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How does the energy transition shape inclusive green growth in the European

Union?

Abstract

Amidst the growing issues of global warming and non-inclusiveness, inclusive green growth
(IGG) has become an aspiration for all countries. Countries worldwide, including those in the
European Union (EU), are transitioning from non-renewable to renewable energy to preserve
the environment. However, there is currently a lack of comprehensive research investigating
the nexus between energy transition and IGG. This paper aims to explore the impact of energy
transition on IGG in 25 EU countries from 1995-2021. We develop composite indices for both
IGG and renewable energy transition targeted to EU economies and employ advanced
econometric approaches such as the pooled mean group-autoregressive distributed lag (PMG-
ARDL) model, Driscoll-Kraay standard errors (DKSE) method, feasible generalised least
square (FGLS) method, panel corrected standard errors (PCSE) method, to uncover relevant
associations. The PMG-ARDL deals with potential endogeneity and simultaneously provides
short-run and long-run estimates, while the DKSE, FGLS, and PCSE methods provide
consistent outcomes in the presence of cross-sectional dependence, autocorrelation, and
heteroscedasticity among the error terms. Results indicate that the renewable energy transition
hampers IGG in the short run but fosters it in the long run in the EU economies. Additionally,
financial development and internet access enhance IGG, whereas government expenditure,
inflation, and economic globalisation have negative impacts. The findings suggest that EU
countries should stimulate investment by public-private partnerships in renewable energy
technologies and promote the use of renewable energy to make their economic growth green

and inclusive.
Keywords: Energy transition, Inclusive green growth, European Union, Panel analysis
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1 Introduction

With rapid economic growth, the world has been grappling with global warming and climate
change. In addition, the growth attended by most of these economies does not include the

marginalised and vulnerable groups of society. Therefore, in the changing world economic



scenario, most nations want to achieve inclusive economic growth while protecting the
environment (Fay 2012; Li et al. 2021; Jia et al. 2023). Hence, inclusive green growth (IGG)
is the central attraction of researchers, academicians, and policymakers. It refers to pursuing a
path of economic growth that ensures social equity and conserves the environment (GGKP
2016; Jha, Sandhu, and Wachirapunyanont 2018). Meanwhile, due to mounting environmental
pressure, countries worldwide transit their energy use pattern and resort to renewable energy.
According to the National Oceanic and Atmospheric Administration (Lan, Trans, and Thoning
2024), carbon dioxide (COz2) emissions amount was 278 ppm before the industrial revolution,
but they reached 316, 365, 400, and 417 ppm in 1959, 1998, 2015, and 2022, respectively. If
the CO2 emissions continue to grow at this pace, the global temperature may rise by 5-6 °C by
the end of this century (Tollefson 2020). Therefore, decarbonising the economy is necessary
for avoiding catastrophic climate disasters (Codina and Semmler 2024). Increasing renewable
energy consumption reduces the level of CO: emissions and makes the energy system
sustainable (Alvarado et al. 2019). The special report of the Intergovernmental Panel on
Climate Change (IPCC 2018) states that to limit global warming to 1.5 °C, 70-85% of the
world’s electricity must come from renewable energy by 2050. Henceforth, the renewable-
based energy transition is crucial for achieving the target. Since the enforcement of the Kyoto
Protocol in 2005, the world has achieved commendable progress in energy transition (For
further discussion, see Appendix Note A.1). Recently, the 28th Conference of the Parties
(COP28) of the United Nations Framework Convention on Climate Change, held in the United
Arab Emirates during November—December 2023, is a crucial collective effort to accelerate
the energy transition to achieve net-zero emissions by 2050. Though energy transition has
achieved significant growth, the question of whether energy transition can promote IGG and
bring sustainability in all three spheres needs to be answered. Our study is an endeavour
towards this. In this paper, we attempt to address the research question of how energy transition

influences IGG in the European Union (EU).

In the last decade, energy transition in the EU has progressed notably. According to the Energy
Transition Index ranking published by the World Economic Forum (WEF 2024), seven EU
countries have placed in the top ten. These countries are Sweden (1%), Denmark (2"%), Finland
(3'), France (5™), Austria (8"), Estonia (9™), Netherlands (10"). Though fossil fuels have
dominated the EU’s energy basket, the share of renewable energy has increased admirably.
Figure 1 clearly presents the EU’s energy use pattern. “European Green Deal” has set the target

to reduce greenhouse gas (GHG) emissions by at least 55% by 2030 compared to the 1990s.



Additionally, the Renewable Energy Directive aims to consume 42.5% of EU energy in the
form of renewable energy by 2030 (Widuto 2023).

[Figure 1 here]

However, the Russia-Ukraine war has disrupted the energy supply to the EU countries.
Therefore, these economies must find new sources of energy that are sustainable, which makes
the transition to renewable energy more vital in these regions. On the other hand, though the
European region is economically developed, income inequality has risen from 1995-2021 (The
Gini index was 28.02 in 1995 and went up to 29.42 in 2021). The intra-regional inequality is
also quite prominent. In 2021, Bulgaria had the highest Gini index score at 38.9, while Slovakia
had the lowest at 22.1. Additionally, the region has not achieved the desired green economy
targets, as seen in Table 1. Therefore, despite the commendable progress of the energy
transition in the EU, the question of whether or not the energy transition can bring inclusiveness
to the growth of the EU while making it green has remained unanswered. Thus, studying the

association between energy transitions and IGG in the EU economies becomes imperative.

Table 1. Descriptive statistics of the inclusive green growth variables

1995 2010 2019 2021
Mean SD Mean SD Mean SD Mean SD

Infant mortality rate 8.524 4.391 4.228 2.008 3.220 1.028 3.052 0.990
Income inequality 28.016 4.069 29.552 3.397 29.472 3.794 29.416 3.851
Forest Cover 34.674 16380 36.347 16.148  36.868 16.100  36.923 16.070
Ambient PM.2.5 697908 346.061 520.872 317.262 414.115 292.327 409.619 288.586
mortalities

Natural resources rent 0.689 0.855 0.775 0.928 0.376 0.412 0.459 0.468
Environmentally 9.818 7.449 14.464 5.712 9.959 3.916 11.477 3.335

friendly technologies
Source: Authors’ construct; Note: Initial data of 2021 for ambient PM.2.5 mortalities and environment-friendly

technologies have been extrapolated.

While numerous studies have delved into the effects of transitioning to renewable energy on
economic, environmental, and societal aspects, very few have addressed its impact on IGG.
Additionally, there is a noticeable absence of research investigating the factors influencing IGG
in EU countries. In order to address these gaps, the study aims to explore the influence of
energy transition on IGG across 25 EU economies from 1995-2001. Advanced econometric
techniques, including the Pedroni and the Westerlund panel cointegration tests, the pooled
mean group-autoregressive distributed lag model, Driscoll-Kraay standard errors method,
feasible generalised least square method, panel corrected standard errors method, and

Dumitrescu-Harlin causality test are employed to achieve this objective.



The panel cointegration tests assure the existence of long-run relationships among the selected
variables. The regression outcome shows that energy transition impedes IGG in the short run
but enhances it in the long run, as in the case of EU countries. Further, government expenditure,
inflation, and economic globalisation have adverse effects on IGG, but financial development
and internet access favour it. In addition, the finding of the panel causality test indicates that
there is a two-way causality between energy transition and IGG, financial development and
IGG, and economic globalisation and IGG. On the other hand, one-way causality running from
inflation and internet access to IGG and from IGG to government expenditure has been

observed.

This study contributes to the existing literature in several ways. First, it is the first of its kind
to investigate the liaison between energy transition and IGG within the EU context. Second, it
devises composite indices for IGG and renewable energy transition tailored to the EU
economies, which acutely portray the condition of sustainable development and energy
transition in this region. Last, by employing advanced econometric techniques, this study offers
methodological contributions, such as energy transition having a negative short-run impact but

a positive long-run impact on IGG—an insight not captured in previous studies.

The remainder of the paper is structured as follows: Section 2 offers a brief review of related
literature, Section 3 provides the data sources and econometrics methods employed, Section 4

discusses the results, and Section 5 ends with conclusions and policy implications.

2 Related literature

Energy transition can influence IGG through the economy, environment, and society.
Accordingly, we provide the literature review on three aspects: Energy transition and economic
sustainability, energy transition and environmental sustainability, and energy transition and

social sustainability.

2.1 Energy transition and economic sustainability

The detrimental impact of fossil fuels on the environment urges countries worldwide to shift
their energy consumption to renewable energy. This leads the researchers to investigate the
linkage between renewable energy transition and economic growth. Apergis and Payne (2010)
explored the impact of renewable energy consumption on economic growth in 20 Organisation

for Economic Co-operation and Development (OECD) countries from 1985-2005. The study



confirmed the positive impact of renewable energy on economic growth for those countries.
Another study by Apergis and Payne (2011) established the profound impact of renewable
energy usage on economic growth for six Central American countries. For 34 OECD countries,
Inglesi-Lotz (2016) affirmed that total renewable energy consumption and an increase in the

share of renewable energy consumption both have a promotional effect on economic growth.

Bhattacharya et al. (2016) studied the impact of renewable energy consumption on economic
growth in the top 38 renewable energy-consuming countries spanning 1991-2012. The findings
showed that renewable energy enhanced the prosperity of those economies. Similarly,
Rafindadi and Ozturk (2017) asserted that renewable energy consumption increased Germany’s
per capita GDP. Further, in a study of 103 countries, Chen, Pinar, and Stengos (2020) found
that renewable energy consumption positively affected economic growth in OECD countries.
However, renewable energy amplified economic growth in non-OECD and developing
countries after a certain threshold period. In addition, Jan, Durrani, and Khan (2021) noticed
that renewable energy spurred economic prosperity more efficiently than other sources in
Pakistan. Similar kind of findings can be observed from the studies by Igbal, Tang, and Rasool
(2023) and Z. Wang et al. (2021) for BRICS countries and ten Asian countries, respectively.

However, some studies have different opinions. In a Turkish survey, Ocal and Aslan (2013)
found that an increase in the share of renewable energy consumption in the total final energy
consumption hampered economic growth. These findings are supported by the studies of Maji,
Sulaiman, and Abdul-Rahim (2019) and Tenaw (2022) in the case of 15 West African countries
and 20 Sub-Saharan countries, respectively. At the initial stage, the development of renewable
energy technologies is associated with higher costs, leading to higher energy prices. This
discourages people from adopting it and thus negatively affects the economy. Therefore, to get
the beneficial impacts of renewable energy, the deployment of renewable energy must cross a

critical threshold level.

2.2 Energy transition and environmental sustainability

Studies across different regions and periods unanimously argued that using renewable energy
brings environmental sustainability. During the analysis, they used different indicators of
environmental degradation, such as CO2 emissions, ecological footprint, and carbon footprint.
Gill, Viswanathan, and Hassan (2018) evaluated the influence of an increase in the share of
renewable energy production on CO2 emissions in Malaysia over the period 1970-2011. The

study revealed that renewable energy reduced CO:2 emissions in Malaysia. Similar findings can
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be observed in a study by Murshed et al. (2021), which indicated that non-fossil fuel and
hydroelectricity consumption curbed the carbon footprint in Bangladesh. Further, in a study of
15 Asian economies, Anwar et al. (2022) explained that an increase in the share of renewable
energy consumption enhanced environmental quality. Afshan, Ozturk, and Yaqoob (2022)
constructed a composite energy transition index and scrutinised the impact of the energy
transition on the ecological footprint in 27 OECD countries during 1990-2014. The study
confirmed that energy transition promoted environmental sustainability by curbing ecological

footprint.

