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Abstract

In the context of SDG 7 and SDG 13 of the 2030 sustainable development agenda, a new performance
indicator started to gain momentum in scientific research: the renewable energy productivity.
Understanding the drivers and the challenges of green energy productivity could help add on to the
classical focus of renewable energy research on infrastructure, technical and economic feasibility,
environmental and social impacts, by considering more the performance indicators in this field. Only
very few studies explored the influencing factors of the renewable energy productivity. Thus, this
research aims to reveal the impact of social, economic, energy, and environmental variables on the
green energy productivity. The methodological approach involves bibliometric analyses of the
literature on green energy productivity (GEP), and panel data regression models involving 16
independent variables. The main findings indicate positive effects of green taxes, female participation
in the workforce, and highly educated people on GEP, pointing out the importance of green taxation,
education, and gender equality in sustainable development. On the other side, negative relationships
of green energy productivity with economic growth, traditional energy variables, and air pollution
were found for the European Union’s member states over 2007 and 2023. The results suggest that the
analyzed European countries based their economic growth on traditional resources, with less
importance provided to the renewable resources and green technologies, as the share of renewable
resources of GDP was also negatively correlated. While private financial resources increase the green
energy productivity, questions about research and development investments, urbanization, and
diversity index are still debatable.

Keywords: renewable energy productivity; energy efficiency; net zero emissions; sustainable
development; policy; Europe

JEL: QO01; Q43; O11; C33.
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1. Introduction

Assessing energy productivity has been one way of exploring the status and the evolution of the
green energy transition [1] and the possibility of achieving sustainable development [2,3], as its
importance is directly related with the sustainable development goal (SDG) 7, which aims, among
others, to ensure sustainable energy for all, and it is indirectly associated with many other SDGs,
especially 13, 12, 9 and 8 [4,5].

Energy productivity is intensely investigated nowadays by using different research models,
among which the panel data approach with regression models, which focuses on exploring the
impact of different variables on the dependent one. In this regard, energy productivity is either part
of the influencing factors which are analyzed to observe their impact on sustainability-related
variables, such as green energy transition [1], air quality [2,3], and economic effects [6], either it is the
dependent variable which is explored to see its drivers and blockers [7,8]. For example, [7] tested the
following factors which might impact energy productivity: income, industrial value added,
investment to capital ratio, energy price, perceived energy security index of energy imports,
population growth, urbanization, female labor participation rate, and total degree-days, while [8]
looked up to renewable energy use and other types of energy sources, and income.

Moreover, understanding the drivers and the challenges of green energy productivity could help
add on to the classical focus of renewable energy research on infrastructure, technical and economic
feasibility, environmental and social impacts, by considering more the performance indicators in this
field. Recently, a new economic performance indicator is starting to be more and more discussed in
the scientific literature, namely the green energy productivity (GEP) or the renewable energy
productivity (REP) [5,9,10]. Most studies focus on the impact of GEP on environmental sustainability
[11,12]. Some publications discuss GEP in relation with the social dimension of sustainability [5],
while some research papers explore its relation with the economic aspects of sustainability [13].
However, until April 2026, the Web of Science, Scopus, and Google Scholar, the three main databases
with scientific publications on social sciences and, specifically, economics, registered scarce research
on how other influencing factors might impact the green energy productivity [9,14]. While [14]
considers a mixed method analysis with a focus on qualitative approach as its research is based on
experts’ opinions, [9] focuses on using a quantitative approach based on data panel, as in this study.
[9] considers the following variables of impact on the renewable energy productivity: domestic bank
credit, inflows of foreign direct investment, government effectiveness, the World Uncertainty Index,
labor force participation, capital formation, and non-renewable energy consumption.

Considering previously stated context, this research aims to investigate the impact of different
economig, social, and environmental macroeconomic indicators on the green energy productivity, in
order to better emphasize strategic options for achieving sustainability within the energy sector.
Panel data and regression models were used to investigate data from Eurostat.

Compared with previous scientific literature, the novelty of this study lies in the different
influencing factors considered for analysis, as well as the used methodology, which consists of
modelling regressions to determine the effects on green energy productivity. Also, several models
have been tested to emphasize the impact of different influencing factors on GEP, namely: GDP
growth, domestic credit to private sector (% of GDP), research and development expenditure (% of
GDP), diversity index of energy supply, primary energy consumption (PEC), energy price (EP), share
of energy from renewable sources (%), total greenhouse gas emissions including LULUCF (t
CO2¢/capita), total environmental taxes in GDP (%), total energy taxes in GDP (%), total taxes on
pollution/resources in GDP (%), total transport taxes in GDP (%), proportion of seats held by women
in national parliaments (%), ratio of female to male labor force participation rate (%), labor force with
advanced education as % of total working-age population with advanced education, urban
population (% of total population).

The structure of this paper is as follows. The literature review section provides quantitative and
qualitative analyses of the literature in the field. The first sub-section — 2.1. — quantitatively explores
the literature on green energy productivity by using the bibliometric technique. Then, the second
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sub-section applies a mixed methods approach by discussing the most cited, the newest, and the most
relevant research about green energy productivity, followed by the word network maps to emphasize
main themes found in the titles and the abstracts of the scientific publications on green energy
productivity. For both these two sub-sections, the information was collected from Web of Science
(WoS), a scientific database of Clarivate [15], and from Scopus, a scientific database of Elsevier [16].
While Scopus and WoS are both curated and mainly used by researchers, Scopus has a broader
coverage compared to WoS [17,18]. The search criteria for green energy productivity literature was:
“green energy productivity” OR “renewable energy productivity”. The third sub-section —2.3. —, the
final one, emphasizes the gaps in the literature on green energy productivity and presents the
research hypotheses. Further, the methodological section provides information on the data used, the
regression models, and the tests conducted before applying the panel data models. Then, the next
section presents the results and their discussion, while the conclusions section illustrates the final
remarks.

2. Literature Review

2.1. Overview of the Literature on Green Energy Productivity — Bibliometric Approach

The search inquire — “green energy productivity” OR “renewable energy productivity” OR
“productivity of renewable energy” OR “productivity of green energy” — was applied on both Scopus
and Web of Science (WoS) platforms considering the title, the abstract, and the keywords of any
document. It resulted a very low number of publications on both analyzed databases, namely only
26 papers on WoS, and 35 publications on Scopus. However, the literature on green energy
productivity has just started to pique the interest of scientists, especially since 2024 for WoS, and since
2025 for Scopus, although the first paper on this topic has been published first in 2009 on both
platforms. This increased interest is also demonstrated by the spike of publications on this topic on
the Google Scholar platform [19] since 2025, which generated 28 results, considering a more specific
search only on the titles of publications as it is the only more specific option on this platform, of which
16 documents were published since 2025 until March 2026, when the search was conducted. Also,
there were many identical papers on these 3 databases. Thus, further, the focus will be on the
publications from WoS and Scopus when conducting the bibliometric analysis.

Figure 1 illustrates the evolution of the literature on green energy productivity from Scopus and

WoS databases.
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Figure 1. The number of documents published yearly on green renewable energy on Scopus and WoS until April
2026.

In both databases, almost all papers were written in English, except one in both cases. In terms
of countries affiliated with the authors, the main geographic area where 53.85% of papers from WoS,
respectively 31,43% of publications from Scopus, came from China. On the Scopus platform, China
and India are on the first position both with the same number of publications on green energy
productivity, namely 11 [16]. The next positioned regions represented less than half of the first placed
countries, with 15.3%, respectively 14.2%, 11.4% and 11.4% of documents on WoS, respectively
Scopus, coming from India, Pakistan, Turkey, and USA, respectively from Turkey, Pakistan, and
USA. Thus, the regional interest was quite diverse, as, on average, WoS registered 1.04 documents
per country on green energy productivity, while Scopus registered 1.25 documents per country on
green energy productivity.

In terms of the document type, the majority of the papers were articles, with a percentage of
84.63% of the publications on WoS, and of 74/29% of the documents from Scopus. Other types of
papers were conference papers (proceedings), review articles, and book chapters on both databases,
while, supplementary, one editorial was registered on WoS.

In terms of the research areas, Figure 2 illustrates best the distribution of papers regarding this
issue, pointing out that the majority of the papers in both databases focused on energy sector.
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Figure 2. The number of documents on green renewable energy per research areas on Scopus and WoS until
April 2026.

Supplementary, the WoS platform also provides information about the connection of each work
with the sustainable development goals (SDGs). Thus, the majority of the papers were connected
with the following SDGs: 09 Industry Innovation and Infrastructure, 13 Climate Action, 07 Affordable
and Clean Energy, 12 Responsible Consumption and Production, and 08 Decent Work and Economic
Growth, with the percentages: 69.23%, 65.39%, 61.54%, 53.85%, and 50.00% (Clarivate, 2026). Beside
these only one or two papers were connected with the following SDGs: 11 Sustainable Cities and
Communities, 02 Zero Hunger, and 06 Clean Water and Sanitation.

Further, the first 10 publications were the same for both databases with the same number of
papers published, as it is illustrated in Figure 3.
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Figure 3. The number of documents on green renewable energy per publication on Scopus and WoS until April
2026.

The journals Renewable Energy and Utilities Policy published five and two papers, respectively,
on both databases, while the rest of the journals published one paper each. Also, there were also some
differences in journals published on the two platforms analyzed, which can be seen at the bottom of
Figure 3.

Supplementary, WoS indicates on its platform the publishers and the conference titles for the
topic analyzed, where data available. Thus, 61.5% of papers on green energy productivity were
published by Elsevier until April 2026, 11.5% documents were published by Taylor & Francis, and
7.6% of publications from WoS were published by Springer, while each of the following publishers
published one paper each: Emerald Group Publishing, Gazi University Journal of Science, Nature
Portfolio, Sage, and Wiley. Next, only two conference titles were recorded on WoS, namely: 11th
International Conference on Applied Energy, and 31st International Conference on Neural
Information Processing. This information could be useful for researchers who aim topics such as
green energy productivity.

