al. (2017) [59] predict that
advances in energy technologies will minimize environmental externalities, particularly
CO; and other greenhouse gas emissions. In addition, empirical studies indicate that public
incentives are the driving force behind renewable energy investments and play a crucial
role in reducing environmental pollution [60]. Despite the fact that, from 2010 to 2018, the
ratio of public sector energy R&D expenditures to GDP in Lithuania was near to 0.015
(below the EU average), this ratio was close to 0.01 in 2018 (Eurostat).

Regarding eco-innovation activities, ISO 14001 specifies environmental management
system criteria (EMS). Instead of stating environmental performance requirements, ISO 14001
provides a framework for establishing a successful EMS. It can be utilized by any organization
that seeks to boost resource efficiency, minimize waste, and reduce expenses. Furthermore,
through audits and technical support, ISO 14001 assists enterprises in adopting cleaner and
more efficient technology [61]. According to Eurostat data, the average number of businesses
in Lithuania acquiring ISO 14001 certificates between 2010 and 2018 was 200; however, in
2018, that figure climbed to 300. This expansion demonstrates the business sector’s interest in
ecologically responsible production and management in Lithuania.

Material productivity is defined as the amount of economic output generated (in terms
of GDP) per unit of materials consumed in resource efficiency outcomes. The better a
nation’s material efficiency rate, the fewer materials/substances are utilized per unit of
production, resulting in less waste and decreased usage of natural resources. In 2018, the
EU resource efficiency rate was 2.1, whereas Lithuania’s rate was 0.85, which is 2% lower
than the average from 2010 to 2018 (Eurostat). Energy efficiency, which indicates the rate of
economic output per unit of energy use, is a metric that provides information regarding
the relative performance of nations in economic, energy, and environmental challenges.
Between 2010 and 2018, Lithuania produced 4.3 euros for every kilogram of oil-equivalent
energy input, compared with 4.5 euros today.

Step 1: Construct the direct-influenced matrix

In order to determine the model of the relationships between the n criteria, an nn
matrix must first be created. Each element in each row exerts an effect on each element in
each column of this matrix. If the opinions of numerous experts are utilized, each expert
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must complete the matrix. Using the arithmetic mean of all of the experts” judgments, a
direct relation matrix X is created.

0 R
X=|: 0

X1, - 0

Table 1 below displays the direct relationship matrix, which corresponds to the pair-
wise comparison matrix of the experts.

Step 2: Compute the normalized direct-relation matrix

To normalize, the direct sum of the matrix’s rows and columns is calculated (Table 2).
k represents the greatest number of the row and column sums. In order to normalize, each
element of the direct-relation matrix must be split by k.

k = max{max Z;l:l xij’ Z:l:l xl]} (2)

N:%*X 3)

Step 3: Compute the total relation matrix
Following the computation of the normalized matrix, the fuzzy total-relation matrix
can be determined as follows:

T:lm(NH4ﬂ+m+NQ @)
k—+o0

In other words, an N identity matrix is created first, then subtracted from the nor-
malized matrix, and the resulting matrix is inverted. The total relation matrix is obtained
(Table 3) by multiplying the normalized matrix by the resulting matrix.

T=Nx(I—-N)"! )

Step 4: Set the threshold value

To construct the internal relations matrix, it is necessary to obtain the threshold value.
Consequently, incomplete relationships are disregarded and the network relationship map
(NRM) is created. The NRM depicts just those relations whose values in matrix T exceed the
threshold value. Calculating the average values of the matrix T is adequate for calculating
the threshold value for relations. After determining the threshold intensity, all values in
matrix T that are less than the threshold value are set to zero, i.e., the previously described
causal relationship is disregarded.

The threshold value found in this investigation is 7.872.

All of the values in matrix T less than 7.872 are set to zero, hence ignoring the pre-
viously established causal relationship. The model of relevant relationships is shown in
Table 4 below.

Step 5: Final output and create a causal diagram

The following step is to determine the sum of each row and column of T (in step 3).
Calculating the sum of rows (D) and columns (R) is performed as follows:

D=3/ ,Tj ©)

R=Y T )
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Table 1. Direct relation matrix for Lithuania/EU.