In addition, Kazemzadeh (2024) explored the impact of energy transition on the environment
using the ratio of renewable energy to non-renewable energy consumption and observed that
energy transition reduced environmental degradation. The study further stated that the impact
of energy transition is more intense on higher quantiles of CO2 emissions. The same findings
can be noticed in a study by Liao et al. (2023) for ten OECD countries. Moreover, studies by
Salahodjaev et al. (2022) and Gao and Chen (2023) reported that an increase in the share of
renewable electricity production augmented environmental quality in 45 Europe and Central
Asia countries and 21 industrialised countries, respectively. A study by Sadiq et al. (2023)
established that renewable energy mitigated environmental degradation in BRIC countries.
Other studies shared the same vision (Gu and Liu 2023; Kongkuah 2024; Yang et al. 2023;
Ahmad et al. 2023). Therefore, from the above discussion of literature, it can be confirmed that

the transition from non-renewable to renewable energy makes the environment sustainable.

2.3  Energy transition and social sustainability

While plenty of researchers focused on finding the impact of renewable energy transition on
the economy and environment, few studies delved into the social impact of renewable energy
transition. Apergis and Salim (2015) studied the impact of renewable energy consumption on
unemployment in a panel of 80 countries from 1990-2013. The study reported that renewable
energy consumption increased unemployment for the overall panel, though the results varied
across different regions. However, these findings are inconsistent with the findings of the
studies by Khobai et al. (2020) and Naqvi, Wang, and Ali (2022) for South Africa and ten
European countries, respectively. The studies found that renewable energy usage reduced
unemployment in these economies. In addition, Ram, Aghahosseini, and Breyer (2020)

performed an analytical job creation assessment for the global power sector from 2015-2050



and reported that 100% electricity generation from renewable sources by 2050 would create

job opportunities from about 21 million in 2015 to nearly 35 million in 2050.

Further, Topcu and Tugcu (2020), in a study of 23 developed economies, revealed that
increasing the share of renewable energy consumption reduced income inequality. Sasmaz et
al. (2020) explored the impact of renewable energy on the human development index in 28
OECD countries over the period 1990-2017. The study reported an increase in the share of
renewable energy improved human development in these economies. The findings are similar
to the findings of the studies by Z. Wang et al. (2021) and Kaewnern et al. (2023) for BRICS
countries and the top ten human development countries, respectively. In a study for India,
Mamidi, Marisetty, and Thomas (2021) found that the transition to clean energy amplified
household development. On the other hand, Nketia et al. (2022) and Iddrisu, Ofoeda, and Abor
(2023) indicated that increasing the share of renewable energy consumption had a negative
impact on inclusive growth across 48 African and 30 Sub-Saharan African (SSA) countries,
respectively. Likewise, in the case of economic sustainability, the deployment of renewable

energy must reach beyond a certain threshold level to attain social sustainability.

2.4  Other factors affecting IGG

Along with renewable energy transition, other variables can influence IGG directly or
indirectly. Ghourchian and Yilmazkuday (2020) carried out a study on the impact of
government consumption expenditure on economic growth in a group of 83 countries during
1960-2014. The findings of the study established that government consumption expenditure
hampered economic growth. Further, a study by Onifade et al. (2020) also confirmed that
government recurrent expenditures negatively affected economic growth in Nigeria from 1981
to 2017. The effect of government expenditure on income disparity was examined by Sidek
(2021) over a sample of 122 countries and revealed that government expenditure reduced the
income gap in those countries. Pham (2024), in his research of 35 Asian countries spanning
from 2000 to 2022, documented that government expenditure diminished the unemployment
rate. Further, Le and Ozturk (2020) showed that government expenditure degraded the
environmental quality by enhancing economic activities and luring more trade and investment
activities in 47 emerging markets and developing economies. However, a study by Bilal et al.
(2022) confirmed that government expenditures and inflation improved environmental quality

in Germany spanning 1971-2016. Baharumshah, Slesman, and Wohar (2016) showed that



inflation dampened economic growth in 94 developing and emerging countries from 1976—

2010.

Conversely, for 79 developing countries, Uddin and Rahman (2023) reported that inflation
boosted spending and investment, further stimulating economic growth. In addition, Law and
Soon (2020) examined the association between inflation and income inequality for 65
developed and developing economies over the period 1987-2014. The study revealed that
inflation exacerbated income inequality in those countries. A study by Rahman et al. (2022)
showed that inflation increased CO2 emissions in Pakistan. Furthermore, Ofori and Figari
(2023) explored the impact of economic globalisation on IGG in 23 African countries from
2000-2020. They found that economic globalisation negatively affected IGG in those
countries. Cioaca et al. (2020) showed that information and communication technology
promoted sustainable development in 28 EU countries by stimulating economic growth and
reducing income inequality. A study by Ofori, Gbolonyo, and Ojong (2022) revealed that
information and communication technologies (ICT) fostered IGG while financial deepening
hampered it in 23 African countries from 2000-2020. The study further revealed that trade
openness deteriorated environmental quality in those economies. Similarly, a study by Xin et
al. (2023) concluded that the digital economy promoted IGG in China. However, another study
by Ofori, Figari, and Ojong (2023) reported that ICT harmed IGG, whereas financial
development promoted it in 20 SSA countries over the period 2000-2020. Henceforth, it can
be concluded that the effect of ICT and financial development depends on the policy framework
of countries. The study further concluded that foreign direct investment (FDI) and trade

openness enhanced environmental degradation.

2.5 Literature gap

The review of related literature reveals that numerous studies have examined the influence of
energy transition on the three dimensions of sustainability—social, economic, and
environmental—individually. However, there is a notable lack of research addressing the
impact of energy transition on IGG, which integrates all three dimensions to provide a
comprehensive view of sustainability. This gap leaves a void in understanding the overall

impact of energy transition on sustainable development.

Additionally, while several studies have explored the factors influencing IGG, particularly in
regions such as China and Africa, similar research is conspicuously absent for EU nations

despite their significant role in advancing global sustainability. Moreover, prior studies often
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rely on a single indicator to represent energy transition, failing to capture its dynamic and

multifaceted nature.

In order to address these gaps, this study constructs composite indices for both IGG and
renewable energy transition and investigates the impact of renewable energy transition on IGG
across 25 EU nations over the period 1995-2021. This approach provides a more nuanced
understanding of the relationship between energy transition and sustainable development

within the EU context.

3 Theoretical framework

By drawing on the insights from the related literature, the conceptual linkages between the
dependent and independent variables are illustrated in Figure 2. The energy transition

influences IGG through three interconnected pillars: economy, society, and environment.

Economic Impact of Energy Transition: The relationship between the energy transition and
economic growth is shaped by the development stage of renewable energy sources. In nations
with lower shares of renewable energy, investments in such technologies tend to be more
expensive compared to traditional energy sources. Consequently, during the early phases of
renewable energy adoption, economic growth may face setbacks (Tenaw 2022). However, as
investments in renewable energy expand, production costs decline due to economies of scale
and technological advancements, ultimately fostering economic growth (Igbal, Tang, and

Rasool 2023).
[Figure 2 here]

Social Implications of Renewable Energy: The initial high costs of renewable energy make it
less accessible to low-income groups, potentially exacerbating societal inequalities (Iddrisu,
Ofoeda, and Abor 2023). Over time, as renewable energy becomes more widely available and
affordable, its adoption increases, enhancing social equity and well-being (Kaewnern et al.

2023).

Environmental Benefits: Renewable energy consumption improves environmental quality by
reducing greenhouse gas emissions, which, in turn, enhances the overall living conditions of

the population (Gu and Liu 2023).



Role of Government Expenditure: The impact of government expenditure on IGG depends on
its composition. Revenue-focused expenditures may hinder economic growth (Ghourchian and
Yilmazkuday 2020) and degrade environmental quality by driving resource-intensive
economic activities (Le and Ozturk 2020). Conversely, government spending on social
infrastructure, such as healthcare, education, and public amenities, supports social

sustainability (Sidek 2021).

Financial Development. A robust financial system promotes economic prosperity by
facilitating investments in eco-friendly projects, reducing environmental degradation, and
fostering socio-economic inclusion through broader access to banking systems. Thus, financial

development positively influences IGG (Ofori, Figari, and Ojong 2023).

Inflation and IGG: High inflation adversely affects IGG by lowering purchasing power,
creating uncertainty for investments (Baharumshah, Slesman, and Wohar 2016), widening
income inequality (Law and Soon 2020), and degrading environmental quality (Rahman et al.

2022).

Economic Globalisation: While economic globalisation enhances a country's global
integration, it may expose nations to environmental risks, particularly if weak regulations allow

for pollution havens. As a result, globalisation can negatively impact IGG (Ofori, Gbolonyo,

and Ojong 2022).

ICT and IGG: Information and communication technology (ICT) promotes IGG by improving
access to information, creating employment opportunities, and fostering higher incomes. ICT
also enhances environmental sustainability through energy efficiency and social awareness

campaigns (Xin et al. 2023).

This framework provides a comprehensive understanding of the mechanisms through which
energy transition and other variables influence IGG across economic, social, and environmental

dimensions.
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4 Material and methods

4.1 Data sources and variable construction

The study employs annual data from 25 EU nations' over the period 1995-2021. The selection
of the time period and countries is based on data availability. The outcome variable of our study
is IGG. The data of IGG is not directly available. We have formulated a composite index of
IGG by following the study of Ofori, Gbolonyo, and Ojong (2022). This index incorporates
sustainable development’s social, economic, and environmental perspectives. The detailed
method of constructing the IGG index is described in the next section. The key explanatory
variable of our study is the renewable energy transition (RET). Previous studies have taken
different proxies of energy transition—the ratio between electricity generated by renewable
energy and fossil fuels (Afonso, Marques, and Fuinhas 2021), renewable energy consumption
and generation (Shahbaz et al. 2022), the share of primary energy from renewable energy

sources (Dogan et al. 2022).

However, according to a report by the International Energy Agency (IEA 2019), one indicator
cannot be enough to grasp the complexity of energy transition to clean energy. Therefore, we
have created a composite index of RET by incorporating the indicators suggested by the IEA.
Apart from energy transition, there are other factors that can influence IGG, and if we do not
control their effects, this may lead to biased results. Therefore, the study includes financial
development (FD), government expenditure (GE), inflation rate (IR), economic globalisation
(EG), and internet access (INTR) as control variables. They are opted from the previous
literature on IGG (Ghourchian and Yilmazkuday 2020; Le and Ozturk 2020; Law and Soon
2020; Ofori, Gbolonyo, and Ojong 2022; Ofori and Figari 2023; Xin et al. 2023). The
description and data sources of the variables (including energy transition indicators) are
provided in Table 2. All the variables are transformed into natural logarithms. This will reduce

the sharpness of the data and express the coefficients in terms of elasticity.