Further, the authors of the papers on green energy productivity identified on both databases had
the affiliations from Xiamen University, Hong Kong Metropolitan University, and Ilma University,
with three papers each, while the rest of the affiliations registered two or one paper each. A total of
25, respectively, 79 affiliations were registered on the paper on green energy productivity from WoS,
respectively, Scopus, meaning an average of 0.96 affiliations per document on WoS and of 2.26
affiliations per document on Scopus.

Finally, the main funding organizations with more than one paper published in both databases
were: National Natural Science Foundation of China NSFC, and Key Projects of Philosophy and
Social Sciences Research Ministry of Education, with three and two papers each on WoS [15] and
Ministry of Education of the People’s Republic of China, and National Natural Science Foundation
of China with two papers each for Scopus [16]. A total of 27, respectively, 14 founding organizations
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were registered in the papers on green energy productivity from WoS, respectively, Scopus, meaning
an average of 1.04 sponsors per document on WoS and of 0.40 sponsors per document on Scopus.

2.2. Main Themes from the Literature on Green Energy Productivity

This section provides a mixed method analysis of the literature on green energy productivity by
using the bibliometric technique and the word cluster analysis. First, the most cited papers, the
newest documents, and the most relevant publications from WoS and Scopus until April 2026 are
being discussed. Then, a word cluster analysis for the title and the abstract of these documents is
being conducted by using the VOSviewer software, versions 1.6.18 [20-22].

Following the same inquiring criterion, namely “green energy productivity” OR “renewable
energy productivity”, on the two analyzed platforms, Web of Science and Scopus, the most cited
publications about green energy productivity are presented in Table 1.

Table 1. The most cited publications about green energy productivity on Web of Science (WoS) and Scopus
databases until April 2026.

Top - hierarchy =~ Number of citations The most cited publications on green energy

productivity Publication year
(until April 2026)
Zhao, |, Sinha, A., Inuwa, N.,, Wang, Y.,
Murshed, M., & Abbasi, K. R. (2022). Does

WoS Scopus WoS Scopus

structural transformation in economy impact
1 1 103 107 2002
inequality in renewable energy productivity?
Implications for sustainable development.
Renewable Energy, 189, 853-864. [5]
Orlov, A, Sillmann, J., & Vigo, L. (2020).
) NA - NA Better seasonal forecasts for the renewable 2020
energy industry. Nature Energy, 5(2), 108-110.
(23]
Cevik, E. I, Yildirim, D. C., & Dibooglu, S.
(2021). Renewable and non-renewable energy
3 2 65 67 consumption and economic growth in the US: 2021
A Markov-Switching VAR analysis. Energy &
Environment, 32(3), 519-541. [24]
Cui, Q., He, L., Han, G., Chen, H., & Cao, J.
(2020). Review on climate and water resource
4 3 52 62 implications of reducing renewable power 2020
curtailment in China: A nexus perspective.
Applied energy, 267, 115114. [25]
Park, G. L., Schifer, A. 1., & Richards, B. S.
(2013). Renewable energy-powered
membrane technology: Supercapacitors for
5 4 49 60 buffering resource fluctuations in a wind- 2013
powered membrane system for brackish
water desalination. Renewable energy, 50, 126-

135. [26]
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Mandal, K. G., Hati, K. M., & Misra, A. K.
(2009). Biomass yield and energy analysis of
6 5 43 52 soybean production in relation to fertilizer- 2009

NPK and organic manure. Biomass and
bioenergy, 33(12), 1670-1679. [27]
*NA —not available.

The highest cited paper [5], presented on both analyzed databases, used the REP to determine
an indicator of inequality in renewable energy productivity, which was investigated in relation with
employment, trade openness, conflicts, TFP (total factor productivity), and economic complexity
index. The main results suggest that structural transformation and technological innovation lower
inequality in renewable energy productivity, while economic complexity index stimulate the increase
of inequality and trade openness indicated statistically insignificance, by using a data panel for some
OECD countries [5].

Additionally, the newest publications about green energy productivity on Web of Science (WoS)
and Scopus databases in March 20, 2026, are presented in Table 2.

Table 2. The newest publications about green energy productivity on Web of Science (WoS) and Scopus
databases until April 2026.

The newest publications on green energy productivity (until April
2026)
Rafipour, F., Tabibian, M., & Saati, M. (2026). An Al and multi-criteria

framework for siting renewable energy systems enhanced by graphene 0

Citations

photovoltaics in a coastal City. Energy Informatics, 9(1), 40.
Aggarwal, S., & Mahalik, M. K. (2026). The influence of domestic bank
credit and FDI inflows on renewable energy productivity: an analysis of
developing Asian economies. Asia-Pacific Financial Markets, 33(1), 95-
118.

Shahbaz, M., Eti, S., Yiiksel, S., Dinger, H., & Cirak, A. N. (2026). A

Scopus multi-criteria decision-making framework for enhancing renewable 1

energy productivity. Renewable Energy, 124990.

Aggarwal, S., & Mahalik, M. K. (2026). The role of urbanization in fossil
fuel demand of developing Asian economies: understanding the
moderating effect of renewable energy productivity. International

Journal of Ambient Energy, 47(1), 2623005.

Aggarwal, S., & Mahalik, M. K. (2025). The nexus of urbanization and
renewable energy productivity: implications for sustainable
development in developing Asia nations. International Journal of Energy
Sector Management, 19(6), 1406-1426.

Shahbaz, M., Eti, S., Yiiksel, S., Dinger, H., & Cirak, A. N. (2026). A

multi-criteria decision-making framework for enhancing renewable 0

WosS energy productivity. Renewable Energy, 124990.
o
Lin, B, & Zhang, A. (2025). Digital finance and total factor productivity
of renewable energy enterprises: role of capital reallocation and supply 0

chain optimization. Applied Economics, 1-16.
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Soto, G.H., Zambrano-Monserrate, M. A., Pilatin, A., & Martinez-Cobas,
X. (2025). Energy resource productivity and environmental quality: A
quantile-on-quantile study of Latin America from 1990 to 2022. Utilities
Policy, 95, 101944.

Yaman, H. Measuring renewable energy productivity in EU countries

with the Hicks-Moorsteen index. Journal of Polytechnic - Politeknik 0
Dergisi, 29(4):290406:1-7.
Yan, X,, & Raza, M. Y. (2025). Decoupling the traded coal and its factors
under the sustainable energy changeover in South Korea. International 4

Journal of Coal Preparation and Utilization, 1-21.

Table 2 indicates only one common study found in the top five newest publications about green
energy productivity on both databases. This study [14] revels the main factors which could stimulate
renewable energy productivity for BRICS countries, among which was found: the quality of
technology and infrastructure, energy storage capacities, financial support, high investments in R&D,
specialized and trained personnel, and good management of risks.

Also, some of these newest studies are the most relevant for this research.

Thus, one of these recent studies and the most relevant paper on the topic [9] investigates the
impacts of domestic bank credit, inflows of foreign direct investment (FDIi), government
effectiveness, the World Uncertainty Index, labor force participation, capital formation, and non-
renewable energy consumption on the renewable energy productivity by using Generalized Method
of Moments (GMMs) estimation technique for a data panel of 23 Asian countries during 1996-2020.
Its main results suggest that effective government, labor force participation, capital formation, non-
renewable energy consumption positively influenced renewable energy productivity, while world
uncertainty influenced it negatively [9]. Additionally, at robustness checks, the impacts of domestic
credit bank, of FDIj, of the cumulative effect of domestic credit bank with world uncertainty (BCWU),
and the cumulative effect of FDIi with world uncertainty (FDIWU) on renewable energy productivity
were statistically insignificant, although the the domestic credit bank and the BCWU seemed to
register a positive influence, and FDIi and FDIWU appeared to have negative ones [9].

Another one of these recent studies [28], presented in Table 2, considers renewable energy
productivity (REP) as an independent variable to test its impact on fossil fuel demand. The main
results of this study [28] suggest that REP, and the cumulative effect between urbanization and REP
reduced fossil fuel demand in 20 Asian countries during 1996-2020. Also, considering another study
from the top of the newest publications [12], renewable energy productivity seemed to stimulate as
well the achievement of the sustainable development goals, by registering a positive impact on SGD
score.

Another one of the newest publications [29] focused on investigating Chinese listed renewable
energy companies during 2007-2021 to find out that digital finance stimulates the TFP of these
companies. Additionally, an EU focused study [10] measured REP between 2013 and 2022, by
comparing the energy efficiency of different member states. Further, another approach [30]
investigates REP as a decoupling factor of CO2 emissions for South Korea over 1990-2023, indicating
its low contribution on pollution.

Next, the most relevant five publications about green energy productivity on Web of Science
(WoS) and Scopus databases in March 20, 2026, were the same for both platforms, as presented in
Table 3.
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Table 3. Top relevant publications about green energy productivity on Web of Science (WoS) and Scopus
databases until April 2026.

Top Number of citations Relevant publications on green energy Publication
WoS Scopus productivity (until April 2026) year
Aggarwal, S., & Mahalik, M. K. (2026). The
influence of domestic bank credit and FDI inflows
1 1 2 on renewable energy productivity: an analysis of 2026

developing Asian economies. Asia-Pacific Financial
Markets, 33(1), 95-118. [9]
Soto, G.H. (2024). Long run renewable energy
) 1 1 productivity, carbon capture patents and air 004
quality in Taiwan. Journal of Environmental
Management, 351, 119925. [11]
Yang, X., Zhou, H., & Gao, J. (2025). Enhancing
renewable energy productivity and energy
3 8 9 efficiency of energy projects: How does cost of 2025
capital influence?. Energy Strategy Reviews, 57,
101608. [13]
Zhao, J., Sinha, A., Inuwa, N., Wang, Y., Murshed,
M., & Abbasi, K. R. (2022). Does structural
4 103 107 transformation in economy impact inequality in 2002
renewable energy productivity? Implications for
sustainable development. Renewable Energy, 189,
853-864. [5]
Aggarwal, S., & Mahalik, M. K. (2025). The nexus
of urbanization and renewable energy
productivity: implications for sustainable
5 3 5 2025
development in developing Asia nations.
International Journal of Energy Sector Management,

19(6), 1406-1426. [12]

The most relevant one [9] delves into financing impact on green energy productivity and it was
previously discussed above. This study is the only research which considers green energy
productivity as a dependent variable considering a panel data approach, as in our study. However,
this research used the regression analysis for estimating the influencing factors of renewable energy
productivity (REP), while the reference [9] used the Generalized Method of Moments (GMMs)
technique. The second research from Table 3 [11] explores the relationships of REP with air emissions,
fossil fuel energy productivity, and GDP, finding no statistically significant and obvious relationship
between REP and air emissions, at least not on the short-term. The third positioned paper from Table
3 [13] explores the microeconomic level related with energy projects by considering the cost of capital
and other influencing factors on REP in China between 2009 and 2023, indicating a negative
relationship between the cost of capital and REP. The last two papers from the top five most relevant
research on green energy productivity were previously presented above.