Governments Enterprises That Enterprises that Introduced
Environmental and Total R&D Introduced an Innovation E Innovation wi tl:l ISO 14001 Eco-In tion- Ener
Energy R&D Personnel and with Environmental Benefit an nnovavon with Registered Cco- nnovation Material Productivity nerey.
A 2 . o Environmental Benefit s Related Patents Productivity
ppropriations and Researchers Obtained within the . Organisations Y1/Y2
. Obtained by the End User Y1/Y2 Y1/Y2
Outlays Y1/Y2 Enterprise Y1/Y2 Y1/Y2
Y1/Y2 Y1/Y2
Governments environmental and
energy R&D appropriations and 0/0 0.97/0.96842388 0.93/0.92184263 0.96/0.9548583 0.93/0.92655056 0.91/0.90712319 0.9684238891/0.90107576 0.94/0.93550202
outlays
Total R&D personnel and researchers 0.94/0.96842388 0/0 0.93/0.92759633 0.96/0.95700595 0.9/0.9548583 0.97/0.96640917 0.96/0.9514162 0.97/0.96053515
Enterprises that introduced an
innovation with environmental 0.922/0.92184263 0.928/0.92759633 0/0 0.97/0.96635091 0.97/0.96338881 0.96/0.9548583 0.95/0.94472708 0.96/0.96018973
benefit obtained within the enterprise
Enterprises that introduced an
innovation with environmental 0.955/0.9548583 0.957/0.95700595 0.966/0.96635091 0/0 0.98/0.972227 0.97/0.96576207 0.95/0.9548583 0.990.98314939/
benefit obtained by the end user
ISO 14001 registered organisations 0.92655056/0.927 0.897/0.89671754 0.963/0.96338881 0.972/0.972227 0/0 0.92/0.91987826 0.92/0.91319511 0.96/0.9548583
Eco-innovation-related patents 0.907/0.90712319 0.966/0.96640917 0.96/0.96006998 0.966/0.96576207 0.92/0.91987826 0/0 0.99/0.98415261 0.99/0.98176208
Material productivity 0.901/0.90107576 0.951/0.9514162 0.945/0.94472708 0.949/0.9488136 0.913/0.91319511  0.984/0.98415261 0/0 0.99/0.98865915
Energy productivity 0.9360.93550202/ 0.961/0.96053515 0.96/0.96018973 0.983/0.98314939 0.953/0.95275776 ~ 0.982/0.98176208 0.989/0.98865915 0/0
Table 2. The normalized direct-relation matrix for Lithuania/EU.
Enterprises That .
. Governments Total R&D Introduced an Innovation Enterprises That . ISO 14001 Eco-Innovation- .
Environmental and Energy . . " Introduced an Innovation . Material Energy
. Personnel and with Environmental Benefit . . N Registered Related .. >,
R&D Approprations and . o with Environmental Benefit s Productivity Productivity
Researchers Obtained within the . Organisations Patents
Outlays E . Obtained by the End User
nterprise
Governments environmental and energy
R&D appropriations and outlays /00 /0.1430.143 /0.1360.137 /0.1410.142 /0.1370.137 /0.1340.134 /0.1330.134 /0.1380.139
Total R&D personnel and researchers /0.1430.143 /00 /0.1370.137 /0.1420.142 /0.1410.133 /0.1430.143 /0.1410.142 /0.1420.143
Enterprises that introduced an innovation
with environmental benefit obtained within /0.1360.136 /0.1370.137 /00 /0.1430.143 /0.1420.143 /0.1410.142 /0.140.14 /0.1420.142
the enterprise
Enterprises that introduced an innovation
with environmental benefit obtained by the /0.1410.141 /0.1420.141 /0.1430.143 /00 /0.1440.145 /0.1430.143 /0.1410.14 /0.1450.146
end user
ISO 14001 registered organisations /0.1370.137 /0.1330.133 /0.1420.142 /0.1440.144 /00 /0.1360.136 /0.1350.136 /0.1410.142
Eco-innovation-related patents /0.1340.134 /0.1430.143 /0.1420.142 /0.1430.143 /0.1360.136 /00 /0.1460.146 /0.1450.146
Material productivity /0.1330.133 /0.1410.141 /0.140.14 /0.140.14 /0.1350.135 /0.1460.145 /00 /0.1460.146
Energy productivity /0.1380.138 /0.1420.142 /0.1420.142 /0.1450.145 /0.1410.141 /0.1450.145 /0.1460.146 /00