! The selected countries are Austria, Belgium, Bulgaria, Croatia, Czechia, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Netherlands, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden.
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Table 2. Description and sources of energy transition indicators and control variables

Description Source
Energy transition indicators
Carbon emissions CO; emissions from energy (Million tonnes) EI (2023)
Final energy carbon The ratio of energy-related carbon emissions to total final
. : 5 . IEA (2023)
intensity energy consumption (gCO; per megajoules)
Share of renewable The ratio of electricity generation from renewables to total EIA (2023)
electricity generation electricity generation
Carbon intensity of power Carbon intensity of power index (2000 = 100) calculated using
h o . 1EA (2023)

the power generation CO; emissions from fuel combustion.
Energy intensity energy consumption per GDP (1000 Btu/2015$ GDP PPP) EIA (2023)
Renewable energy Net addition to yearly renewable energy installed capacity
. s . EIA (2023)
investment (million kilowatts)

Control variables
Financial development Financial development index IMF (2023)
. . . o

Government expenditure General government final é(gl;l;mptlon expenditure (% of WDI (2023)
Inflation rate Inflation, consumer prices (annual %) WDI (2023)
Economic globalisation Economic globalisation index KOF (2023)
Internet access Individuals using the internet (% of the population) WDI (2023)

Source: Authors’ construct; Note: EIA represents Energy Information Administration; EI represents the Energy Institute;
WDI represents World Development Indicator; OECD represents the Organisation for Economic Co-operation and
Development; IMF represents the International Monetary Fund; WGI represents Worldwide Governance Indicator; KOF

represents Konjunkturforschungsstelle.

4.2 Construction of IGG index

The term IGG was first introduced during the 2012 G20 Summit under Mexico’s presidency.
IGG represents a development paradigm that harmonises economic growth, social equity, and
environmental sustainability (GGKP 2016; Jha, Sandhu, and Wachirapunyanont 2018). In
simpler terms, IGG embodies the integration of these three pillars to foster a balanced and
inclusive approach to growth (Ofori, Gbolonyo, and Ojong 2022; Wu et al. 2024). According
to the Global Commission on the Economy and Climate, achieving “inclusive, high-quality,
and resilient” growth is a critical priority for sustainable development (Morgan 2014). This
notion of “better growth” encompasses raising incomes, alleviating poverty, improving public
health, making cities more livable, enhancing resilience, promoting innovation, and reducing

GHG emissions.

Given its centrality to sustainable development, understanding the factors that drive IGG across
economic, environmental, and social dimensions is crucial. The United Nations’ adoption of
the 17 sustainable development goals (SDGs) in 2015 underscores the urgency of achieving
sustainable growth by 2030 (UN 2015). However, quantifying IGG poses challenges due to its
complexity and multidimensional nature. Researchers have primarily adopted two broad

methodological approaches to construct Inclusive Green Growth (IGG) indices: Data
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Envelopment Analysis (DEA) and index-based aggregation methods. Each of these approaches
offers distinct conceptual and empirical advantages depending on the objective and scope of
the study. The DEA approach relies on a non-parametric input-output framework using linear
programming to estimate efficiency frontiers. One of its key strengths lies in its ability to
accommodate multiple inputs and outputs without assuming a predefined functional form. In
the context of IGG, this method has been advanced through the use of the Generalised
Malmquist-Luenberger index, which incorporates both desirable outputs (such as economic
growth) and undesirable outputs (such as environmental degradation and social costs) (Oh,
2010; Zhu and Ye, 2018; Ren et al., 2022). This framework enables a dynamic assessment of
green growth by capturing both improvements in efficiency and shifts in the technology frontier

over time.

In contrast, index-based approaches—as exemplified by Jha, Sandhu, and Wachirapunyanont
(2018) in their IGG index developed for the Asian Development Bank—rely on aggregating a
set of pre-selected indicators, often aligned with the SDGs. These indicators typically span
economic, social, and environmental dimensions and are combined using either equal or
weighted scoring techniques. While such indices offer valuable cross-country comparability
and policy communication advantages, they are often sensitive to variable selection and
weighting schemes. This study employs the indexing method, leveraging Principal Component
Analysis (PCA). PCA is a robust dimensionality reduction technique that addresses collinearity
among the 23 selected indicators while retaining their multi-dimensionality. This method
produces a set of principal components (PCs), enabling the derivation of a unified IGG index
from diverse indicators. Before constructing the index, the selected indicators, grouped into

social, economic, and environmental categories, are discussed below.

Social indicators—evaluate a nation's inclusiveness. Access to improved sanitation and potable
water signifies a population's ability to meet basic needs. Higher access rates reflect greater
inclusivity. Conversely, increased population density often exacerbates resource exploitation,
environmental degradation, pollution, and disease transmission, ultimately lowering the quality
of life. Thus, population density has a negative correlation with sustainable development. Life
expectancy at birth and infant mortality rates are proxies for healthcare quality and well-being.
Higher life expectancy and lower infant mortality positively contribute to IGG (Jha, Sandhu,

and Wachirapunyanont 2018). Transport infrastructure is also integral to sustainable
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2: air transport, measured by registered

development. This study uses two indicators as proxies
carrier departures worldwide, and railway infrastructure, measured by total rail length. Both

positively influence the IGG index (Ofori and Figari 2023).

Economic indicators—assess a country's prosperity. Rising per capita GDP is essential for
fostering economic opportunities. However, equitable income distribution is equally important
for quality growth. Income inequality, measured by the Gini coefficient, negatively impacts
sustainable development, as a higher Gini coefficient reflects income concentration among the
wealthy. Human capital, indicative of education quality, is vital for sustainable development.
High unemployment rates, however, inhibit IGG by straining economies (Ofori, Gbolonyo, and

Ojong 2022).

Environmental indicators—focus on conservation efforts. While agriculture ensures food
security and reduces resource depletion, it can also harm the environment via GHG emissions.
This study includes agricultural methane emissions to account for agriculture’s environmental
impact. Forests play a pivotal role in environmental conservation by producing oxygen,
absorbing CO2, and preserving biodiversity. Rising global temperatures and higher natural
resource rent values, which signify faster depletion rates, negatively impact IGG (Ofori, Figari,
and Ojong 2023). Air pollution's adverse effects are captured through indicators like mean
population exposure to PM2.5, mortality from ambient PM2.5 exposure, and welfare costs of
premature mortalities (in GDP terms). Carbon productivity, reflecting the decoupling of GDP
growth from CO2 emissions, positively contributes to sustainable development. Renewable
energy consumption promotes environmental sustainability by replacing fossil fuels, which
contribute to global warming and climate change. Environment-friendly technologies further

mitigate the negative impacts of human activities and conserve the environment (Li et al. 2021).

To construct the IGG index, we apply Principal Component Analysis (PCA), following the
methodology of Kumar, Nagar, and Samanta (2007). This approach allows us to derive
weighted indices for each sustainability pillar—social, economic, and environmental—by
transforming correlated indicators into orthogonal principal components. The data sources and
definitions for all indicators used are listed in Table 3, and Table 4 maps these indicators to

relevant UN SDGs. Specifically, the social sustainability index comprises seven indicators, the

2 Other indicators of transport infrastructure such as maritime and road are not included due to unavailability of
data for all EU nation over selected time period.
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economic index four indicators, and the environmental index twelve indicators. These sub-

indices are then integrated to construct the overall IGG index.

Before applying PCA, all indicators are normalised using the min-max scaling method to
ensure comparability across different units and scales. For each country, PCA is conducted
separately to reflect country-specific variation in indicator dynamics, resulting in distinct sets
of weights for each national IGG index. This country-specific application of PCA ensures that
the resulting indices are sensitive to contextual differences in sustainability patterns. We
calculate the index values using the weighted average of all PCs to retain the complete
information embedded in the dataset, thereby capturing 100% of the total variance (for
technical details, see Appendix Note A.2). This avoids arbitrary selection of principal
components and eliminates the risk of information loss. A flow chart explaining the mechanism

of PCA is given in Figure 3.

Table 3. Description and sources of inclusive green growth variables

Description Source

Social sustainability

Sanitation Population with access to improved sanitation (% OECD (2023)

total population)
Potable water Population with access to improved drinking water OECD (2023)
sources (% total population)

Population density Population density, inhabitants per square kilometre =~ OECD (2023)

Infant mortality Mortality rate, infant (per 1,000 live births) WDI (2023)

Life expectancy Life expectancy at birth, total (years) OECD (2023)

Air transport Air transport, registered carrier departure worldwide WDI (2023)

Railway transport Rail lines (total route-km) WDI (2023)
Economic sustainability

Income growth GDP per capita, PPP (constant 2017 international $) WDI (2023)

Income inequality Gini index (0 = Lowest; 1 = Highest) Solt (2023)

Human capital index Human capital index, based on years of schooling PWT (2023)

and returns to education

Unemployment Unemployment, total (% of the total labour force) WDI (2023)
Environmental sustainability

Agricultural land Agricultural land (% of land area) WDI (2023)

Forest cover Forest area (% of land area) WDI (2023)

Temperature Annual temperature change OECD (2023)

Exposure to ambient PM.2.5 Mean population exposure to PM2.5 OECD (2023)

Ambient PM.2.5 mortalities Mortality from exposure to ambient PM2.5 OECD (2023)

Ambient PM.2.5 welfare cost Welfare costs of premature mortalities from exposure  OECD (2023)

to ambient PM2.5, GDP equivalent
Methane emission Agricultural methane emissions (thousand metric WDI (2023)
tons of CO, equivalent)
Carbon productivity Demand-based carbon productivity, GDP per unit of OECD (2023)
energy-related CO, emissions (constant 2015 US
dollars per kilogram)
Natural resources rent Total natural resources rents (% of GDP) WDI (2023)
Renewable energy Renewable energy consumption (% of total final WDI (2023)
energy consumption)
Fossil fuel consumption Fossil fuel energy consumption (% of total) WDI (2023)
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Environment-friendly Development of environment-related technologies, % OECD (2023)
technologies all technologies
Source: Authors’ construct; Note: WDI represents World Development Indicator; OECD represents Organisation for

Economic Co-operation and Development; SWIID represents Standardized World Income Inequality Database; PWT
represents Penn World Table. Some data points are imputed using interpolation and extrapolation techniques (For details, see

Appendix Table B.1).