Further, the word cluster analysis was performed on Scopus research on the analyzed topic and
Figure 4 illustrates the word network map, which included all terms from the title and the abstracts
of all Scopus publications about green energy productivity that occurred at least 5 times.
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Figure 4. Main themes of green renewable energy research found in titles and abstracts from Scopus until April
2026. Made with VOSviewer.

Considering the criterion of five times the occurrence of a term, 57 words were found and
illustrated in Figure 4, indicating the most used topics in this field, namely: renewable energy
productivity and study — with an occurrence of 44 times each, productivity and renewable energy —
with 37 and 36 occurrences, system — with 29 occurrences, factor and analysis — with 20 occurrences
each, investment, efficiency, technology, impact, role, NPK, China, reduction, country, TFP (Total
Factor Productivity), renewable energy production, economy, effect, biomass, renewable energy
enterprise, sustainable development — with occurrences between 11 and 19, and education, research,
context, capital, and transition — with 10 occurrences each.

VOSviewer generated three word-clusters for the 57 analyzed terms, focusing on: sustainable
development pillars and structural transformation — the blue cluster, transition towards renewable
energy companies and drivers — the green cluster, and transition towards green agriculture and
technological advancement for green transition — the red cluster.

Finally, this word-cluster analysis is in line with previous content discussion of the most cited,
the most relevant, and the newest papers on green energy productivity.

2.3. Gaps and Development of Hypotheses

As previously seen, the research about green energy productivity was at an early stage in April
2026, with an increased interest from researchers on WoS, Scopus, and Google Scholar. The present
research aims to reveal the drivers and blockers of green energy productivity.

The hypotheses of this research are presented in next part of the article, following several
directions:

H1. The economic variables affects in a positive way the green energy productivity as European
countries have goals in terms of environmental protection. Moreover, climate neutral aim exists
among the EU countries which provides evidence that more green technologies are used. Thus, GDP
growth (annual %) (GDP_GROWTH), Domestic credit to private sector (% of GDP (XDCPS), and
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Research and development expenditure (% of GDP) (XRDE) should encourage the of green energy
productivity

H2. The social development of a country (Proportion of seats held by women in national parliaments
express in % (XSW), Ratio of female to male labor force participation rate (%) (XLF), Labor force with
advanced education as % of total working-age population with advanced education (XLTE), Urban
population (% of total population (XURP)) contributes to the increase of green energy productivity
as women and tertiary education are more included for sustainable development and as cities and
industry are propensity inclined to green development.

H3. The variables that are linked with traditional sources, such as primary energy consumption
(PEC), energy price (EP) and Total greenhouse gas emissions including LULUCF (t CO2e/capita
(GHG_WITH_LULUCF) should decrease the value of green energy productivity. Their increase
should make countries implementing more green policies, providing tax facilities and other
advantages for the one who use renewable energy and green technologies.

H4. The variables that are link with the adoption and the utilization of renewable sources (such as
Diversity index of energy supply (DIVERSITY_INDEX), Share of energy from renewable sources (%)
(XER), Total energy taxes in GDP (%) (XET),) should encourage the production of green energy and
thus, should increase the green value added to GDP.

H5. As the EU countries emphasize the adoption of green policies though environmental taxes (Total
environmental taxes in GDP (%) (XENVT), Total taxes on pollution/resources in GDP (%) (XTP), Total
transport taxes in GDP (%) (XTT)) sustainable and green growth can be ensured and thus, the level
of green energy productivity increases.

3. Materials and Methods

The present research aims to reveal the impact of different economic, social, and especially
environmental factors on the green energy productivity, in order to better emphasize strategic
options for achieving sustainability within the energy sector.

This study looks forward to present two types of analyses. The first one, emphasizes the link
between different economic, social, and especially environmental macroeconomic variables and the
green energy productivity, using a panel model approach on the 27 European Countries. The analysis
takes into account data from 2007-2023, because of the lack of information for the analyzed variables
for 2024. Second, the found public policy correlations were retested using combine variables in panel
model. The second approach takes into account only environmental variables and economic growth
in order to emphasize on what public policies should focus for increasing the value of green energy
productivity.

The period on which the analyses were conducted was based both on data availability and on
the fact the in 2007 Romania and Bulgaria became members of the European Union. After that, only
Croatia joined the European Union in 2013, while the United Kingdom left it in 2020. As a fact the
number of countries that were taken remained constant at 27. This ensures unity and comparability
in data.

The estimation of the regression models has been done with EViews, based on data from
Eurostat, World Bank, and own calculation variables, as summarizes in Table 4.

Table 4. Information on the variables included into the analysis.

Name of the variable and Unit of

Variable’s code Source
measurement
Green energy productivity, Own calculation based on
ENER_PROD_REAL or GEP_REAL Thousand tonnes of oil equivalent  Eurostat: Gross available
& per comparable million euro & energy - renewables and
ENER_PROD_PPS or GEP_PPS Thousand tonnes of oil equivalent biofuels [31] and Real GDP or
per million PPS PPS GDP [32]
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Eurostat [33]

EP_adjusted

Energy price (US$), the variable
was adjusted with Harmonized
Price Consumption Index

US Energy Information
Administration [34]

GDP_GROWTH

GDP growth (annual %)

World Bank Group [35]

GHG_WITH_LULUCF

Total greenhouse gas emissions
including LULUCF (t CO2e/capita)

World Bank Group [35]

Primary energy consumption

PEC E tat [36
(million tons of oil equivalent) urostat [36]
Domestic credit to private sector
XDCPS World Bank G 35
(% of GDP) orld Bank Group [35]
Total environmental taxes in GDP
XENVT Eurostat [37]
(%)
Share of energy from renewable
XER Eurostat [38]
sources (%)
XET Total energy taxes in GDP (%) Eurostat [37]
Ratio of female t le labor f
XLF atio ot femae o Ma'e POTIOTCe  world Bank Group [35]
participation rate (%)
Labor force with advanced
ducation (% of total king-
XLTE education (% of total working-age 14 gk Group [35]
population with advanced
education)
R h and devel t
XRDE esearch and deveropmen World Bank Group [35]
expenditure (% of GDP)
P ti f seats held
XSW rol?or 101_1 ot sea S_ eld by women World Bank Group [35]
in national parliaments (%)
XTP Total taxes on pollution/resources E tat [37]
r
in GDP (%) HrosH
XTT Total transport taxes in GDP (%) Eurostat [37]
Urb lation (% of total
XURP rban population (% of tota World Bank Group [35]

population)

Source: own processing from Eurostat, World Bank, and the US Energy Information Administration

databases, 2026.

In order to reveal the influence of several social, economic and environmentally factors on the

level of green energy productivity (GEP), the analysis was conducted using panel model techniques.
That means that data for 27 European Countries data was collected from 2007 to 2023. Panel models
look both at time specific characteristics and countries’ specific characteristics and facilitate the
increase of the number of data observation n included into the analysis. Initially, the data was
estimated using the model presented in equation (1)
EP—Realit = Ait + Z Bit * EnerQYVariables + Z Nit * Enviromentalvariubles + Z Yie * SOCialvariables
+ Z 8t * Economicygrigpies + €ir (1)

where

Energyyariapies are elements that include: Diversity index of energy supply
(DIVERSITY_INDEX), primary energy consumption (PEC), energy price (EP), Share of energy from
renewable sources (%) (XER), Total energy taxes in GDP (%) (XET);

Enviromental g iqpes are Total greenhouse gas emissions including LULUCF (t CO2e/capita
(GHG_WITH_LULUCF), Total environmental taxes in GDP (%) (XENVT), Total taxes on
pollution/resources in GDP (%) (XTP), Total transport taxes in GDP (%) (XTT);

Social,grigples are variables that are link with social features that a country has, such as
Proportion of seats held by women in national parliaments express in % (XSW), Ratio of female to
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male labor force participation rate (%) (XLF), Labor force with advanced education as % of total
working-age population with advanced education (XLTE), Urban population (% of total population
(XURP);

Economicygyigpres are variables that are link with economic characteristics of the country such
as GDP growth (annual %) (GDP_GROWTH), Domestic credit to private sector (% of GDP (XDCPS),
Research and development expenditure (% of GDP) (XRDE).

i—1is a proxy for cross section information; t- is a proxy for time information;

&;; is the combined errors of both cross estimation and time one and it includes other factors that
might affect the green energy productivity.

The study provides novelty in terms of the factors which can affect the green energy
productivity. At such, the study looks at the price of non-renewable energy, such as the oil price, as
it can increase the necessity of producing green energy and, thus, forcing countries to focus more on
green energy productivity rather than traditional one. The computation of this variable uses the
methodology proposed by the reference [39]. Coban and Topcu (2013). They suggest that the price of
reporting Barrel Oil has to be adjusted with the consumer price index for each Member State.

The panel data model was done based on the recommendations provided by Wooldridge (2002).
The analysis is made using several steps.

Step 1. Information about the descriptive statistics of the variable included into the analysis is
presented.