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Table 3. The total relation matrix for Lithuania/EU.
Enterprises That .
. Governments Total R&D Introduced an Innovation Enterprises That . ISO 14001 Eco-Innovation- .
Environmental and Energy . . N Introduced an Innovation . Material Energy
S Personnel and with Environmental Benefit . . N Registered Related - >
R&D Appropriations and . il with Environmental Benefit I Productivity Productivity
Researchers Obtained within the . Organisations patents
Outlays E . Obtained by the End User
nterprise
Governments environmental and energy
R&D appropriations and outlays 7.503/7.242 7.744/7.478 7.763/7.489 7.873/7.593 7.675/7.449 7.805/7.522 7.777/7.481 7.911/7.607
Total R&D personnel and researchers 7.737/7.534 7.729/7.521 7.874/7.658 7.985/7.764 7.781/7.62 7.923/7.699 7.894/7.656 8.028/7.781
Enterprises that introduced an innovation
with environmental benefit obtained within 7.733/7.483 7.851/7.595 7.755/7.491 7.988/7.718 7.791/7.575 7.924/7.651 7.895/7.609 8.029/7.734
the enterprise
Enterprises that introduced an innovation
with environmental benefit obtained by the 7.845/7.598 7.964/7.712 7.99/7.73 7.974/7.708 7.9/7.689 8.035/7.766 8.005/7.723 8.144/7.852
end user
ISO 14001 registered organisations 7.633/7.39%4 7.745/7.501 7.777/7.525 7.884/7.627 7.564/7.359 7.816/7.555 7.788/7.514 7.924/7.641
Eco-innovation-related patents 7.772/7527 7.896/7.647 7.92/7.662 8.029/7.766 7.826/7.617 7.841/7.574 7.941/7.66 8.074/7.784
Material productivity 7.705/7.475 7.828/7.593 7.852/7.608 7.959/7.711 7.758/7.564 7.9/7.649 7.746/7.481 8.005/7.732
Energy productivity 7.839/7.605 7.961/7.721 7.986/7.738 8.097/7.844 7.894/7.695 8.033/7.777 8.006/7.736 8.013/7.734
Table 4. The total-relationships matrix by considering the threshold value for Lithuania/EU.
Enterprises that Introduced .
. Governments Total R&D an Innovation with Enterprises That . I1SO 14001 Eco-Innovation- .
Environmental and Energy . 5 Introduced an Innovation . Material Energy
S Personnel and Environmental Benefit . . N Registered Related . >,
R&D Appropriations and . s with Environmental Benefit P Productivity Productivity
Researchers Obtained within the . Organisations Patents
Outlays E . Obtained by the End User
nterprise
Governments environmental and energy
R&D appropriations and outlays 0/0 0/0 0/0 7.873/0 0/0 0/0 0/0 7.911/0
Total R&D personnel and researchers 0/0 0/0 7.874/7.658 7.985/7.764 0/0 7.923/7.699 7.894/7.656 8.028/7.781
Enterprises that introduced an innovation
with environmental benefit obtained within 0/0 0/0 0/0 7.988/7.718 0/0 7.924/7.651 7.895/0 8.029/7.734
the enterprise
Enterprises that introduced an innovation
with environmental benefit obtained by the 0/0 7.964/7.712 7.99/7.73 7.974/7.708 7.9/7.689 8.035/7.766 8.005/7.723 8.144/7.852
end user
ISO 14001 registered organisations 0/0 0/0 0/0 7.884/7.627 0/0 0/0 0/0 7.924/7.641
Eco-innovation-related patents 0/0 7.896/7.647 7.92/7.662 8.029/7.766 0/0 0/0 7.941/7.66 8.074/7.784
Material productivity 0/0 0/0 0/0 7.959/7.711 0/0 7.9/7.649 0/0 8.005/7.732
Energy productivity 0/0 7.961/7.721 7.986/7.738 8.097/7.738 7.894/7.695 8.033/7.777 8.006/7.736 8.013/7.734
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D and R can then be used to determine the values of D+R and D—R, where D+R
represents the relevance of factor I to the entire system and D—R represents the net effects
factor I has on the system.