Table 4. Mapping IGG indicators to SDG

Sustainable development goals Inclusive green growth indicators

1. No poverty -

2. Zero hunger Agricultural land

3. Good health and well-being Infant mortality, life expectancy

4. Quality education Human capital index

5. Gender equality -

6. Clean water and sanitation Sanitation and potable water

7. Affordable and clean energy Renewable energy and fossil fuel consumption

8. Decent work and economic growth Income growth and unemployment

9. Industry, innovation, and infrastructure Environment-friendly technologies, air transport, and
railway transport

10. Reduced inequalities Income inequality

11. Sustainable cities and communities Population density, exposure to ambient PM.2.5

ambient PM.2.5 mortalities,
ambient PM.2.5 welfare cost

12. Responsible consumption and production Natural resources rent

13. Climate action Temperature, Methane emission, and Carbon productivity
14. Life below water -

15. Life on land Forest cover

16. Peace, justice, and strong institutions -
17. Partnership for the goals —
Source: Authors’ construct

[Figure 3 here]

The scree plots generated from the PCA applied to Denmark are presented in Figure 4, while
the corresponding scatter plots are illustrated in Figure 5. The scree plots display the
eigenvalues associated with each principal component, enabling an assessment of their relative
importance. The scatter plots, on the other hand, visualise the orthogonality of the principal
components. As shown in Figure 5, the principal components are clearly uncorrelated,

reaffirming the PCA’s dimensional independence.
[Figure 4 here]

To further aid interpretation, Figure 6 presents biplots for the social, economic, environmental,
and overall IGG indicators for Denmark, respectively. Each biplot integrates both the scores of
individual observations and the loadings of variables onto a single two-dimensional plot. The
points in the biplot represent individual observations based on their scores on the first two

PCs—where proximity among points indicates similarity in their sustainability profiles. The
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arrows (vectors) denote the original variables and illustrate both their direction and strength of
contribution. Vectors pointing in the same direction suggest positive correlations, while those
in opposing directions indicate negative relationships. Longer vectors imply a greater
contribution to the explained variance, highlighting variables that exert a stronger influence in
shaping each index. Moreover, PCA results for Denmark are detailed in Appendix Tables B.2,
B.3, B.4, B.5 and B.6°. A comparative analysis of IGG scores for 1995 and 2021 is illustrated
in Figure 7, showing Czechia’s leading IGG score in 1995 and Denmark’s top position in 2021.
Additionally, social, economic, and environmental trends for 1995 and 2021 are also visualised

in Figure 7.

[Figures 5-7 here]

4.2 Empirical modelling

The relationship between IGG and energy transition in the presence of control variables can be

expressed by the following expression:

where all the variables are previously defined, and subscript i and ¢ are the number of cross-
sections and time periods, respectively. The logarithmic form of the relationship can be

expressed in the following way:

LnlGG;, = By + PLLNRET; + BoLnFD;; + BsLnGE;, + B, LnIR;, + BsLnEG;, +
BsLnINTR;; + u;y 2)

where f, is the intercept, 5; (i = 1,2, ...,6) represents the elasticity parameter to be estimated

and u;; is the independent and identically distributed error term.

4.3 Econometrics Methods

Before proceeding to estimation, we need to check cross-sectional dependence (CD), which is
crucial in studying panel data. Increasing globalisation and trade liberalisation have increased
interdependence among countries, and ignorance of this may lead to misleading conclusions
(Salahuddin, Gow, and Vink 2020). In this study, four CD tests - Breusch-Pagan Lagrange
multiplier (LM) test, Pesaran scaled LM test, Pesaran CD test, Bias-adjusted LM test (Breusch

3 Results of PCA for other countries are not provided due to space constraint. However, they are available upon
request.

17



and Pagan 1980; Pesaran 2021; Pesaran, Ullah, and Yamagata 2008)—are carried out. The

results of these tests indicate the presence of CD in the data.

In order to check the time series properties of the variables, the cross-sectionally augmented
Im-Pesaran-Shin (CIPS) unit root test (Pesaran 2007) is employed, which considers the CD
problem. Before estimating the model, it is required to confirm the presence of a long-run
relationship among the variables. Otherwise, it may be a spurious estimation. In order to check
cointegration among the concerned variables, the study applies the Pedroni (Pedroni 2004) and
the Westerlund (2005) cointegration tests. Further, the study conducts diagnostic tests,
including the variance inflation factor (VIF) test for multicollinearity, the Wooldridge test for
autocorrelation, the modified Wald test for group-wise heteroskedasticity, the slope
homogeneity test developed by Bolmquist and Westerlund* (2013), and the Hausman (1978)

test between fixed and random effect model.

The study estimates the empirical relationship among underlying variables using the pooled
mean group-autoregressive distributed lag (PMG-ARDL) model proposed by Pesaran, Shin,
and Smith (1999). The PMG-ARDL model is a dynamic model that can capture the long-run
and short-run effects of explanatory variables simultaneously. It is suitable when heterogeneity
exists among the panel and allows for the specific lag structure of the variables. One of many
appealing features of the model is that it can be applied irrespective of the order of integration
of the variables, i.e., when some variables are 1(0) and others are I(1) [but not I(2)]. Further,
the PMG-ARDL model pools the long-run coefficients while allowing short-run coefficients,
intercept, and speed of adjustment to vary across panels. Being a dynamic model, it also takes

into account the potential endogeneity among the variables.

Following Pesaran, Shin, and Smith (1999), the PMG-ARDL model for this study can be

expressed as follows:

ALnIGGit = ﬁO + piLnIGGit_l + ﬂanRETit—l + ﬁanFDit—l + B3LnGEit_1 +
BalnIRie_y + PsLnEGie_y + BeLnINTR;_y + @y X5} ALnIGGye_; +

w13 X5 ALNRET;,_; + w5 X9_ ALnFDy_j + wyyy X1y ALnGE;,_; +

w4j XI5 ALnIRy,_j + wsi; $I2g ALNEGy_j + weyj X1y ALNINTR;,_; + (3)

Equation (3) can be expressed in the error correction form as follows:

4 This test is robust in the presence of heteroscedasticity and serial correlation problems.
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ALnIGGy = By + piECTy—y + @35 X2 ALIGGy_j + wyyj X92) ALnRET;,_; +
W1 2—g ALNFDyy_j + wayj X925 ALnGE;_; + wyy; XI2) ALnIR;e_; +

wsi; - o ALNEG,_j + wey; iz o ALRINTR;_; + uy (4)

Whel‘e ECTit—l = Ln[GGlt_l - eanRETit_l - HZLnFDit—l - 93LnGEit_1 - 94Ln1Rl’t_1 -
OsLnEG;_1 — 86LnINTR;;_4 and p; is the coefficient of error correction term that indicates
the speed of converging the model to long-run equilibrium after any shock in explanatory

variables in the short run. Statistical significance of p; ensures the existence of non-linear

cointegration among the underlying variables. Moreover, 6, (= —%), 0,(= —%), 05 (=

—%),94 (= —%),95 ( _E 5) and 96( —%) are the long-run coefficients of LnRET,

LnFD, LnGE, LnINF, LnEG, and LnINTR, respectively, which are the same across panels and
Wq4j, Waij, W3, Waij, Wsij, and we;; are their short-run coefficients, which vary across panels.
However, if the pooling assumption does not hold, the MG estimator is applicable. The MG
estimator developed by Pesaran and Smith (1995) allows both the long-run and short-run
coefficients to vary across panels. To choose between PMG and MG estimators, we run the

Hausman test, where the null hypothesis is the PMG estimator?.

One of the main limitations of PMG-ARDL is that it does not consider CD, which is found in
this study. Further, the data suffers from autocorrelation and heteroscedasticity problems.
Therefore, in order to check the robustness of the result obtained from PMG-ARDL, the study
also employs the fixed effect model with the Driscoll-Kraay standard errors (DKSE) method
introduced by Driscoll and Kraay (1998), the feasible generalised least square (FGLS) method
advocated by Parks (1967), and the panel-corrected standard errors (PCSE) method pioneered
by Beck and Katz (1995). These methods estimate standard errors, which are robust to the
presence of CD, autocorrelation, and heteroskedasticity problems Hoechle (2007) and thus
provide unbiased and consistent outputs. Lastly, the study carries out the Dumitrescu-Harlin
(D-H) causality test proposed by Dumitrescu and Hurlin (2012) to check the direction of
causality among variables. The D-H causality test considers the CD problem. The D-H

causality model is illustrated below:

k k
Yie = T+ ZIk<=1 Si( )yi,t—k + ZIk<=1 /11( )xi,t—k + &t (5)

5 For further details, kindly refer to Pesaran, Shin, and Smith (1999) and Pesaran and Smith (1995).
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where 7; denotes the constant value, 6l.(k) represents the autoregressive parameters and Agk)

refers to the regression coefficients. The null and alternative hypotheses of the D-H causality

test can be defined as follows:

Hy:2; =0 Vi=12,..,N (6)

H, { =0 Vvi=12, .., N, } 7

/117‘:0 Vi:N1+1,N1+2,...,N
The null hypothesis indicates that there exists no causality for any cross-sectional units in the
panel, whereas the alternative hypothesis implies that there exists causality for at least one
cross-sectional unit in the panel. A flowchart organising and illustrating the steps involved in

the overall framework is presented in Figure 8.

[Figure 8 here]

5 Results and discussion

5.1 Descriptive statistics

The discussion starts with descriptive statistics of the concerned variables, which are given in
Table 5. It is found from the descriptive statistics that IR has the highest variation (SD =
41.683), whereas FD has the lowest (SD = 0.208). This implies that the inflation level largely
varies across these countries while they are experiencing similar financial development.
Further, IGG, RET, GE, and IR are positively skewed, whereas FD, EG, and INTR are
negatively skewed. The Jarque-Bera statistic shows that all the variables do not follow a normal
distribution except GE. From the heat plot of the correlation matrix (Figure 9), it is evident that
RET and INTR are positively correlated with IGG, whereas GE and IR are negatively
correlated with it. However, FD and EG have no significant correlation with IGG. Further, the
correlations between explanatory variables are not high. Therefore, the problem of severe
multicollinearity can be precluded from our study, which is more evident from the VIF test

(Table 6).
[Figure 9 here]

Table 5. Descriptive statistics of study variables

Variables Abbreviation Mean Std. Dev.  Skewness Jarque-Bera
Inclusive green growth IGG 100.142 4.041 20.819 7083111.000%**
Renewable energy transition RET 100.000 1.575 0.445 27.190%**
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Financial development
Government expenditure

Inflation rate

Economic globalisation

Internet access

FD 0.531
GE 20.006
IR 5.452
EG 75.822
INTR 53.017

0.208

3.004
41.683

9.818
31.332

-0.238
0.079
24.045
-0.988
-0.378

46.535%#*

1.484

10267956.000%**
150.553%**
61.920%**

Source: Authors’ construct; Note: *** denotes a 1 % significance level. (For details, see Appendix Table B.7)

Table 6. Variance inflation factor of explanatory variables

LnINTR
LnEG
LnRET
LnIR
LnFD
LnGE
Mean VIF

VIF 1/VIF
2.887 0.346
2.028 0.493
1.767 0.566
1.691 0.592
1.451 0.689
1.083 0.923

1.818

Source: Authors’ construct.

5.2 CD and CIPS unit root tests

After confirming the absence of multicollinearity problems and before proceeding with

estimation, we need to check the CD and stationary properties of the variables while dealing

with panel data. Tables 7 and 8 display the results of four CD tests and the CIPS unit root test,

respectively. The CD test results provide evidence of the presence of CD in data for all

variables. Therefore, second-generation methods are applicable to this study. Accordingly, the

result of the CIPS unit root test indicates that IGG, RET, FD, IR, and INTR are stationary at

level, i.e., I(0), whereas GE and EG are stationary at the first difference, i.e., I(1). Since the

variables are in mixed order, i.e., [(0) and I(1), and none of the variables are 1(2), the PMG-

ARDL model is appropriate.