Step 2. Each data series was tested for stationarity. The conducted stationary tests were related
with testing stationary with trend and intercept, testing stationary only with intercept and testing
stationary with none of these features. The third case (testing stationary without trend and intercept)
does not have economic relevance and this could be the reason for which many of the analysed data
were stationary in level. The stationary process was conducted with Dickey and Fuller’s (1981) , ADF
(Phillips and Perron, 1988) , Breitung, 2000). Levin et al. (2002), Im et al. (2003) tests and the data
series was accepted to be stationary when no unit root exists both at individual and panel approach.
The stationarity process is obtained by making the first difference. For some variables, such as URP
(urban population of total population), XET (Total energy taxes in GDP), XENVT (Total
environmental taxes as GDP) the first difference hasn’t solved the stationarity problem, mainly
because of the Breitung t-test. Related with this, reference [40] Moon and all (2006) emphasize in their
research that the Beitrung test has a lower rate of rejecting the null hypothesis than the initial values.
Starting from this assumption, we considered that this data series were also stationary in the first
difference. The aim was to reveal if this additional environmental indicators can increase the value
of green energy productivity, while urbanization can decrease it. Actually, we look at the economic
relevance of this indicators together with their possible relationship with green energy productivity.

Step 3. Granger causality tests were conducted in order to reveal if the link between independent
variables and green energy productivity is one-way direction causality of or if is bidirectional
causality. For testing this short term relationship, a number of 3 lags were taken into account.

Step 4. The correlation matrix was created and the correlation relationships were analyzed. If
the correlation coefficient was about 0.3 then the variables were included in different models. High
correlation between variables creates biased results, which could be doubtful both from the statistical
point of view and from the economic one.

Step 5. The panel data analysis was conducted starting with the pool models. Each model was
tested, afterward, for different effect significance. Thus, the relevance of fixed effects, random effects
or omitted random effects was tested and the results were pointed out in the results section. The fixed
effect model emphasizes in its null hypothesis that there is no statistically difference between
countries or time period. Its alternative hypothesis reveals that the effects are statistically significant
belong countries or/and time period. After testing for country’s particularities, the Random effect was
measured. It was tested with the Hausman test. The Hausman null hypothesis considers that both
the fixed effect model and the random effect model are consistent estimators, but only the random
one approach is efficient. The alternative hypothesis of this test is that only the fixed approach is
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consistent. The problem with the random effect model is that this assumption considers that the
variables are statistically independent from each other, which in economic world this is quite
impossible. If the random effect model was chosen than Omitted Random effect-The LaGrange
Multiplier was applied. Its null hypothesis that no significant panel- level heterogeneity exists, which
means pool model is reliable, while its alternative hypothesis considers that significance random
effect exists, which enquire the random model to be used. Each model was testes for
heteroscedasticity and autocorrelation. If they exist, the model was adjusted with the robustness
analysis, where generalized least square method was used and the correlation matrix was adjusted
in order to avoid both heteroscedasticity and autocorrelation. When the number of periods is smaller
than the number of cross country data, the results could be adjusted with Period SUR or period
Weights within the generalized least square method. While period weights is recommended, the
problems related with missing data, generated a smaller period on which the analysis was conducted.
Thus, the correlation of heteroscedasticity and autocorrelation is done by using the Period SUR, as
the other one provided unreliable economic data. The used methodology implies that there is a
general correlation among different period of time for specific country clustering. While correction of
heteroskedasticity and general autocorrelation of observations within a country was done, the lack
of totally autocorrelation could not be avoided. Regarding, the correlation matrix, the robustness
analysis used the White period method of estimation it. This method emphasizes that a cross-
sectional correlation exists between the series errors and tries to readjust it by grouping the data at
cross country level.

Step 6. After the main influence of economic, environmental, social and energy variables was
found on energy productivity, additional analysis was conducted. The purpose was to reveal if
energy and environmental variables do affect the green energy productivity, both in terms of real
values and in terms of purchasing power parity. Thus, for each variable, additional correlation matrix
was done between Green energy productivity measured in real values of Purchasing power parity,
the economic growth, the energy or environmental variable and the mixed effect between economic
growth and environmental or energy proxy. The model were tested using equation (2) or (3)

EPreai;, 07 EPpps,,
= )]-it + ﬁit * Energ%;ariable + Nit * Energyvariable * grOWthgdp + Vit * grOWthGDP
+ & (2)
EPrea1;; 07 EPpps,,
= Aie + Bir x Enviromental,grigpie + Mi * Enviromental,grigpie * growthgay, + vie
* growthgpp + € (3)
where

Energyyariapies are elements that include Share of energy from renewable sources (%) (XER),
Total energy taxes in GDP (%) (XET);

Enviromental g iqpes are Total greenhouse gas emissions including LULUCF (t CO2e/capita
(GHG_WITH_LULUCF), Total environmental taxes in GDP (%) (XENVT), Total taxes on
pollution/resources in GDP (%) (XTP), Total transport taxes in GDP (%) (XTT);

i—is a proxy for cross section information;

t- is a proxy for time information;

&;; is the combined errors of both cross estimation and time one and includes other factors that
might affect the green energy productivity.

The methodological approach could be improved by presenting the link between public policies
and green energy productivity.

4. Results and Discussions

The aim of the research is to present ways is which green energy productivity can be improved
at European country’s level. The results aim to be useful for academic purpose, but more importantly,
they can provide policy guidance at European Level for ensuring zero carbon emissions till 2050. In
order to achieve the objective of this research in finding which of the encountered economic, social,
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environmental and energy variable do affect the green energy productivity, firstly the descriptive
statistic of the variables was done. The information is found in Table 5.

Table 5. Descriptive statistics of variables included into the analysis.

Indicator GEP REAL DIVERSITY_ GHS_WITH_ GDP_GROWT
- GEP_PPS INDEX EP_AJUSTED LULUCF H
Mean 143.88 148.66 0.20 79.27 132.64 1.85
Median 45.13 63.32 0.18 74.33 59.59 2.09
Maximum  10570.63 10193.02 0.55 138.85 957.10 24.62
Minimum 12.68 14.64 0.12 41.82 -1.95 -16.04
Std. Dev. 776.47 748.82 0.08 25.06 194.02 4.03
Skewness 12.17 12.17 2.07 0.23 2.50 -0.24
Kurtosis 153.21 153.12 8.11 1.83 9.50 7.10
Number of
observatio
ns 486 486 432 459 459 486
PEC XDCPS XENVT XER XET XLF
Mean 50.59 84.99 2.66 20.10 2.01 79.59
Median 23.20 80.54 2.52 17.48 1.92 80.98
Maximum 320.80 254.67 5.60 66.39 4.81 91.02
Minimum 0.70 23.05 0.85 0.18 0.51 47.40
Std. Dev. 71.13 42.93 0.74 12.03 0.59 6.64
Skewness 2.22 1.27 0.63 0.98 0.89 -1.38
Kurtosis 7.24 5.04 3.20 3.99 4.76 6.32
Number of
observatio
ns 459 448 459 459 459 459
XLTE XRDE XSW XTP XTT XURP
Mean 78.65 1.59 27.11 0.13 0.51 72.87
Median 79.07 1.34 25.83 0.07 0.43 71.28
Maximum 89.57 3.73 47.28 0.94 2.11 98.19
Minimum 66.68 0.38 8.70 0.00 0.02 51.98
Std. Dev. 3.88 0.89 10.24 0.18 0.36 12.80
Skewness -0.02 0.63 0.14 2.53 1.01 0.21
Kurtosis 2.56 2.22 1.94 10.19 3.94 2.02
Number of
observatio
ns 455 432 459 459 459 459

Source: Own computation using Eviews, 2026.

Regarding the information found in Table 5, several characteristics are revealed. First of all, in
the energy category, it can be observed huge differences between share of energy from renewable
sources (%) (XER) between countries. While the maximum value of share of energy from renewable
sources (%) is 66.39% in Sweden in 2023, the minimum value is found in Malta, in 2008, of 0.18%. It
can be observed that there is a high diversity of using or not using the energy from renewable sources
which suggest that countries don’t have a common public policy regarding the need of renewable
resources. While the average increases from 13.63% in 2007 to 27.22% in 2023, the data still presents
important difference between countries. From the initial data, it can be observed that countries such
as Sweden, Denmark, Finland, Latvia, Estonia have the share of energy from renewable sources
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higher than 40%, while countries such as Belgium, Czech Republic, Hungary, Ireland, Italy,
Luxembourg, Malta, Netherlands, Poland and Slovakia still have main values under 20%, even if we
consider 2023 data. Regarding the variable: total energy taxes in GDP (%) (XET). It can be observed
that the minim value was 0.51% in 2014 in Ireland and the maxim value was registered in Poland in
2015, of 4.81%. Doing comparison between years, in 2007, the average of this indicator is found to be
1.59%, while in 2023, its average value reach 1.66%. This suggests that the data is quick uniform, so
no important increases were done in terms of total energy taxes in GDP. The data reveals the difficulty
to pass from conventional energy sources to renewable ones. Regarding the values of diversity index,
there is a trend in decreasing it, which suggest the increase in the variety in countries’ energy sources.
At such, the average value for 2007 was 0.21, while the average value for 2022 is 0.18. On the other
hand, the maximum value is found in Malta of 0.55 in 2014, and the minimum value is found in Czech
Republic in 2021. The problem with this indicator is that it presents variety in countries’ energy
sources, but it does not make a difference if the country has more or less renewable sources than other
countries. For the analysis, it can be observed that energy price varies between 41.82$ in Austria in
2010 to 138.84% in Luxembourg in 2017. Average value is found around 79.27$. A particularity of this
indicator is that the average seems to be reliable for all countries, their individual values being around
the mean. No significant differences were observed for 2027-2023 at European Level. Primary energy
consumption (PEC), expressed in million tonnes of oil equivalent has the highest value in France in
2013, of 320 million tonnes of oil equivalent, while the minimum values were found in Malta and
Romania in 2018 of 0.7 million tonnes of oil equivalent. The 2018 year seems to be the one with the
minimum values at European level, with 4.49 million tonnes of oil equivalent as average, while 2013
seems to be the one with the highest average, of 252.4 million tonnes of oil equivalent. The average
at European level, for the period encountered, is 50.59 million tonnes of oil equivalent

Regarding environmental variables, we firstly present the characteristics for Total
environmental taxes in GDP (%) (XENVT), Total taxes on pollution/resources in GDP (%) (XTP), Total
transport taxes in GDP (%) (XTT). As a fact, Total environmental taxes in GDP (%) (XENVT) have an
average value of 2.66%, with a minimum value being found in Poland in 2015, of 0.85% and with a
maximum value being found in Ireland in 2014, of 5.6% in terms of yearly values, in 2027. The average
at the Level of European Union was 2.44%, while in 2023 is 2.08% which proves that they are not a
main variable though which sustainable development is encouraged. Around average values are
countries such as Austria, Belgium, Croatia, Romania, Sweden, while above average values are:
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland and
Italy. All the others are below average values, if we consider individual country’s analysis.