The final results are shown in Table 5 below.

Table 5. The final output (DETAMEL) for Lithuania/EU.

R D D+R D-R

Y1/Y2 Y1/Y2 Y1/Y2 Y1/Y2

Governments environmental and energy R&D ¢y 700 /5g 850 62.051/59.861  123.817/119.719 0.285/0.003
appropriations and outlays

Total R&D personnel and researchers 62.718/60.767 62.952/61.231 125.67/121.999 0.234/0.464
Enterprises that introduced an innovation with

environmental benefit obtained within the 62.917/60.901 62.966/60.857 125.884/121.757 0.049/—0.044
enterprise

Enterprises that introduced an innovation with 05 791 /61 731 3858/67.779  127.649/123.51 0.066/0.048
environmental benefit obtained by the end user

ISO 14001 registered organisations 62.189/60.567 62.13/60.115 124.319/120.682 —0.059/—0.452

Eco-innovation-related patents 63.275/61.193 63.298/61.237 126.573/122.431 0.023/0.044

Material productivity 63.052/60.86 62.753/60.813 125.805/121.673 —0.299/-0.047

Energy productivity 64.128/61.867 63.829/61.851 127.956/123.717 —0.299/—-0.016

The diagram below depicts the model of key relationships. This model can be repre-
sented as a Figure 2 in which the values of (D+R) are placed on the horizontal axis and the
values of (D—R) on the vertical axis. The coordinate system determines the position and
interaction of each factor with a point in the coordinates (D+R, D—R).

0.5
i °
0 ® 3 ®
128.5 124 124.5 125 125.5 126 126.5 127 127.5 128 128.5

-0.5

® Governments environemntal and energy R&D approprations and outlays
® Total R&D personnel and researchers

® Entreprises that inroduced an innovation with environmental benefit obtained within the
entreprise

Entreprises that inroduced an innovation with environmental benefit obtained by the end
user

® ISO 14001 registered organisations

Figure 2. Cause—effect diagram for Lithuania in eco-innovation activities.

Step 6: Interpret the results
According to the diagram (Figure 3) and Table 5 above, each factor can be assessed
based on the following aspects:
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0.6
0.4
0.2

0
0 2119.5 120 120.5 121 121.5 122 122.5 123 123.5 124

-0.4
-0.6

® Governments environemntal and energy R&D approprations and outlays
® Total R&D personnel and researchers

 Entreprises that inroduced an innovation with environmental benefit obtained within the

entreprise
Entreprises that inroduced an innovation with environmental benefit obtained by the

end user
® ISO 14001 registered organisations

® Eco-innovation related patents

Figure 3. Cause—effect diagram for EU in eco-innovation activities.

Horizontal vector (D+R) represents the degree of importance each factor plays in
the entire system. In other words, (D+R) indicates both factor i’s impact on the whole
system and other system factors” impact on the factor. In terms of degree of importance,
energy productivity is ranked in first place, followed by enterprises that introduced an
innovation with environmental benefit obtained by the end user, eco-innovation-related
patents, enterprises that introduced an innovation with environmental benefit obtained
within the enterprise, material productivity, total R&D personnel and researchers, ISO 14001
registered organisations, and governments environmental and energy R&D appropriations
and outlays, respectively.

The vertical vector (D—R) represents the degree of a factor’s influence on system. In
general, the positive value of D—R represents a causal variable and the negative value of
D—R represents an effect. In this study, governments environmental and energy R&D ap-
propriations and outlays, total R&D personnel and researchers, enterprises that introduced
an innovation with environmental benefit obtained within the enterprise, enterprises that
introduced an innovation with environmental benefit obtained by the end user, and eco-
innovation-related patents are considered as causal variables, while ISO 14001 registered
organisations, material productivity, and energy productivity are regarded as effects.

The results obtained (Figure 4) on the direct relation matrix are similar, which is the
same as the pairwise comparison matrix of the experts for eco-innovation indicators and
the selected economic factors. To normalize, the sum of all rows and columns of the matrix
is calculated directly. An n x n identity matrix is first generated, then this identity matrix
is subtracted from the normalized matrix and the resulting matrix is reversed; finally, the
total-relationships matrix is calculated by considering the threshold value.
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® Year

0.2

0.4 0.6 0.8 S 1 1.4 1.6 1.8
[

® Governments environemntal and energy R&D approprations and outlays (Lithuania)

@ Total R&D personnel and researchers (Lithuania)

® Entreprises that inroduced an innovation with environmental benefit obtained within the
entreprise (Lithuania)

® Entreprises that inroduced an innovation with environmental benefit obtained by the
end user (Lithuania)

@ISO 14001 registered organisations (Lithuania)

® Eco-innovation related patents (Lithuania)

® Material productivity (Lithuania)

» Energy Productivity (Lithuania)

Figure 4. Cause—effect diagram for Lithuania for eco-innovation/economy interrelations.