Table 7. Results of the Cross-section dependence tests of study variables

LnlGG
LnRET
LnFD
LnGE
LnIR
LnEG
LnINTR

Breusch-Pagan LM Pesaran scaled LM Bias-corrected scaled LM Pesaran CD
6972.302%** 272.396%** 271.915%** 78.184%**
5919.413%** 229.412%%* 228.931*** 76.095%**
3248.361%** 120.366%** 119.886*** 49.257***
1728.663*** 58.325%** 57.844%%* 17.345%**
2713.479%** 98.530%*** 98.050%** 47.973%**
4976.365%** 190.912%** 190.431%*** 64.821***
7726.351%** 303.180*** 302.699%** 87.882%**

Source: Authors’ construct; Note: *** denotes a 1 % significance level.

Table 8. Result of the CIPS unit root test of study variables

With constant

Level

First difference

With constant and trend
First difference

Level
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LnIGG -3.144%*x* -5.100%*** -3.097*** -5.172%%*

LnRET -2. 497k -5.558*** -2.914%** -5.645%%*
LnFD -2.560%** -5.324%** -3.201%** -5.414%**
LnGE -1.637 -4.549%** -1.905 -4.693%**
LnIR -3.158%** -4.986%** -3.129%** -5.167%**
LnEG -2.519%** -4.876%** -2.457 -4.963%**
LnINTR -3.508%** -4.7795%** -3.928%** -4.653%**

Source: Authors’ construct; Note: *** denotes a 1 % significance level.

Since all the variables are not stationary at the level, we need to check the existence of a long-
run relationship among the underlying variables. For this, the Pedroni (2004) and the
Westerlund (2005) cointegration tests were carried out. The results of the panel cointegration
tests reported in Table 9 provide evidence for the existence of a long-run relationship among

variables.

Table 9. Results of panel cointegration tests among underlying variables

Test statistics
Pedroni cointegration test Modified Phillips-Perron t = -0.673
Phillips-Perron t = -2.036***
Augmented Dickey-Fuller t = -5.668***
Westerlund cointegration test Variance ratio = -2.1081**
Source: Authors’ construct; Note: ** and *** denote 5% and 1% significance level, respectively.

5.3 PMG-ARDL Estimation

After finding a long-run relationship among the variables, we can now estimate the
relationship. But before, pre-diagnostic checks are required. A perusal of the results of pre-
diagnostic tests in Table 10 shows that data are not poolable and have autocorrelation and
heteroskedastic problems. The result of the slope homogeneity test confirms the presence of
heterogeneity among panels. In addition, the result of the Hausman test shows the presence of

a fixed effect in the model. Table 11 reports the result of the PMG-ARDL model.

Table 10. Results of pre-diagnostic tests

Test statistics

Poolability test F (24, 644) = 1.46*
Modified Wald X2 (25) = 280000%***
Wooldridge test F (1, 24) = 54036.538***
Slope homogeneity test A=T7.991%%% Ayy; = 9.526%**
Hausman test x2 (6) =25.75%**

Source: Authors’ construct; Note: *** denotes a 1 % significance level.

A perusal of Table 11 reveals that the coefficient of the error correction term is significant at
the 5% level, and its value is negative. Therefore, it again confirms the existence of

cointegration among the concerned variables. It further implies that after any shock in the
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explanatory variables, the system converges to equilibrium by 0.038% annually. In addition,
according to the Hausman test, the null hypothesis cannot be rejected, which makes PMG
estimators applicable to our study. RET has a negative short-run impact but a positive long-run
impact on IGG in the selected EU economies. A 1% increase in RET results in a 0.038%
decrease in IGG in the short run, whereas a 1.354% increase in IGG in the long run. The
development of renewable energy technologies and plants is initially associated with higher
costs and uncertainty, which makes this project less profitable. Therefore, profit-seeking
investors remain reluctant to make their investments. Further, because of the expense of
renewable energy sources, only richer people can afford them and improve their well-being,
which further amplifies the inequality in society. Hence, when countries are transitioning from
non-renewable to renewable energy, it can hamper their prosperity and increase inequality, thus

ultimately inhibiting IGG (Maji, Sulaiman, and Abdul-Rahim 2019; Tenaw 2022).

However, in the long run, with proper government policies, when the development of the
renewable energy industry reaches that threshold level from where large-scale effect starts to
operate, costs go down, and profits increase. This lures more private investors in this industry
and makes renewable energy more available, which further stimulates the economic growth of
a country (J. Wang et al. 2023). With the availability of renewable energy sources, prices
decrease, and more people can benefit from them. In addition, the consumption of renewable
energy reduces GHG emissions, lessens catastrophic climate vents and thus makes the
environment more sustainable (Sadiq et al. 2023), which ultimately stimulates the well-being
of the people. Further, energy transition creates more job opportunities, reduces income
inequality, and increases human development (Ram, Aghahosseini, and Breyer 2020; Topcu
and Tugcu 2020; Kaewnern et al. 2023). Henceforth, RET has a favourable impact on IGG in

the long run.

Considering the control variables, GE hampers IGG in both the long and short run in these
selected nations. A 1% increase in GE reduces IGG by 0.295% and 0.017% in the long and
short run, respectively. Government spending can retard economic growth if it is more recurrent
spending (Onifade et al. 2020). Further, government expenditure degrades environmental
quality by raising economic activities (Le and Ozturk 2020). Though public spending on social
protection by EU member states is substantially high (Eurostat 2024), which increases
inclusiveness in the economy, it may fail to serve the ‘growth’ and ‘green’ part, and the ultimate

impact on IGG is detrimental.
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Inflation promotes IGG in the short run but deteriorates it in the long run. A 1% increase in IR
increases IGG by 0.002% in the short run but decreases it by 0.020% in the long run. Mild
inflation is good for the economy as it stimulates investment by creating profit-making
opportunities for investors (Uddin and Rahman 2023). However, sustained high inflation
hampers economic growth as it reduces purchasing power and creates a dubious environment
for investment (Baharumshah, Slesman, and Wohar 2016). Moreover, inflation widens the
income gap (Law and Soon 2020) and degrades environmental quality (Rahman et al. 2022).
As aresult, inflation has a negative impact on IGG in the long run. On the other hand, FD, EG,
and INTR only have significant long-run effects on IGG in these countries. A 1% increase in
FD and IR inflates IGG by 0.117% and 0.008%, respectively, while a 1 % increase in EG
reduces IGG by 0.351%. A developed financial system channels more investments in green
projects and brings socio-economic sustainability by including more people into the banking
system. Further, access to information can empower individuals, which may result in greater
work prospects and higher earnings. This will ultimately boost IGG and aid in reducing social
inequality. On the other hand, economic integration of the EU economies with the rest of the
world may fail to serve the lower stratum of society or degrade environmental quality, thus
lowering IGG. These findings are akin to studies by Ofori and Figari (2023) and Xin et al.
(2023).

Table 11. Result of the PMG-ARDL model

Coefficient Std. Error
Long Run Equation
LnRET 1.354%%** 0.143
LnFD 0.117%** 0.026
LnGE -0.295%** 0.046
LnIR -0.020%** 0.006
LnEG -0.351%** 0.050
LnINTR 0.008*** 0.002
Short Run Equation
ECT(-1) -0.038%%* 0.015
D(LnIGG(-1)) 0.121* 0.067
D(LnRET) -0.007 0.025
D(LnRET(-1)) -0.054%%* 0.022
D(LnFD) 0.001 0.002
D(LnFD(-1)) 0.002 0.002
D(LnGE) -0.017*** 0.003
D(LnGE(-1)) 0.005 0.004
D(LnIR) 0.001 0.001
D(LnIR(-1)) 0.002* 0.001
D(LnEG) 0.008 0.010
D(LnEG(-1)) 0.009 0.007
D(LnINTR) -0.001 0.001
D(LnINTR(-1)) 0.000 0.001
C -0.038*** 0.015
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Hausman test x%(6)=1.87
Source: Authors’ construct; Note: *, ** and *** denote 10%, 5%, and 1% significance levels, respectively.

5.4 DKSE, FGLS, and PCSE Estimations

In order to validate the findings of the PMG-ARDL model, the study employs DKSE, FGLS,
and PCSE methods. These methods are consistent in the presence of autocorrelation,
heteroscedasticity, and CD. Therefore, they will give robustness to the findings of the PMG-
ARDL model. The results are displayed in Table 12. The impact of RET on IGG is found to be
positive through all three models, which establishes the consistency of the findings of the study.
This statement is also true for the control variables. According to the findings of these three
methods, FD and INTR enhance IGG, while GE, IR, and EG hinder it. However, all the
coefficients are statistically significant only in the FGLS method.

For further sensitivity analysis, we employ the augmented mean group (AMG) estimator
introduced by Eberhardt and Teal (2010) and the dynamic common-correlated effects (DCCE)
estimator advocated by Chudik and Pesaran (2015). Both estimators address the problems of
nonstationarity, cross-sectional dependence, and slope heterogeneity. The results are consistent
with those of PMG-ARDL, DKSE, FGLS, and PCSE, which strengthens the reliability of our
study findings. For further details, see Appendix Table B.8.

Table 12. Results of DKSE, FGLS, and PCSE methods

DKSE FGLS PCSE
LnRET 0.594%%x 0.094%%* 0.214
(0.102) (0.007) (0.190)
LnFD 0.033 0.017%%* 0.040%*
(0.028) (0.001) (0.019)
LnGE -0.038 -0.045%%* -0.072%*
(0.030) (0.001) (0.034)
LnIR -0.003 -0.0009%%*%* -0.004
(0.003) (0.0003) (0.006)
LnEG -0.090 L0.057*** L0.170%**
(0.068) (0.003) (0.046)
LnINTR 0.005** 0.004%** 0.002
(0.002) (0.0002) (0.004)
Constant 2.387 4.549% % 4.603%%
(0.296) (0.039) (0.855)
F (6, 26) 233.15% %%
Wald x2(6) for FGLS 2408.23%%*
Wald x2(6) for PCSE 16.61%%*

Source: Authors’ construct; Note: ** and *** denote 5% and 1% significance levels, respectively.
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5.5 D-H causality test

Model estimation does not provide any information regarding the direction of causality among
the variables. Therefore, the study further carries out the D-H causality test. Table 13 exhibits
the findings of the D-H causality test. The table shows that a bidirectional causality exists
between RET and IGG, FD and IGG, and EG and IGG. On the other hand, a unidirectional
causality runs from IR and INTR to IGG. Further, a unidirectional causality running from IGG

to GE has been found.

Table 13. Result of the D-H causality (null hypotheses) test with respect to IGG

W-Stat. Zbar-Stat. Direction
RET, FD, EG (bidirectional)
sk ok
LAIGG LORET gég?:: }iﬁé:: LoRET < LnlGG
Lo icc T e
ok sk
Lt L urco T T ot
INE INTR, GE (unidirectional)
ok *kk
Lo LG S
*kk ok
LTt Lo ORI e
EE%G?;LEIIE% 3 15gews 6311%++ LnlGG — LnGE

Source: Authors’ construct; Note: *** denotes a 1 % significance level. # denotes no causality, whereas — and

<> denote unidirectional and bidirectional causality, respectively.