Small share related to GDP have both Total taxes on pollution/resources in GDP (%) (XTP), Total
transport taxes in GDP (%) (XTT). Total taxes on pollution/resources in GDP (%) (XTP) have an
average value of 0.13%, while Total transport taxes in GDP (%) (have an average of 0.51%. The
minimum values for total taxes on pollution/resources in GDP (%) (XTP) could be 0.01% and 0% in
several countries and years, while the maximum value was found in Spain and Slovenia of 0.94% in
2008. Other high values were registered in Sweden in 2008 of 0.92% and in Czech Republic and
Denmark in 2009, of 0.89%. On the other hand, when total transport taxes in GDP (%) (XTT) were
analyzed, we observed that the minimum values were found in Netherlands and Poland, in 2010, of
0.02%, while the maximum, was in Portugal, in 2011, of 2.11%. The average value of this indicators is
0.51%.The data revealed that countries do not have important environmental and energy’s policies
on which sustainable development is conducted. Other important variables is Total greenhouse gas
emissions including LULUCF (t CO2e/capita (GHG_WITH_LULUCEF). Average value at European
Union for 200 7-2023 is 132.64 (t CO2e/capita), with a maximum high of 957.1 (t CO2e/capita) in
Finland in 2013, and with a minimum value of -1.95 (t CO2e/capita) in Luxembourg in 2023. Below
average values, for the entire period, are countries Denmark, Estonia, Germany, Greece, Hungary,
Ireland, Italy, Latvia, Lithuania, Luxembourg and Spain.

Other types of data were also taken into consideration are social variables. From the point of
view of social variables, we considered the proportion of seats held by women in national parliaments
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express in % (XSW). The average in 27.11%, with maximum value found in Greece, Romania, Slovakia
and Slovenia in 2018around 47%, while the minimum values were detected in 2018, In Germany,
Greece, Hungary, Ireland and Italy of 8.69% Regarding the variable Ratio of female to male labor
force participation rate (%) (XLF), the average is 79.59%, with the minimum value found in France in
2018 of 47.40% and the maximum was in Luxembourg in 2012 with 91.01%. Another variable that
was part of the analysis was Labor force with advanced education as % of total working-age
population with advanced education (XLTE). We observed that the average value is 78.65%, with the
lowest one found in Estonia of 66.68% and the highest one being in Spain of 89.56%. in this case, the
average seems to be relevant for all countries, as the analysis conducted at country level, prove that
there are small fluctuations related with the mean of 1 percentage point. On the other hand, when we
look at Urban population (% of total population (XURP) we could observed significance differences
among countries. Thus the maximum values was found in Czech Republic and Denmark in 2008 of
98.1% , while the minimum values were presented in Croatia and Cyprus of 51.9% and 52.2% in 2022.

The last category on independent variables is part of the economic field. The most significant is
the GDP growth (annual %) (GDP_GROWTH). The results reveal that negative values were
registered during economic crisis in 2007-2009, while important and significant values were detected
afterwards. The highest one was in Ireland in 2015, of 24.61%, Followed by Malta of 9.62% also in
2015. One variable that was included also other research papers is Domestic credit to private sector
(% of GDP (XDCPS), with minimum values found in Hungary of 23.05% in 2021 and the maximum
value being registered in Poland, in 2009, of 254.6%. Average for this indicator is 84.9%, with highest
value above 90% being found in Denmark, Estonia, Portugal, and Romania. The last variable is
Research and development expenditure (% of GDP) (XRDE). Its average is 1.58%, with highest values
in 3.73% in Croatia in 2012 and smallest value also in Croatia of 0.38% in 2021. This reveals that the
expenditures related with research and development are less important at European level.

After the descriptive statistics was conducted, the correlation matrix was constructed. The
results are presented in Figure 1.

Probability D_ENER_PD_ENER_F D_DIVERS D_EP_ADJUSTED D_GHS_W GDP_GROPEC ~ D_XDCPS D_XENVT DXER DXET DXLF DXLTE DXRDE DXSW DXTP DXTT DXURP
D_ENER_PROD_REAL 1

D_ENER_PROD_PPS  0.9985*** 1

D_DIVERSITY_NDEX ~ -0.0005 -0.0161 1

D_EP_ADJUSTED 00559 00525 00158 1

D_GHS_WITH_LULUCF  -00141 -0.041 00345 0.0279 1

GDP_GROWTH -0.069  -0.058 -0.1569** -0.0107  -0.0406 1

PEC 0017 -00159 -0.0066 00269 0012 0.0261 1

D_XDCPS 0.1703°* 0.1606*** 0.1322** 0.1166** 0.0262 -0.1541%* -0.0242 1

D_XENVT 00584 00569 00566 -0.0426 -0.1131**  -0.0087 -0.01710.1936*** 1

D_XER 00024 00011 00377 0043 00122 -02277** 00077 00167 -0.0189 1

D_XET 00111 00128 -00186 -00333 00277 00199 0006 01719 0.74***  -0.0313 1

D_XLF 00271 00254 00575 -0.0358 -0.0865 -0.0053 -0.0002 00581 -0.064 001287 -0.0561 1

D_XLTE 00877 00806 00733 00292 -02621%*  -0.084 -0.0052 0.4043*** -0,14394 0054157 -0.36821 0.138166 1

D_XRDE 00671 -0.068 0.1197* -0.034 03449 00499 -0.0152 0.1192** -0.0171 -0.0262 -0.1376"* 0.4300*** -0.1855** 1

DXSW 0.0479 -0.0472 00556 -0.1022* 03423%* 00517 0007 0.0759 0.1187°** -0.0283  0.0472 0.4625%** -0.1481%* 0.7411%** 1

D_XTP 0055 0052 007 -0.0404 01253 00442 -0.0040.1273*% 05079***  0.0116 0.1396%* 0.1828*** 0.1242"*  -0.0888 -0.0191 1

D_XTT 0.0708  0.0668 0.101* -0.0118 -0.2041**  -0.0287 -0.04 0.5817*** 0.4915***  0,0071 -0.1280** -0.1166** 0.2421%** 0.2184*** 0.1615*** 0.3163*** 1
D_XURP -0.016 -0.016  0.0879 -0.0447  0.0306 0.1660***  -0.0202 0.1733***  0.0502 -0.1091* -0.1031* -0.071  -0.0924 0.3322*** 0.3346*** -0.1512** 0.3227***

Source own computation, using Eviews 9, 2026

Note ***** * provides significance at 1%, 5% and 10%. Red colour indicates high correlation
coefficients (above 0.4); green colour indicates small correlation coefficients (below 0.3); blue colour
indicates correlation coefficients between 0.3 and 04., where
D_ENER_PROD_REAL=D_GEP_REAL and D_ENERGY_PROD_PPS=D_GEP_PPS

Figure 1. Correlation matrix.

The correlation matrix is important as high correlation between variables creates biased results,
which could be doubtful both from the statistical point of view and from the economic one. Due to
this feature, only variables that were less correlated were presented into the same model. The level
of correlation on which analyses were conducted is below 0.3.

As the data analyzed are less correlated, Table 6 aims to present the results of our estimation.
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Table 6. The impact of energy, environmental, social and economic variables on green energy productivity.

Dependent variable D_GEP_REAL

model model model model model model model model model model model
Variable 1 2 3 4 5 6 7 8 9 10 11
- - 0.2519 - 1.8333  4.1186 - - 10.814 -
43671 9.6391 (p=0.94 3.3187 (p=0.6 (p=0.1 7.3690 8.7402  5.0653 1 6.8155
Constant * - 47) - 218) 188) - — * e —
D_DIVERSI 0.2227  0.1657 0.0973 0.1359 0.0293
TY_ (p=0.3 (p=0.4 1.2516 (p=0.6 (p=0.4 (p=0.7
INDEX *100 682) 145) o 970) 344) 512)
0.0368
D_EP_ADJU 0.0486  0.0980 (p=0.1 0.0590 0.0932
STED * *% 418) *%% *
D_GHG_WI - 0.0004 -
TH_ 0.0067 (p=0.5 0.0036
LUCUCF e 229) e
- - 0.6433 - - -
GDP_GRO 14523 1.8174 (p=0.1  1.6677 1.3739 1.7512
WTH e o 979) ok ok ok
1.0808 - - -
(p=0.1 2.8975 1.9223 3.0571
LOG(PEC) 731) * * o
0.1402 0.1504 0.1270
D XDCPS - o *
6.5208 4.2619
D_XENVT ** i
- - 0.3410
3.4571 1.2223 (p=0.3
D_XER ok ok 222)
3.3980 1.2210
D_XET ** *
0.3027 0.2730
D_XLF * oo
0.0690
1.0383 (p=0.7  1.0569
D_XLTE ** 188) ok
3.1927
(p=0.3
D_XRDE 012)
- 0.1184
0.2440  (p=0.2
D_XSW ok 653)
19.648
- 6
D_XTP 0.2373 ok
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(p=0.9
541)
11.244 11.686
5 6
D_XTT o Ers
0.0224
(p=0.4
D_XURP 491)
Omitted
random
effect cross 44705 5.8101 51054 6.6324 42653 6.9888 55004 73571 6.9374 73464  4.8529
SeCtiOn X% X% Kok *% *% et *% kN Kok Kok HkN