Horizontal vector (D+R) represents the degree of importance each factor plays in
the entire system. In other words, (D+R) indicates both factor i’s impact on the whole
system and other system factors” impact on the factor. In terms of the degree of importance,
consumer spending (EUR Million) (Lithuania) is ranked in first place, followed by year,
manufacturing production (%) (Lithuania), industrial production (%) (Lithuania), imports
(EUR Million) (Lithuania), exports (EUR Million) (Lithuania), ISO 14001 registered organisa-
tions (Lithuania), energy productivity (Lithuania), energy productivity (EU average), total
R&D personnel and researchers (Lithuania), total R&D personnel and researchers (EU aver-
age), material productivity (EU average), material productivity (Lithuania), governments
environmental and energy R&D appropriations and outlays (Lithuania), unemployment
rate (Lithuania), enterprises that introduced an innovation with environmental benefit ob-
tained by the end user (EU average), loans to private sector (EUR Million) (Lithuania), GDP
annual growth rate (Lithuania), eco-innovation-related patents (Lithuania), enterprises
that introduced an innovation with environmental benefit obtained within the enterprise
(Lithuania), ISO 14001 registered organisations (EU average), enterprises that introduced an
innovation with environmental benefit obtained by the end user (Lithuania), governments
environmental and energy R&D appropriations and outlays (EU average), enterprises that
introduced an innovation with environmental benefit obtained within the enterprise (EU
average), and eco-innovation-related patents (EU average), respectively.

The vertical vector (D—R) represents the degree of a factor’s influence on the system.
In general, a positive value of D—R represents a causal variable and a negative value of
D—R represents an effect. In this study, enterprises that introduced an innovation with
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environmental benefit obtained within the enterprise (EU average), ISO 14001 registered
organisations (EU average), eco-innovation-related patents (EU average), material produc-
tivity (EU average), energy productivity (EU average), GDP annual growth rate (Lithuania),
unemployment rate (Lithuania), loans to private sector (EUR Million) (Lithuania), exports
(EUR Million) (Lithuania), imports (EUR Million) (Lithuania), industrial production (%)
(Lithuania), manufacturing production (%) (Lithuania), and consumer spending (EUR
Million) (Lithuania) are considered as causal variables, while year, governments environ-
mental and energy R&D appropriations and outlays (Lithuania), total R&D personnel and
researchers (Lithuania), enterprises that introduced an innovation with environmental ben-
efit obtained within the enterprise (Lithuania), enterprises that introduced an innovation
with environmental benefit obtained by the end user (Lithuania), ISO 14001 registered
organisations (Lithuania), eco-innovation-related patents (Lithuania), material productivity
(Lithuania), energy productivity (Lithuania), governments environmental and energy R&D
appropriations and outlays (EU average), total R&D personnel and researchers (EU aver-
age), and enterprises that introduced an innovation with environmental benefit obtained
by the end user (EU average) are regarded as effects.

Taking into account the above hypotheses (H1, H2, H3, and H4), the hypothesis
stating that there is a relationship between governments environmental and energy R&D
appropriations and outlays, total R&D personnel and researchers, and enterprises that
introduced an innovation with environmental benefit obtained within the enterprise at
both the Lithuania and EU level is accepted. The findings illustrate the positive impact of
eco-innovation activities in the EU on Lithuania, and vice versa. Lithuania was affected
positively by eco-innovation activities of other EU nations. The research proves the positive
affect of eco-innovation activities (both EU and Lithuania) on the unemployment rate, loans
to private sector, exports, imports, industrial production, manufacturing production, and
consumer spending in both product eco-innovation and process eco-innovation. The study
also confirmed that there is a relationship between eco-innovation-related patents, mate-
rial productivity, and energy productivity with industrial production and manufacturing
production at both the EU level and Lithuania.