6 Conclusion and policy implication

The objective of the study is to explore the impact of RET on IGG in 25 European economies
over the period 1995-2021. The empirical analysis of the study is based on advanced
econometric techniques, including the PMG-ARDL model, DKSE, FGLS, PCSE methods, and
the D-H causality test. The present study is in line with previous literature (Bhattacharya et al.
2016; Topcu and Tugcu 2020; Gao and Chen 2023), exploring the impact of renewable energy
transition on three aspects of sustainability—economy, society, and environment—but
separately. The novelty of this study, on the other hand, lies in considering all three aspects of
sustainability together. For this purpose, the study using 23 indicators has devised a composite
index of IGG, which reflects most of the SDGs (SDG 2-4, 6, 7-10, 12 and 15) and unravelled
the complete impact of RET on IGG, more so in the EU. Further, where most of the previous
studies have used a single indicator of energy transition, the current study has developed a

composite index that can capture the complexity of energy transition more prominently.
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Therefore, the study provides more comprehensive findings that will be more applicable to the
context of the EU. First, the panel cointegration test results confirm the long-run relationship
among the concerned variables. The PMG-ARDL model results reveal that RET diminishes
IGG in the short run while augmenting it in the long run in the selected EU countries. Second,
the study discovers that FD and INTR foster IGG while GE, INF, and EG decline it in the long

run in these economies.

Furthermore, the findings of DKSE, FGLS, and PCSE methods provide robustness to the result
of the PMG-ARDL. Third, according to the result of the D-H causality test, a bidirectional
causality prevails between RET and IGG, FD and IGG, and EG and IGG. On the other hand, a
unidirectional causality running from IR and INTR to IGG and from IGG to GE has been found.
Moreover, our study provides greater avenues to the UN’s SDGs as it comprehends how

renewable energy transition fosters IGG in the EU.

Based on the findings, the study suggests fostering a renewable-based energy transition in the
EU countries. Despite seven EU countries ranking in the top ten of energy transitioning
countries, other countries such as Cyprus, Ireland, Czech Republic, and Italy lag behind and
perform poorly in terms of energy transition (WEF 2024). Disparities have been found in the
share of renewable energy sources among EU nations. Some countries’ shares are far higher
than the current EU average (around 22%), such as Sweden (62.6%), Finland (43.1%), and
Latvia (42.1%), while most of the countries have lower renewables shares than the EU average,
with Belgium, Ireland, the Netherlands, Malta, and Luxembourg having the lowest shares (all
under 13%). These intra-EU inequalities could restrict the overall benefit of energy transition,
and hence, it is essential for each EU member state to promote energy transition. However,
there are some practical challenges in boosting energy transition. Initially, energy transition is
accompanied by higher costs and may have a negative impact on IGG. In the long run, with
new renewable plants and technologies, energy transition can bring desirable sustainability to
the economy, society, and environment. Therefore, these countries will have to cross the first
hurdle to get the beneficial impacts of the energy transition. This can be done by channelling
more investments towards renewable energy deployment (Bhattacharya et al. 2016). However,
EU nations may find difficulties in funding energy transition due to rising defence expenditures

as a result of the Russia-Ukraine war. Special care is indeed required in this regard.

On the other hand, more attention should be paid to the EU’s manufacturing sector since the

manufacturing sector is highly energy intensive and hence is experiencing growing competition
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in net-zero technologies (Graevenitz and Rottner 2023). In this context, the “European Green
Deal” adopted by the EU nations is a key strategy for promoting a just and inclusive transition.
Therefore, EU countries should focus on making the strategy successful. The study further
suggests accelerating the wide penetration of ICTs and developing the digital infrastructure
throughout these economies to make their growth inclusive and green. This policy implication
allies with the policy provided by Xin et al. (2023) for the Chinese cities. However, the digital
divide, which is still significant in the EU, could be an obstacle (In 2021, just 54% possessed
basic or above basic digital skills (Eurostat 2023). Henceforth, the government of these regions
should also focus on skill development programs. Further, these countries should be careful
while integrating with other nations economically, as economic integration may fail to include
the lower section of society and worsen environmental quality. Therefore, if these economies’
policymakers want to promote IGG, they must rethink and redesign their FDI and trade policies
(Ofori and Figari 2023). Though the above-mentioned policies are recommended for EU
nations, they are also applicable to other similar developed economies such as Japan,
Singapore, South Korea, Australia, New Zealand, the United States, and the United Kingdom.
In addition, renewable energy transition is equally essential for transition economies like
Brazil, China, India, Indonesia, Russia, Turkey, and so on. These economies are on a transition
path and will require a large amount of energy in the coming years. If they use more renewable
energy source, it will make their progress more sustainable ecologically while ensuring social

equity. However, their challenges may be different than those of developed nations.

Despite its substantial contribution to the existing body of knowledge, the study has certain
limitations. The study is based on country-specific and annual-level data, which reduces the
granularity of the analysis. The IGG index developed in this study does not cover all 17 goals,
which limits the complete understanding of sustainability in these regions. Further, the study

does not test the potential asymmetry in the relationship between RET and 1GG.

Future research could explore the temporal and geographical scope beyond the study’s
limitations, incorporating more comprehensive data sources and alternative methodologies to
validate causality relationships. A deeper analysis of sector-specific impacts and policy
mechanisms could provide valuable insights for policymakers promoting IGG amidst energy
transitions. Asymmetry modelling techniques can capture the asymmetric nature of this
relationship, while comparative studies across regions could enhance external validity and

inform broader policy discussions on sustainability.
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Appendix A: Notes

Al

A.2.

Smil (2010) defines energy transition as “the change in the composition (structure) of
primary energy supply, the gradual shift from a specific pattern of energy provision to a
new state of an energy system.” The ongoing energy transition from fossil fuel to
renewable energy is driven by global concerns over growing greenhouse gas emissions,
climate change and energy security. Since the ratification of the Kyoto Protocol in 2005,
energy transition has progressed significantly. In 2021, the total installed capacity of
renewable electricity was 3064 gigawatts, producing about 8000 terawatt-hours of
electricity (IRENA 2022). In 2022, renewable energy consumption increased by 13%,
reaching about 46 exajoules (EJ). Most of this (more than 70%) came from wind and
solar energy, reaching nearly 20 EJ and 13 EJ, respectively (EI 2023). Energy transition-
related investment grew by 21% globally, reaching just USD 1 trillion in 2021
(BloombergNEF 2022). Renewable energy is the largest share, attracting USD 366
billion (excluding large hydropower).

The PCA transforms highly correlated variables (indicators) into mutually orthogonal
principal components (PCs), i.e., corr (P;, P;) = 0, where P; and P; are the it" and jth
PCs. The PCs have the property that the first component holds the largest proportion; the
second component holds the second largest proportion of total variation in all indicators,
and so on. If we compute as many PCs as the number of indicators, we can fully explain

the total variation of all indicators. The composite index (CI) is defined as the weighted

11P1+12P2+"'+Akpk
Al+ﬂ.2+"'+lk

average of all PCs: CI =

where Py, Py, ..., P, are the k-number of PCs and 4; > 4, > --- > A, are the successive
eigenvalues of the k X k correlation matrix of the indicators. The eigenvalues of the

correlation matrix R can be computed by solving the determinant equation |R — AI| = 0.

Corresponding to each eigenvalue (4;), the k X 1 eigenvector can be obtained by solving

the matrix equation (R — A;1)a; = 0. Finally, the PCs are obtained as normalised linear

) ) ) Pyit= Xt
functions of the standardised variables: P2it= Xita>

Prit= Xitk

where X, refers to the vector of standardised variables for the i" country in t time

period. However, before applying PCA, all the variables are normalised to ensure that
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they are positively related to the index. The following normalisation method has been

followed:

Max(Xij)—Xij
Max(Xij)—Min(X;j)

For negative indicators, x;; =

.- T Xij—Min(X;;j
For positive indicators, x;; = - (. i)
Max(Xij)—Min(X;j)

where M ax(Xl- j) and Min(X;;) are the maximum and minimum values of the jeh

observation of it" country. It will transform all the indicators on a scale of 0—1, where

the lowest value is 0 and the highest value is 1.
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Appendix B: Tables

.1: Information about extrapolated and interpolated data

Variables Time Period (Method) Country

Sanitation 1995-1999* All countries
Potable water 1995-1999* All countries
Methane emission 2021° All countries
Exposure to ambient PM.2.5 1996-1999¢, 2020-2021° All countries
Ambient PM.2.5 mortalities 2020-2021° All countries
Ambient PM.2.5 welfare cost 2020-2021° All countries
Environment-friendly technologies 2020-2021° All countries
Human capital index 2020-2021° All countries
Agricultural land 1995-1999° Belgium

Renewable energy 2021 All countries
Fossil fuel consumption 2016-2021° All countries
Carbon productive 2019-2021° All countries

Source: Authors’ construct; Note: a, b, and ¢ denote linear extrapolation, five-year moving average extrapolation, and linear interpolation, respectively

Table B.2. Principal components and eigenvalues for IGG and its sub-indices (Denmark)

Component Eigenvalue Difference Proportion Cumulative KMO Statistics
Social sustainability
Compl 5.330 4.492 0.761 0.761 0.649
Comp2 0.838 0.220 0.120 0.881 0.732
Comp3 0.618 0.468 0.088 0.969 0.828
Comp4 0.150 0.097 0.021 0.991 0.715
Comp5 0.052 0.043 0.007 0.998 0.901
Comp6 0.009 0.005 0.001 1.000 0.755
Comp7 0.004 0.001 1.000 0.775
0.761
Economic sustainability
Compl 2.887 1.805 0.722 0.722 0.635
Comp2 1.082 1.061 0.271 0.992 0.676
Comp3 0.021 0.012 0.005 0.998 0.718
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Comp4 0.010 - 0.002 1.000 0.088
Overall - - - - 0.606
Environment sustainability
Compl 9.034 7.741 0.753 0.753 0.848
Comp2 1.293 0.469 0.108 0.861 0.865
Comp3 0.824 0.398 0.069 0.929 0.676
Comp4 0.426 0.214 0.035 0.965 0.937
Comp5 0.212 0.122 0.018 0.982 0.730
Comp6 0.090 0.044 0.007 0.990 0.733
Comp7 0.047 0.016 0.004 0.994 0.930
Comp8 0.031 0.005 0.003 0.996 0.289
Comp9 0.026 0.011 0.002 0.999 0.891
Compl0 0.015 0.012 0.001 1.000 0.825
Compll 0.003 0.003 0.000 1.000 0.766
Comp12 0.000 - 0.000 1.000 0.883
Overall - - - - 0.814
IGG
Compl 2.886 2.791 0.962 0.962 0.664
Comp2 0.095 0.077 0.032 0.994 0.909
Comp3 0.019 - 0.006 1.000 0.703
Overall - - - - 0.742
Source: Authors’ construct; Note: KMO refers to Kaiser-Meyer-Olkin.
Table B.3. Eigenvectors for social sustainability (Denmark)
Variable Compl Comp2 Comp3 Comp4 Comp5 Comp6b Comp7
SANIT 0.380 0.025 0.564 -0.403 -0.341 -0.116 0.494
POP -0.422 -0.005 -0.239 0.248 -0.227 0.352 0.727
POWAT 0.411 0.012 0.054 0.759 -0.482 -0.085 -0.112
INFT 0.421 -0.008 -0.195 0.229 0.648 -0.319 0.459
LIFEXP 0.430 0.008 0.079 -0.009 0.224 0.868 -0.071
AIR -0.260 0.761 0.479 0.252 0.246 0.017 -0.006
RAIWAYS -0.280 -0.648 0.590 0.289 0.263 0.026 -0.002