Omitted 0.0028 0.0759  0.7585  0.2668 0.0393 1.2883 5.0564 0.1589 0.9509 0.4977  0.1969
random P=09 (p=0.7 (p=038 (p=0.6 (p=0.8 (p=0.2 (p=0.8 (p=0.6 (p=03 (p=0.4 (p=0.6

effect time 575) 828) 38) 055) 427) 564) 122) 901) 295) 805) 572)
Omitted

random
effect both
cross
sectional 44437 58861 5.8640* 0.8992 43047 82771 55569 75161 7.8884 7.8441  5.0499

and time *k ok * *kk ot otk "ok kot otk otk .
Cross
sectional 1.7141 18169 1.7425 1.7870 1.6756 1.7006 1.1723 1.8519 1.7303 1.8653  1.7498
fixed effects * ok * o *x #* o - *x . -

11020 1.0460 0.8919  1.0122 1.0585 0.6485 1.1080 0.9237 0.7434 0.9775  0.9638
Period fixed  (p=0.3  (p=04 (p=056 (p=04 (p=03 (p=0.8 (p=0.3 (p=0.5 (p=0.7 (p=04 (p=0.4

effects 542) 064) 80) 412) 946) 379) 486) 376) 398) 750) 932)

Hausman

test for

random

Cross 10.802 15.324 21726 11966 14.115 0.3396 18.812 1.2650 2.3741 11.241
sectional 6 8 (p=0.70 8 9 (p=0.9 3 (p=0.8  (p=0.7 0 8.4722
effect * ok 40) ** ** 871) ok 673) 953) ** *

Hausman

test for 2.6827 24686 63552 45078 52557 05910 59006 1.8293  3.0667 7.0438 2.3112

random (p=07 (p=07 (p=0.17 (p=0.3 (p=03 (p=09 (p=03 (p=0.8 (p=0.6 (p=0.1 (p=0.6
period effect  488) 812) 41) 416) 853) 641) 160) 035) 897) 336) 787)

12.07 21.54 23.16 13.83 13.09 23.56
R-squared % % 8.80%  8.29% % 8.98% % 9.23%  8.55% % %
10.355  21.907 15.072
1 8 8.0343 9.1532  22.24 8544 12559 10.857  7.1502 8 28.977
F-statistic ok ook ok sk sk - ook - ok ok sk
Durbin-
Watson 1.58 1.81 1.67 1.88 1.82 1.86 1.89 1.53 1.92 1.62 2.08

Kurtosis 35.79 22.71 29.91 40.29 33.98 66.71 27.41 20.96 41.02 10.67 28.02

Skewness -3.44 -0.92 -3.33 -3 -2.73 -6.69 -1.82 -1.57 -3.44 -1.01 -2.6
Breusch-

Pagan LM

cross 523.78  407.63
dependence 13 38 468.38  537.88 59895 443.69 543.12 44059 569.31 390.05 535.19
test e s 4 — — — . - e * -
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cross
sectionel rando rando rando  rando
initial model fixed fixed m fixed fixed m fixed m m fixed fixed
time initial rando rando rando rando rando rando rando rando
model none none none m m m m m m m m
Source: own computation, using Eviews 9, 2026. Note: ENER_PROD_REAL is Green energy

productivity, DIVERSITY_INDEX is Diversity index of energy supply (%), EP_ajusted is energy price
(USS$), the variable was adjusted with Harmonized Price Consumption ,GDP_GROWTH is GDP
growth (annual %), GHG_WITH_LULUCE is Total greenhouse gas emissions including LULUCF (t
CO2e/capita), PEC is primary energy consumption (million tons of oil equivalent), XDCPS is
Domestic credit to private sector (% of GDP), XENVT is Total environmental taxes in GDP (%), XER
is Share of energy from renewable sources (%),XET is Total energy taxes in GDP (%), XLF is Ratio of
female to male labor force participation rate (%), XLTE is Labor force with advanced education (% of
total working-age population with advanced education), XRDE is Research and development
expenditure (% of GDP), XSW is Proportion of seats held by women in national parliaments (%), XTP
is Total taxes on pollution/resources in GDP (%), XTT is Total transport taxes in GDP (%), XURP is
Urban population (% of total population), d_variable reveals the first difference for attending

stationary.

In Tabel 6. The impact of energy, environmental, social and economic variables on green energy
productivity is presented. Both positive and negative correlations were found between the increases
of green energy productivity (GEP) measured in thousand tonnes of oil equivalent and independent
variables. The results are summarized in Table 7.

Table 7. Summarized results on green energy productivity.

Positive Negative
Type of variable Variable correlatio .
correlation
Diversity index of energy supply (DIVERSITY_INDEX) YES
Primary energy consumption (PEC) YES
Energy variables energy price (EP) YES
Share of energy from renewable sources (%) (XER)) YES
Total energy taxes in GDP (%) (XET) YES
Total greenhouse gas emissions including LULUCE (t YES
. CO2e/capita (GHG_WITH_LULUCF)
Envu‘o.nmental Total environmental taxes in GDP (%) (XENVT) YES
variables Total taxes on pollution/resources in GDP (%) (XTP), YES
Total transport taxes in GDP (%) (XTT) YES
Proportion of seats held by women in national parliaments YES
express in % (XSW)
Ratio of female to male labor force participation rate (%) YES
Social variables (XLE)
Labor force with advanced education as % of total YES
working-age population with advanced education (XLTE)
. . YES (not
Urban population (% of total population (XURP) .
significant)
GDP growth (annual %) (GDP_GROWTH) YES
. . Domestic credit to private sector (% of GDP (XDCPS) YES
Economic variables
Research and development expenditure (% of GDP) YES (not
(XRDE) significant)

Source: own computation based on the estimated results.
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From the encountered variables, Urban population (% of total population) (XURP) and Research
and development expenditure (% of GDP) (XRDE) seems to be not statistically significant important.
The correlation between the degree of urbanization and the green energy productivity (GEP) is
negative. That means that an increase with 1 percentage point in the level of urbanization creates less
green energy productivity. The results reveal a decrease in green energy productivity with 0.02
thousand tonnes of oil equivalent. Similar, the research conducted by reference [7] reveals that higher
urbanization rates can affect economic output and, thus, this generates less green energy
productivity. The results are also in line with other research papers, such as the one conducted by
reference [41], where the authors point out that urbanization is a positively and significant factor of
CO: production. Same trend was presented by reference [42], who reveal that urbanization creates
more pollution. The research provided by [43] reveal negative link between urbanization and
sustainable development. Thus, this variable should be further included into analysis, as another
study [44] emphasizes that the effect of urbanization has a significant inverted U shape with energy
intensity at OECD level. That means it could have a significant oppose shape when energy
productivity is considered.

Another variable that was not statistically significant was the share of Research and
development expenditure (% of GDP) (XRDE). The results suggest that an increase with one
percentage point in the share of research and development expenditure in GDP points out a decrease
with 3.19 thousand tonnes of oil equivalent in green energy productivity (GEP). The results reveal
that the research and development expenditures are not focus on green energy or sustainable
development. On the other hand, the research conducted by reference [45] suggest that public
renewable energy R&D budgets could increase Energy transition index. Moreover, till R&D
expenditure are not focus on technological advancement replacements in fundamental sectors such
as transport, small improvement could be done in terms of energy transition, and thus, in value
created by green energy productivity [46]. Based on this assumption, the budget of R&D expenditure
that is link with environmental features should be considered, but the literature is characterized by
lack of data on this subject.

One of the most shocking results were presented between the link of economic growth and green
energy productivity. The results are statistical significantly and suggest that an increase with one
percentage point in the GDP growth creates less green energy productivity (GEP). The decrease is
between 1.37 and 1.81 thousand tonnes of oil equivalent in green energy productivity. The results
prove that even though green development is set as a target at European Union level, countries do
not create their economic growth based on green energy, rather on traditional sources. Based on this,
it can be emphasized that sustainable development is not yet achieved for European Union. The value
added in these countries, is thus, created by traditional sources rather than renewable ones. The
results are in line with the findings of reference [43], who suggests that an increase in the GDP per
capita decreases sustainable development. Other research studies, such as the one conducted by
reference [47], reveal that changes in the Pearl River Delta Metropolitan Region_from China in terms
of growth in energy productivity are negatively affected by GDP per capita. Based on this, it seems
that both traditional energy productivity and the green energy productivity have a negative
relationship with GDP and its components. Moreover, in a research conducted by the reference [5],
it is emphasized that inequitable economic growth trajectory of OECD countries creates disparities
in energy consumptions and implies disparities in terms of unequal distribution of renewable energy
productivity across these countries.

Another negative correlation is found between the increases with one percentage point in the
Proportion of seats held by women in national parliaments express in % (XSW). The relationship
provides evidence that the green energy productivity (GEP) reduces with 0.24 thousand tonnes of oil
equivalent. The results could be explained by the fact that the inclusion of women in parliaments is
not related with their inclusion in cabinets and being part of the group of policy makers. According
to the European Institute for Gender Equality [48], only eight national parliaments at European level
(Austria, Croatia, Denmark, Finland, Ireland, the Netherlands, Portugal, and Slovakia) have rules
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related with the requirement of gender impact assessment of legislative proposals. Moreover, there
are also states where the national assessments are not undertaken by the parliament. As a
consequence of this, it is less likely that women can have significance positive effect on green energy
productivity at the European level, thus the results are related with the actual European Situation.

Another correlation is between the Domestic credit to private sector (% of GDP (XDCPS) and
green energy productivity (GEP). The results reveal a positive and statistically significant effect on
green energy productivity. An increase with one percentage point in Domestic credit to private sector
(% of GDP (XDCPS) creates an increase in green energy productivity (GEP) between 0.12 and 0.15
thousand tonnes of oil equivalent. The results are in line with the research conducted by reference [9]
on 23 Asian economies who reveal that bank credit given to private sector increases the renewable
energy productivity. The results are opposing the one found by reference [49], who showed that the
financial development is insignificant related to renewable energy transition in the case of countries
with higher development level.

The total greenhouse gas emissions including LULUCF (t CO2e/capita (GHG_WITH_LULUCEF)
were expected to have a negative correlation with energy productivity. The data reveal that an
increase with one t CO2e/capita, created a decrease of 0.0067 thousand tonnes of oil equivalent in
green energy productivity. The result reveals that economic growth is more focus on traditional
measures rather than renewable ones.