5. Discussion

To finish the preceding debate on the importance of eco-innovation in deciding on the
application of the concept of sustainable economic growth, it is obvious that eco-innovation
is vital for attaining sustainable growth in light of the globalization of economies and its
effect on global pollution and the use of scarce resources. Thus, eco-innovation arises as
a chance to develop sustainable technologies for production sustainability, green energy,
eco-efficiency, and consumption awareness [8-10,15,22]. Roleders et al. [44] evaluated
the main components of eco-innovation activities in achieving sustainable development.
They determined that inadequate technological infrastructure is one of the most significant
indicators of sustainable production, taking into consideration industry dynamics and
manufacturing issues. Taking into consideration the importance of ability, capability, and
the knowledge of the employees in sustainable production and growth, as well as its nexus
with technology development and its utility, companies will prioritize the recruitment of
talented personnel [45-47]. The use of eco-innovation by businesses, including the pro-
duction and application of various eco-innovations (product, process, and organizational)
that contribute to the implementation of the sustainable development principle [31,32], is a
major component of many processes that characterize a closed-loop economy. Moreover,
by leveraging the synergy effect, recognizing eco-innovation as crucial to establishing
green/circular business models can increase the socioeconomic efficiency of corporate
operations [3,35]. In Lithuania, policy makers must consider EU eco-innovation-related
directives that are adequately reflected in the legal system. Development and implementa-
tion of effective policy programs and initiatives to encourage eco-innovation while also
assisting in the establishment of new institutions and funds for the development of eco-
innovation is a must. Lithuania’s performance in eco-innovation activities is below the EU
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average. However, when resource efficiency outputs and eco-innovation activities, which
are subheadings of the Eco-IS index, are included, Lithuania does rather well in comparison
with other EU countries.

Clearly, the private sector in Lithuania has a tendency toward eco-innovative products
and processes in terms of eco-innovation activities. As a result of the technical assistance
and advice provided to businesses within the scope of ISO 14001 certificates obtained
by the private sector, it is anticipated that the positive externality of the documents will
emerge in the upcoming period and the companies’ orientation toward eco-innovation
will increase. Comparing Lithuania’s eco-innovation performance to that of EU nations
yields comparable results. In recent years, the efficiency of eco-innovation in Lithuania has
declined sharply and is already departing from efficiency [37,38]. The quantity of R&D
personnel has a considerable impact on the performance of eco-innovation. In order to
be effective in eco-innovation, it is essential to dramatically increase the percentage of
R&D personnel. However, compared with its R&D staff ratio, Lithuania spends more
on public energy and environmental R&D, which could be increased. Employment of
R&D employees in the private sector must be encouraged through reward systems and
regulatory requirements. In addition to increasing the number of researchers in public
institutions, this shortage can also be remedied by increasing their numbers. The most
significant limitation of the study is lack of research on the nexus between eco-innovation
activities in the EU, eco-innovation indicators and infrastructure in Lithuania, and its
reflection on the economic growth.

6. Conclusions

It is possible to state that eco-innovations in Lithuania encounter numerous obstacles.
On the basis of the preceding analysis, the primary implications for policymakers and
managers in Lithuania can be suggested. In Lithuania, public financing and expenditures
for research and development remain low. State, public, and private organizations must
be more involved in the financial support toward eco-innovation-related research and
effectively address the benefit for manufacturers and public interest; therefore, it is vital to
create positive awareness and effective infrastructure related to eco-innovations toward
high added value (both social and economic—eco-innovation is the improvement of a
society’s economic and environmental performance at the same time) in regard to the
corporate responsibility concept. Moreover, considering the research results, policymakers
in Lithuania should place a greater emphasis on ensuring that EU directives are adequately
reflected in the legal system. Implementation of effective policy programs and initiatives to
encourage eco-innovation while also assisting in the establishment of new institutions and
funds for the development of eco-innovation is a must. the research results indicates that the
role of the EU in this process cannot be neglected. A more effective system for sustainable
development must be established in collaboration with central government authorities,
business executives, academia, and non-governmental organizations to focused on progress
in the field of technology and processes, with an intention to reduce environmental impacts
of economic activities where every product or service generates an environmental benefit.
Lithuania’s position in addressing eco-innovation is negligible when compared with the
EU average, where eco-innovation contributes significantly to economic growth.

The utility of this study is shown in the outcome research, which highlights Lithuania’s
position among the lowest countries in terms of eco-innovation adoption, opening up
new avenues for research into the design and implementation of policies to address the
existing situation.

The uncertain market demand due to low awareness of the significant impact of
eco-innovation on employment and economic growth is a barrier that must be overcome
by applying and implementing an action plan promoting eco-innovation by developing
know-how oriented to barriers in eco-innovation activities; designing and implementing
legislation on the nexus among environment and innovation; and implementing projects
that aim to improve the environment, increasing European collaboration to promote in-
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ternal and external eco-innovation and mobilization of financial tools among EU states to
encourage eco-innovation in all possible spheres of the economy.
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