Source: Authors’ construct
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Table B.4. Eigenvectors for economic sustainability (Denmark)

Variable Compl Comp2 Comp3 Comp4
INCGRO 0.562 0.264 0.784 -0.022
INEQ -0.582 0.111 0.400 0.699
HCI 0.585 -0.055 -0.381 0.714
UNEMP -0.053 0.957 -0.285 -0.034
Source: Authors’ construct
Table B.5. Eigenvectors for environmental sustainability (Denmark)
Variable Compl Comp2 Comp3 Comp4 Comp5 Comp6b Comp7 Comp8 Comp9 Comp10 Compl1 Compl2
AGRIC -0.252 -0.163 -0.196 0918 0.092 0.007 0.128 0.005 0.023 0.051 0.004 0.004
FOREST 0.329 0.091 -0.041 0.070 0.155 -0.068 0.170 0.010 -0.169 -0.056 -0.887 0.034
TEMP -0.173 0.172 0.896 0.126 0.317 0.034 0.120 0.024 0.053 -0.036 -0.010 0.004
AMB 0.314 0.169 -0.015 0.177 0.329 0.233 -0.771 0.231 -0.064 0.154 0.046 0.010
AMBMORT 0.328 -0.106 0.025 0.027 0.171 0.130 0.212 -0.292 -0.294 0.232 0.182 -0.728
AMBCOST 0.327 -0.119 0.021 0.013 0.177 0.125 0.245 -0.259 -0.349 0.231 0.253 0.682
METHANE 0.299 -0.319 0.070 0.009 -0.133 0.662 0.241 0.339 0.403 -0.111 -0.018 0.004
NATRES 0.061 0.843 -0.089 0.145 -0.321 0.299 0.182 -0.118 0.059 0.101 0.062 0.009
RENENER 0.327 0.083 0.013 0.163 -0.009 -0.118 -0.013 -0.053 -0.169 -0.871 0.233 -0.015
CARPRO 0.316 0.182 -0.095 0.016 0.220 -0.498 0.322 0.571 0.206 0.186 0.234 -0.025
FOSFUEL 0.326 -0.044 0.055 0.094 0.023 -0.243 -0.135 -0.565 0.690 0.065 -0.022 0.044
ENVTECH 0.282 -0.165 0.360 0.216 -0.727 -0.241 -0.166 0.132 -0.207 0.204 -0.025 -0.002
Source: Authors’ construct
Table B.6. Eigenvectors for IGG (Denmark)
Variable Compl Comp2 Comp3
Social 0.583 -0.324 -0.745
Economic 0.570 0.817 0.090
Environment 0.580 -0.477 0.660

Source: Authors’ construct
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Table B.7. Period-wise descriptive statistics of control variables

2010 2019 2021
Mean Mean SD Mean SD Mean SD
Financial development 0.401 0.582 0.195 0.536 0.204 0.529 0.204
Government expenditure 20.365 20.817 3.013 19.747 3.005 20.959 3.076
Inflation rate 12.885 1.912 1.557 1.766 0.997 2.949 1.185
Economic Globalisation 64.056 77.249 7.401 80.591 5.366 80.332 5.240
Internet access 2.048 69.410 14.764 84.196 8.171 88.338 6.576
Source: Authors’ construct
Table B.8. Results of AMG and DCCE estimators
AMG DCCE
L.LnIGG -0.3]18%%*
(0.065)
LnRET 0.277%%*% 0.066**
(0.004) (0.029)
LnFD 0.004 -0.003
(0.004) (0.005)
LnGE -0.009 -0.018%***
(0.009) (0.006)
LnIR 0.0003 -0.0004
(0.0010) (0.0006)
LnEG -0.007 -0.001
(0.020) (0.008)
LnINTR 0.010%** 0.0014**
(0.001) (0.0006)
Constant 3.235%%* 0.570%**
(0.195) (0.198)

Source: Authors’ construct; Note: ** and *** denote 5% and 1% significance levels, respectively.

34



References

Afonso, Tiago Lopes, Antonio Cardoso Marques, and José Alberto Fuinhas. 2021. “Does
Energy Efficiency and Trade Openness Matter for Energy Transition? Empirical
Evidence for Countries in the Organization for Economic Co-Operation and
Development.” Environment, Development and Sustainability 23 (9): 13569-89.
https://doi.org/10.1007/s10668-021-01228-z.

Afshan, Sahar, Ilhan Ozturk, and Tanzeela Yaqoob. 2022. “Facilitating Renewable Energy
Transition, Ecological Innovations and Stringent Environmental Policies to Improve
Ecological Sustainability: Evidence from MM-QR Method.” Renewable Energy 196
(August):151-60. https://doi.org/10.1016/j.renene.2022.06.125.

Ahmad, Mahmood, Jiapeng Dai, Usman Mehmood, and Mohamad Abou Houran. 2023.
“Renewable Energy Transition, Resource Richness, Economic Growth, and
Environmental Quality: Assessing the Role of Financial Globalization.” Renewable
Energy 216 (November):119000. https://doi.org/10.1016/j.renene.2023.119000.

Alvarado, Rafael, Pablo Ponce, Raquel Alvarado, Katerine Ponce, Viviana Huachizaca, and
Elisa Toledo. 2019. “Sustainable and Non-Sustainable Energy and Output in Latin
America: A Cointegration and Causality Approach with Panel Data.” Energy Strategy
Reviews 26 (November):100369. https://doi.org/10.1016/j.es1.2019.100369.

Anwar, Ahsan, Avik Sinha, Arshian Sharif, Muhammad Siddique, Shoaib Irshad, Waseem
Anwar, and Summaira Malik. 2022. “The Nexus between Urbanization, Renewable
Energy Consumption, Financial Development, and CO2 Emissions: Evidence from
Selected Asian Countries.” Environment, Development and Sustainability 24 (5): 6556—
76. https://doi.org/10.1007/s10668-021-01716-2.

Apergis, Nicholas, and James E. Payne. 2010. “Renewable Energy Consumption and Economic

Growth: Evidence from a Panel of OECD Countries.” Energy Policy 38 (1): 656—60.

https://doi.org/10.1016/j.enpol.2009.09.002.

. 2011. “The Renewable Energy Consumption—Growth Nexus in Central America.”
Applied Energy 88 (1): 343—47. https://doi.org/10.1016/j.apenergy.2010.07.013.
Apergis, Nicholas, and Ruhul Salim. 2015. “Renewable Energy Consumption and
Unemployment: Evidence from a Sample of 80 Countries and Nonlinear Estimates.”
Applied Economics 47 (52): 5614-33.

https://doi.org/10.1080/00036846.2015.1054071.

Baharumshah, Ahmad Zubaidi, Ly Slesman, and Mark E. Wohar. 2016. “Inflation, Inflation
Uncertainty, and Economic Growth in Emerging and Developing Countries: Panel Data
Evidence.” Economic Systems 40 (4): 638-57.
https://doi.org/10.1016/j.ecosys.2016.02.009.

Beck, Nathaniel, and Jonathan N. Katz. 1995. “What To Do (and Not to Do) with Time-Series
Cross-Section Data.” American Political Science Review 89 (3): 634-47.
https://doi.org/10.2307/2082979.

Bhattacharya, Mita, Sudharshan Reddy Paramati, Ilhan Ozturk, and Sankar Bhattacharya.
2016. “The Effect of Renewable Energy Consumption on Economic Growth: Evidence
from Top 38 Countries.” Applied Energy 162  (January):733-41.
https://doi.org/10.1016/j.apenergy.2015.10.104.

Bilal, Irfan Khan, Duojiao Tan, Waseem Azam, and Syed Tauseef Hassan. 2022. “Alternate
Energy Sources and Environmental Quality: The Impact of Inflation Dynamics.”
Gondwana Research 106 (June):51-63. https://doi.org/10.1016/.gr.2021.12.011.

35



Blomaquist, Johan, and Joakim Westerlund. 2013. “Testing Slope Homogeneity in Large Panels
with  Serial  Correlation.”  Economics  Letters 121 (3):  374-78.
https://doi.org/10.1016/j.econlet.2013.09.012.

BloombergNEF. 2022. “Energy Transition Investment Trends 2022.” BloombergNEF.
https://assets.bbhub.io/professional/sites/24/Energy-Transition-Investment-Trends-
Exec-Summary-2022.pdf.

Breusch, T. S., and A. R. Pagan. 1980. “The Lagrange Multiplier Test and Its Applications to
Model Specification in Econometrics.” The Review of Economic Studies 47 (1): 239—
53. https://doi.org/10.2307/2297111.

Chen, Chaoyi, Mehmet Pinar, and Thanasis Stengos. 2020. “Renewable Energy Consumption
and Economic Growth Nexus: Evidence from a Threshold Model.” Energy Policy 139
(April):111295. https://doi.org/10.1016/j.enpol.2020.111295.

Chudik, Alexander, and M. Hashem Pesaran. 2015. “Common Correlated Effects Estimation
of Heterogeneous Dynamic Panel Data Models with Weakly Exogenous Regressors.”
Journal of Econometrics, Heterogeneity in Panel Data and in Nonparametric Analysis
n honor of  Professor Cheng Hsiao, 188 (2): 393-420.
https://doi.org/10.1016/j.jeconom.2015.03.007.

Cioaca, Sorin-Iulian, Silvia-Elena Cristache, Mariana Vutd, Erika Marin, and Mihai Vuta.
2020. “Assessing the Impact of ICT Sector on Sustainable Development in the
European Union: An Empirical Analysis Using Panel Data.” Sustainability 12 (2): 592.
https://doi.org/10.3390/su12020592.

Codina, Oriol Valles, and Willi Semmler. 2024. “Time Scales of the Low-Carbon Transition: A
Data-Driven  Dynamic  Multi-Sector  Growth  Model.”  Jahrbiicher  Fiir
Nationalokonomie Und Statistik, March. https://doi.org/10.1515/jbnst-2023-0040.

Dogan, Eyup, Muhammad Zubair Chishti, Nooshin Karimi Alavijeh, and Panayiotis Tzeremes.
2022. “The Roles of Technology and Kyoto Protocol in Energy Transition towards
COP26 Targets: Evidence from the Novel GMM-PVAR Approach for G-7 Countries.”
Technological  Forecasting and  Social Change 181  (August):121756.
https://doi.org/10.1016/j.techfore.2022.121756.

Driscoll, John C., and Aart C. Kraay. 1998. “Consistent Covariance Matrix Estimation with
Spatially Dependent Panel Data.” The Review of Economics and Statistics 80 (4): 549—
60. https://doi.org/10.1162/003465398557825.

Dumitrescu, Elena-Ivona, and Christophe Hurlin. 2012. “Testing for Granger Non-Causality in
Heterogeneous Panels.” Economic Modelling 29 (4): 1450-60.
https://doi.org/10.1016/j.econmod.2012.02.014.

Eberhardt, M., and F. Teal. 2010. “Productivity Analysis in Global Manufacturing Production.”
Discussion Paper Series. University of Oxford.
https://ora.ox.ac.uk/objects/uuid:ea831625-9014-40ec-abc5-516ecfbd2118.

EI.  2023.  “Statistical Review of  World  Energy.”  Energy  Institute.
https://www.energyinst.org/statistical-review.