Another negative correlation is related with the Share of energy from renewable sources (%)
(XER)). A change with one percentage point in the Share of energy from renewable sources (%) (XER)
decreases green energy productivity (GEP) between 1.22 and 3.45 thousand tonnes of oil equivalent.
The reference [50] reveal that renewable sources are environmentally favorable, but the problem with
them is related with their inherent instability. The energy shortages need to be balanced by other
sources. Moreover, reference [51] emphasizes the problems with renewable energies: some of them
such as solar or wind energy are inherently unstable because their production is linked with weather
conditions. These should lead to the development of energy storage technologies, as the reference
[52] reveal the negative correlation between energy from renewable sources and energy productivity
pointing out the need for further innovations developments that decrease the costs of renewable
sources. Based on this, unless advanced technologies related with energy’s storage and sustainable
development are going to be created, the green energy productivity cannot be improved. On the other
side, the research conducted by the reference [53] pointed out the negative relationship between
energy productivity and the use of renewable energy. Their results are confirmed by the Granger
causality results found in the analysis (based on Dumitrescu and Hurlin test [54]) that reveal a
bidirectional relationship between energy productivity and share of renewable sources, while the
Granger causality provides only one direction relationship from Share of energy from renewable
sources (%) XER to green energy productivity (GEP).

The last variable that has a negative impact in green energy productivity, in terms of the value
of the coefficient, is primary energy consumption. The results reveal that an increase with 1% in
primary energy consumption creates a decrease in green energy productivity (GEP) between 1.92 and
3.05 thousand tonnes of oil equivalent. The study of reference [50] splits primary energy consumption
in its sources and clusters European Union’s countries by them for 2021 year. At such, countries like
Austria, Croatia, Germany, Greece, Hungary, Italy, Ireland, Lithuania, Malta, The Netherlands,
Portugal, Romania, and Spain focus on oil energy (38%), natural gas energy (32%) and renewable
energy (around 20%). Other countries, such as Belgium, Bulgaria, Czech Republic, France, Slovenia
and Slovakia focus on oil sources (27%), nuclear sources (24%) and gas sources (19%), while
renewable energy is around 13%. Luxembourg and Cyprus have 77% oil energy sources and 12%
from renewable ones. Denmark, Finland, Latvia, and Sweden mainly focus on renewable energy
sources (51%) and oil sources (28%). Among European countries, Poland focuses on fossil oils (41%),
oil sources (31%) and renewable sources (19%), while Estonia uses around 60% from oil sources and
29% from renewable ones. Based on this, the effect of primary energy consumption on total value
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added created by green energy is negative, as most European member states still focus on traditional
energy sources rather than renewable ones.

Regarding the positive results, one challenging situation is the link between the diversity index
and green energy productivity. The results of aur analysis reveal that an increase or a decrease of
diversity index creates an increase or a decrease in green energy productivity. That means that less
diversification encourages more green energy productivity. The results are related with the study
conducted by reference [55], who showed significant disparities in energy productivity between EU
countries. They reveal that Western countries do have a high level of energy productivity, while in
central and eastern countries the rate increased. Moreover, reference [56] point out that there is high
diversity in the energy supply security on EU countries based on how they can rely on available
energy infrastructure, energy resource endowments and the market integration levels. Thus, the
Czech Republic seems to be the best in terms of energy security and diversification, followed by
Belgium, while Sweden is one of the worst as it has high dependency on energy imports of natural
oil. The problem with this indicator is that it presents variety in countries” energy sources, but it does
not make a difference if the country has more or less renewable sources than other countries.

The correlation between the changes in energy price and the changes in green eenrgy
productivity is also statistically significant. The results reveal that changes in energy price with 1
dollar in real values would increase green energy productivity (GEP) between 0.04 and 0.09 thousand
tonnes of oil equivalent. The results of the study is in line with the research conducted by reference
[57] who revealed that a 10% increase of the average energy prices of the previous five years results
in a 2.7% increase in green innovations and 4.5% increase in the number of green innovations to total
innovation. The reference [58] reveal the challenges that European countries have related with high
energy prices. While states have adopted several fiscal and budgetary measures to protect both their
households and industries from the consequences of high and volatile energy prices, the authors
point out the need of EU countries to adopt clean technologies and to improve the industry’s energy
efficiency by using decarbonized energy technologies. Moreover, reference [59] reveals that
expending green technologies affects in a positive way the GDP, the employment and the industries,
producing inputs which could be bought by green products producers. Thus, production in one
country could impact positively production in other countries generating high green value added.

Regarding environmental and energy variables, positive correlation was found between them.
As a fact, an increase with one percentage point in the Total energy taxes in GDP (%) (XET) generates
an increase between 1.22 and 3.39 thousand tonnes of oil equivalent of green energy productivity
(GEP). Moreover, an increase with one percentage point in Total environmental taxes in GDP (%)
(XENVT) generates an increase between 4.26 and 6.52 thousand tonnes of oil equivalent in green
energy productivity (GEP. Significant and high effect on the increase of green energy productivity
seems to have both Total taxes on pollution/resources in GDP (%) (XTP) and Total transport taxes in
GDP (%) (XTT). While the increase with one percentage point in Total transport taxes in GDP (%)
(XTT) creates an increase of green energy productivity between 11.24 and 11.68 thousand tonnes of
oil equivalent, an increase with one percentage point in Total taxes on pollution/resources in GDP
(%) (XTP) impacts positively the green energy productivity with 19.64 thousand tonnes of oil
equivalent. The relationship is reliable if we take into account a decrease of all these variables. All
these results are in line with other research papers. Reference [60] studied the impact of Energy tax
revenues, Transport tax revenues, Pollution tax revenues and Resource tax revenues on GDP per
capita on European Union from 2013 to 2022. Their results provide long run relationship on economic
development, while on short run, effects vary by tax type and country. All variables do have positive
effect on GDP per capita, even though the relationship between pollution tax revenues and GDP per
capita was not statistically significant. The authors also point out the delayed benefits of energy
taxation. Moreover, Transport tax revenues and Pollution tax revenues have significant effect in the
long run on GDP per capita, as pollution taxes were found in having the largest effect, highlighting
its importance for resource-dependent economies (similar with our research). Moreover, our results
are similar with the study conducted by reference [61] on OECD countries, who point out that green
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energy adoption together with economic growth and technological innovation can encourage
sustainable development, and thus the creation of value added by green energy sources.

Other positive results were found between changes in Ratio of female to male labor force
participation rate (%) (XLF) and changes in green energy productivity (GEP). The results reveal that
an increase or a decrease with one percentage point in Ratio of female to male labor force participation
rate (%) (XLF) creates an increase or a decrease in green energy productivity between 0.27 and 0.3
tonnes of oil equivalent. The results are in line with the research conducted by reference [9], who
proved direct correlation between labor force participation and green energy productivity. The result
suggest that as female force increases they can also have decision position into a company and thus,
that they can rely on green products. The results are in line with the research conducted by reference
[62], who reveal that higher female labor force participation significantly boosts economic, social, and
environmental development worldwide.

The last significant positive effect is between the changes in Labor force with advanced
education as % of total working-age population with advanced education (XLTE) and the level of
green energy productivity (GEP). The results reveal that an increase or a decrease with one
percentage point in the Labor force with advanced education as % of total working-age population
with advanced education (XLTE) creates an increase or a decrease in green energy productivity
between 1.03 and 1.05 tonnes of oil equivalent. The results are in line with other research papers as
education can drastically increase economic growth [63], and it contributes to green growth by
improving technological advancement and public awareness [64]. Based on this, a study [65]
conducted on G7 nations revealed the favorable effect of education on green growth.

While the results on GDP growth variable on green energy productivity are challenging, it is
important to present the cumulative effect of GDP growth and environmental or energy variables on
green energy productivity. The results are both presented in Tables 8 and 9.

Table 8. The combine effect of environmental and energy variables with GDP growth on green energy

productivity expressed in real values.

Dependent variable D_GEP_REAL
Mode Mode Mode Mode Mode Mode mode Mode
11 12 13 14 14b 15 15b 16

15.743 - 11793 4202 5.026 3.5972 - 12634
5 98340 6 8 4 (p=01 49127 6
Constant ki d b XN i b 081) * *XN
- - 1991 2178 - - -
22147 34264 5 5 17254 24174 40881
GDP_GROWTH Ex Ex Ex b Ex s Ex bt
0.6021
D_XER ook
D_XET
16.981
5
D_XTP *
4583
3
D _XTT *t
D_GHG_WITH_LULUCF
GDP_GROWTH*D_XENV 1.5328
T X
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0.6353
GDP_GROWTH*D_XER i
0.0059
(p=0.9
GDP_GROWTH *D_XET 250)
6.8823 8.6857
GDP_GROWTH *D_XTP ** o
3.303  4.086
0 3
GDP_GROWTH *D_XTT o o
GDP_GROWTH * 0.0085
D_GHG_WITH_LULUCF o
34.74 3850 5092 2344 2272 1617 2592 5432
R-squared Y% Y% % % % % % %
114.21 13430 22255 43.69 63.07 27.53* 75.07* 255.17
F-StatlSth L *%A %A% 2*** 1*>(->(- *% *% A%k
Durbin-Watson 2.07 2.01 2.1 1.82 1.88 1.86 1.9 2.01
Kurtosis 7.2 9.62 713 2197 194 2024 1398 9.78
Skewness -048 -053 032 -1.82 -1e65 207 -147 -0.07
323.43 342.06
31848 292.67 08 336.87 5
Breusch-Pagan LM cross  (p=0.8 (p=0.9 (p=0.8 466.1 4379 39317 (p=0.6 (p=0.6
dependence test 929) 897) 517) 86*** 2%%% * 968) 236)

Source: own computation, using Eviews 9, 2026. Note: D_GEP_REAL isgreen energy productivity in
real values, GDP_GROWTH is GDP growth (annual %), GHG_WITH_LULUCEF is Total greenhouse
gas emissions including LULUCF (t CO2e/capita), XENVT is Total environmental taxes in GDP (%),
XER is Share of energy from renewable sources (%), XET is Total energy taxes in GDP (%),XTP is Total
taxes on pollution/resources in GDP (%), XTT is Total transport taxes in GDP (%), XURP is Urban
population (% of total population), ), d_variable reveals the first difference for attending stationary.

Table 9. The combine effect of environmental and energy variables with GDP growth on green energy
productivity expressed in purchasing power parity.

Dependent variable D_GEP_PPS
Mode Mode Mode Mode Mode Mod mode Mode

11 12 13 14 14b  el5 15b 16
- - - - - 3.540 - -
16.668 89712 11.504 5.2953 6.608* 9  4.3063 11.867
Constant b %% A% faad 4% * * %N
= = = = 0.993 = =
11717 23108 1.0533 1.267 5 1509  2.5222
GDP_GROWTH Lt L *3% *% *% *% L
0.1470
(p=0.4
D_XER 357)
D_XET
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15.45
08
D_XTP *
2.5536
(p=0.1
D_XTT 969)
D_GHG_WITH_LULUCF
GDP_GROWTH*D_XENV 1.3533
T Lt
0.5531
GDP_GROWTH*D_XER ot
0.0016
7
(p=0.9
GDP_GROWTH *D_XET 679)
6.832 8.1668
GDP_GROWTH *D_XTP 6*** ot
3.6079 4.352
GDP_GROWTH *D_XTT ok S
GDP_GROWTH * 0.0073
D_GHG_WITH_LULUCF o
3716 3139 3652 1755 1847 1380 2135 35.95
R-squared % % % % % % % %
126.88 98.18* 123.44 30.371 48.60 22.84 58249 120.40
F-statistic i o i idd ol #tt ok ok
Durbin-Watson 2.08 1.96 2.07 1.79 185 1.84 1.92 1.98
Kurtosis 6.44 8.87 6.85 185 1554 1759 1228  9.36
Skewness -033 054 -039 -135 -117 -1.63 -1.31 -0.31
300.15 309.86 339.50 356.01
1 28 6 4954 4135 6 349.46
Breusch-Pagan LM cross  (p=0.9 (p=0.9 (p=0.6 503.92 8 3 (p=04 (p=0.5
dependence test 770) 443) 603) o o o 154) 131)

Source: own computation, using Eviews 9, 2026. Note: D_GEP_PPS is green energy productivity in
purchasing power values, GDP_GROWTH is GDP growth (annual %), GHG_WITH_LULUCEF is Total
greenhouse gas emissions including LULUCF (t CO2e/capita), XENVT is Total environmental taxes
in GDP (%), XER is Share of energy from renewable sources (%), XET is Total energy taxes in GDP
(%),XTP is Total taxes on pollution/resources in GDP (%), XTT is Total transport taxes in GDP (%),
XURP is Urban population (% of total population), ), d_variable reveals the first difference for

attending stationary.

From Table 8 and Table 9, we can suggest several conclusions: economic growth still affects
negatively the green energy productivity, but countries that look at green policies and that focus their
development on them, do have an increase in the green energy productivity. The data presented
reveal same statistical significance in terms of independent variables either the analysis was
conducted on green energy productivity express in real values or green energy productivity
expressed in purchasing power parity.

The results reveal that a change with one percentage point in Total environmental taxes in GDP
(%) (XENVT) cumulated with sustainable economic growth leads to an increase in green energy

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202605.0324.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 May 2026 d0i:10.20944/preprints202605.0324.v1

27 of 33

productivity with 1.53 thousand tonnes of oil equivalent if is expressed in real values, and with 1.35
of Thousand tonnes of oil equivalent if it is expressed in purchasing power parity.

Other positive results are related with the change with one percentage point in Total taxes on
pollution/resources in GDP (%) (XTP) and Total transport taxes in GDP (%) (XTT), together with
sustainable growth. The results on cumulative effect of Total taxes on pollution/resources in GDP (%)
(XTP) and economic growth (GDP_GROWTH) provide evidence that the green energy productivity
increases between 6.88 and 8.68 thousand tonnes of oil equivalent when we talk about real values
and with 6.83 and 8.16 thousand tonnes of oil equivalent when purchasing power parity variable is
analyzed. Regarding the effect of Total transport taxes in GDP (%) (XTT) combined with economic
growth it seems that green energy productivity increases between 3.3 and 4.08 thousand tonnes of oil
equivalent when we consider real values and with 3.6 and 4.35 thousand tonnes of oil equivalent
when purchasing power parity of green energy productivity is emphasized. All these results are in
line with the study conducted by reference [61] on OECD countries who point out that green energy
adoption together with economic growth and technological innovation can encourage sustainable
development, and thus the creation of value added by green energy sources.

While the change with one percentage point in the share of Total energy taxes in GDP (XET)
creates more real green energy productivity between 1.22 and 3.39 thousand tonnes of oil equivalent,
the combine effect with the economic growth is not statistically significant. Moreover. The effect
seems to be negative suggesting that countries cannot have sustainable growth cumulated with
energy policies. As a fact, the environmental policies cumulated with sustainable growth can lead to
improvement in green energy productivity. The results are in line with reference [66], who pointed
out that pollution control investment significantly improve green total factor productivity. Moreover,
the environmental regulation can improve the total green factor productivity, but it has to be
combined with technological innovations [67].

Moreover, if countries focus on economic growth based on traditional methods that imply
increase in the level of Total greenhouse gas emissions including LULUCF (Mt CO2e), the effect on
green energy productivity is negative both in real values and in purchasing power parity. It decreases
with 0.0085 thousand tonnes of oil equivalent, respectively with 0.0073 thousand tonnes of oil
equivalent. This result sustains the conclusion found by reference [68] on BRICS countries, revealing
that policymakers should combine the productivity of resources used, with long run economic
growth and environmental sustainability in order to achieve green energy value added and
environmentally sustainable economic growth. The result also emphasizes the importance of Energy
tax revenues, Transport tax revenues, Pollution tax revenues on future development being in line
with the research conducted by reference [60].

The most confusing results are related with the cumulated effect of Share of energy from
renewable sources (%), (XER) with economic growth. While results in terms of the change with one
percentage point in the share of energy from renewable sources (%) (XER) are mixed (both positive
and negative) on green energy productivity, the combine effect reveals that green energy productivity
decreases both in real values and purchasing power parity. The results emphasize that the EU
countries do not focus their economic growth on new and green technologies, thus, the green value
added of these countries are insignificant. The results are similar with the research presented by
references [52,53], pointing out the negative correlation between energy from renewable sources and
energy productivity pointing out the need for further innovations developments, such as advanced
technologies related with energy’s storage and sustainable development that decrease the costs of
renewable sources and creates more green value added.

5. Conclusions

The present research aimed to find the factors that can affect the value of green energy
productivity at European level. The analysis was conducted on 27 states of the European Union, and
the data is taken from 2007 to 2023. The analysis consisted of two parts: the first one revealed the
findings of bibliometric analysis in terms of green energy productivity pointing out the need to
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address this subject, while the second one conducted estimation of financial data and provides to
reveal impact of economic, social, environmental and energy variables.

The results of the analysis reveal how the hypothesis of research were reliable or not.

First of all, looking at H1, the economic variables, outside the Domestic credit to private sector
(% of GDP (XDCPS), decrease the green energy productivity, making it partially false. The results
reveal that either economic growth (measured through GDP growth) or R&D expenditure in GDP
(even if is not statistically significant) are linked with using traditional sources and they do not
emphasize the need of sustainable development. The results reveal disparities among the EU
countries in terms of use and utility of renewable sources. Also, the findings suggest that the EU
countries should focus more on green advance technologies that can generate green growth and
green energy productivity. On the other side, the increase with one percentage point in the Domestic
credit to private sector (% of GDP (XDCPS) suggests that private sector takes loans in order to invest
in green development of their entities and try to adapt to EU regulation. On the other side, their effect
should be combined to industrial policies and sustainable development.in order to encourage high
values of green energy productivity.

In terms of social variable, only Ratio of female to male labor force participation rate (%) (XLF),
Labor force with advanced education as % of total working-age population with advanced education
(XLTE) affect positively the green energy productivity. The results provide signal that education can
increase green growth by improving technological advancement and public awareness. Moreover, as
female force increases they can also have decision position into companies and thus, that they can
rely on green products.

The Proportion of seats held by women in national parliaments express in % (XSW) and the
Urban population (% of total population (XURP) makes H2 to be somehow doubtful. Their negative
effect (although urban population’s coefficient was not statistically significant) suggests that the
growth of cities is still ensured by traditional resources- the increase of the urban population’s needs
cannot be satisfied with green products, while women in parliaments do not have right of decision
on green growth.

The variables related with traditional sources (primary energy consumption (PEC), energy price
(EP) and Total greenhouse gas emissions including LULUCF (t CO2e/capita
(GHG_WITH_LULUCEF)) did decrease the value of green energy productivity, making H3 true,
which suggest that the economies should focus more on green technologies.

Beside the share of Total energy taxes in GDP (%) (XET), all other variables (Diversity index of
energy supply (DIVERSITY_INDEX), Share of energy from renewable sources (%) (XER) have a
negative impact on green energy productivity. Based on this, we can conclude that unless advanced
technologies related with energy’s storage and sustainable development are going to be created, the
green energy productivity cannot be improved.

The implementation of green policies (Total environmental taxes in GDP (%) (XENVT), Total
taxes on pollution/resources in GDP (%) (XTP), Total transport taxes in GDP (%) (XTT)- together with
the implementation of Total energy taxes in GDP (%) (XET) makes H5 more reliable suggesting that
sustainable and green growth can be ensured at EU economic level. The main problem with them is
their small percentage related to GDP and their increase by one percentage point.

Based on this, the robustness analysis suggests that green energy adoption together with
economic growth and technological innovation can encourage sustainable development at EU level.

The research contributes to the value added of the literature in both ways: by presenting a
bibliometric analysis of literature review on green energy productivity and by pointed out the need
to combine the productivity of resources used, with long run economic growth and environmental
sustainability in order to achieve green energy value added and environmentally sustainable
economic growth.
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