EIA. 2023. “International.” U.S. Energy Information Administration.
https://www.eia.gov/international/data/world.
Eurostat. 2023. “Digitalisation in FEurope — 2023 Edition.” European Union.

https://ec.europa.eu/eurostat/web/interactive-publications/digitalisation-
2023#:~:text=Nearly%20half%200f%20EU%20citizens,%25)%20and%20Denmark%
20(69%?25)).

2024. “Government Expenditure by Function — COFOG.”
https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Government_expenditure by function %E2%80%93 CO

36



FOG#:~:text=In%202022%2C%20EU%20general %20government,51.3%20%25%20
0f%20GDP%2C%20respectively.

Fay, Marianne. 2012. Inclusive Green Growth: The Pathway to Sustainable Development.
Washington D.C. World Bank Publications.
https://www.google.co.in/books/edition/Inclusive_Green Growth/ -
dLBmoHFPOC?hl=en&gbpv=0.

Gao, Chunjiao, and Hongxi Chen. 2023. “Electricity from Renewable Energy Resources:
Sustainable Energy Transition and Emissions for Developed Economies.” Utilities
Policy 82 (June):101543. https://doi.org/10.1016/).jup.2023.101543.

GGKP. 2016. “Measuring Inclusive Green Growth at the Country Level: Taking Stock of
Measurement Approaches and Indicators.” Working Paper 02. Geneva: Green Growth
Knowledge Partnership.
https://www.greenpolicyplatform.org/sites/default/files/downloads/resource/Measurin
g Inclusive Green Growth at the Country Level.pdf.

Ghourchian, Shahrzad, and Hakan Yilmazkuday. 2020. “Government Consumption,
Government Debt and Economic Growth.” Review of Development Economics 24 (2):
589-605. https://doi.org/10.1111/rode.12661.

Gill, Abid Rashid, Kuperan K. Viswanathan, and Sallahuddin Hassan. 2018. “A Test of
Environmental Kuznets Curve (EKC) for Carbon Emission and Potential of Renewable
Energy to Reduce Green House Gases (GHG) in Malaysia.” Environment, Development
and Sustainability 20 (3): 1103—14. https://doi.org/10.1007/s10668-017-9929-5.

Graevenitz, Kathrine von, and Elisa Rottner. 2023. “Energy Use Patterns in German
Manufacturing from 2003 to 2017.” Jahrbiicher Fiir National6konomie Und Statistik
243 (3—4): 319-54. https://doi.org/10.1515/jbnst-2022-0031.

Gu, Fangfang, and Xiaohong Liu. 2023. “Exploring the Impact of Natural Resources and
Energy Transition on CO2 Intensity in China.” Environmental Science and Pollution
Research 30 (36): 86110-21. https://doi.org/10.1007/s11356-023-28286-2.

Hausman, J. A. 1978. “Specification Tests in Econometrics.” Econometrica 46 (6): 1251-71.
https://doi.org/10.2307/1913827.

Hoechle, Daniel. 2007. “Robust Standard Errors for Panel Regressions with Cross-Sectional
Dependence.” The Stata Journal 7 (3): 281-312.
https://doi.org/10.1177/1536867X0700700301.

Iddrisu, Khadijah, Isaac Ofoeda, and Joshua Yindenaba Abor. 2023. “Inward Foreign Direct
Investment and Inclusiveness of Growth: Will Renewable Energy Consumption Make
a Difference?” International Economics and Economic Policy 20 (3): 367-88.
https://doi.org/10.1007/s10368-023-00562-z.

IEA. 2019. “Energy Transitions Indicators: Tracking Energy Transitions.” International Energy

Agency. https://www.iea.org/articles/energy-transitions-indicators.

. 2023. “Data and Statistics.” International Energy Agency. https://www.iea.org/data-

and-statistics.

IMF. 2023. “IMF Data.” https://data.imf.org/datasets.

Inglesi-Lotz, Roula. 2016. “The Impact of Renewable Energy Consumption to Economic
Growth: A Panel Data Application.” Energy Economics, Energy Markets, 53
(January):58-63. https://doi.org/10.1016/j.eneco.2015.01.003.

IPCC. 2018. “Summary for Policymakers — Global Warming of 1.5 °C.” Cambridge
University ~ Press: Intergovernmental Panel on Climate Change.
https://www.ipcc.ch/sr15/chapter/spm/.

Igbal, Amir, Xuan Tang, and Samma Faiz Rasool. 2023. “Investigating the Nexus between CO2
Emissions, Renewable Energy Consumption, FDI, Exports and Economic Growth:

37



Evidence from BRICS Countries.” Environment, Development and Sustainability 25
(3): 2234-63. https://doi.org/10.1007/s10668-022-02128-6.

IRENA. 2022. “Renewable Capacity Statistics 2022.” Abu Dhabi: International Renewable
Energy Agency. https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2022/Apr/IRENA_RE Capacity Statistics
2022.pdf?rev=460f190deal 5442¢ba8373d962534 1 ae.

Jan, Inayatullah, Shazia Farhat Durrani, and Himayatullah Khan. 2021. “Does Renewable
Energy Efficiently Spur Economic Growth? Evidence from Pakistan.” Environment,
Development and Sustainability 23 (1): 373-87. https://doi.org/10.1007/s10668-019-
00584-1.

Jha, Shikha, S.C Sandhu, and R. Wachirapunyanont. 2018. Inclusive Green Growth Index: A
New  Benchmark for Quality of Growth. Asian Development Bank.
http://dx.doi.org/10.22617/TCS189570-2.

Jia, Lijun, Ruoyu Xu, Z. Y. Shen, and Malin Song. 2023. “Which Type of Innovation Is More
Conducive to Inclusive Green Growth: Independent Innovation or Imitation
Innovation?”  Journal  of  Cleaner  Production 406  (June):137026.
https://doi.org/10.1016/j.jclepro.2023.137026.

Kaewnern, Hathaipat, Sirikul Wangkumharn, Wongsathon Deeyaonarn, Abaid Ullah Yousaf,
and Nattapan Kongbuamai. 2023. “Investigating the Role of Research Development
and Renewable Energy on Human Development: An Insight from the Top Ten Human
Development Index Countries.” Energy 262 (January):125540.
https://doi.org/10.1016/j.energy.2022.125540.

Kazemzadeh, Emad, José Alberto Fuinhas, Narges Salehnia, Matheus Koengkan, Masoud
Shirazi, and Fariba Osmani. 2024. “Factors Driving CO2 Emissions: The Role of
Energy Transition and Brain Drain.” Environment, Development and Sustainability 26
(1): 1673—-1700. https://doi.org/10.1007/s10668-022-02780-y.

Khobai, Hlalefang, Nwabisa Kolisi, Clement Moyo, [zunna Anyikwa, and Siyasanga Dingela.
2020. “Renewable Energy Consumption and Unemployment in South Africa.”
International Journal of Energy Economics and Policy 10 (2): 170-78.
https://www.econjournals.com/index.php/ijeep/article/view/6374.

KOF. 2023. “KOF Globalisation Index.” KOF Swiss Economic Institute.
https://kof.ethz.ch/en/forecasts-and-indicators/indicators/kof-globalisation-index.html.

Kongkuah, Maxwell. 2024. “Impact of Belt and Road Countries’ Renewable and Non-
Renewable Energy Consumption on Ecological Footprint.” Environment, Development
and Sustainability 26 (4): 8709-34. https://doi.org/10.1007/s10668-023-03068-5.

Kumar, Sanjay, A. L. Nagar, and Sayan Samanta. 2007. “Indexing the Effectiveness of Tax
Administration.”  Economic  and  Political ~ Weekly 42  (50):  104-10.
https://www.jstor.org/stable/40277058.

Lan, Xin, P Trans, and K.W Thoning. 2024. “Trends in Globally-Averaged CO2 Determined
from NOAA Global Monitoring Laboratory Measurements.” Version 2024-05. NOAA
Earth System Research Laboratories. https://doi.org/10.15138/9NOH-ZHO07.

Law, Chee-Hong, and Siew-Voon Soon. 2020. “The Impact of Inflation on Income Inequality:
The Role of Institutional Quality.” Applied Economics Letters, December.
https://www.tandfonline.com/doi/abs/10.1080/13504851.2020.1717425.

Le, Hoang Phong, and Ilhan Ozturk. 2020. “The Impacts of Globalization, Financial
Development, Government Expenditures, and Institutional Quality on CO2 Emissions
in the Presence of Environmental Kuznets Curve.” Environmental Science and
Pollution Research 27 (18): 22680-97. https://doi.org/10.1007/s11356-020-08812-2.

38



Li, Meng, Yifan Zhang, Ziyu Fan, and Hao Chen. 2021. “Evaluation and Research on the Level
of Inclusive Green Growth in Asia-Pacific Region.” Sustainability 13 (13): 7482.
https://doi.org/10.3390/su13137482.

Liao, Jixiang, Xingye Liu, Xueyan Zhou, and Nargiza Rakhimovna Tursunova. 2023.
“Analyzing the Role of Renewable Energy Transition and Industrialization on
Ecological Sustainability: Can Green Innovation Matter in OECD Countries.”
Renewable Energy 204 (March):141-51. https://doi.org/10.1016/j.renene.2022.12.089.

Maji, Ibrahim Kabiru, Chindo Sulaiman, and A. S. Abdul-Rahim. 2019. “Renewable Energy
Consumption and Economic Growth Nexus: A Fresh Evidence from West Africa.”
Energy Reports 5 (November):384-92. https://doi.org/10.1016/j.egyr.2019.03.005.

Mamidi, Varsha, Vijaya B. Marisetty, and Ewan Nikhil Thomas. 2021. “Clean Energy
Transition and Intertemporal Socio-Economic Development: Evidence from an
Emerging Market.” Energy Economics 101 (September):105392.
https://doi.org/10.1016/j.eneco.2021.105392.

Morgan, Jennifer. 2014. “THE GLOBAL COMMISSION ON THE ECONOMY AND
CLIMATE: NEW CLIMATE ECONOMY.” Washington D.C.. World Resources
Institute. https://www.deutsches-klima-
konsortium.de/fileadmin/user upload/pdfs/Briefings/Morgan 12 Nov_15.pdf.

Murshed, Muntasir, Zahoor Ahmed, Md Shabbir Alam, Haider Mahmood, Abdul Rehman, and
Vishal Dagar. 2021. “Reinvigorating the Role of Clean Energy Transition for Achieving
a Low-Carbon Economy: Evidence from Bangladesh.” Environmental Science and
Pollution Research 28 (47): 67689-710. https://doi.org/10.1007/s11356-021-15352-w.

Naqvi, Sameen, Jinchao Wang, and Rizwan Ali. 2022. “Towards a Green Economy in Europe:
Does Renewable Energy Production Has Asymmetric Effects on Unemployment?”’
Environmental  Science and  Pollution  Research 29 (13): 18832-39.
https://doi.org/10.1007/s11356-021-17093-2.

Nketia, Easmond Baah, Yusheng Kong, Isaac Adjei Mensah, Sabina Ampon-Wireko, and
Kingsley Anfom. 2022. “Inclusive Growth and the Sophisticated Influence of Carbon
Emissions, Renewable Energy, and Financial Development: An Introspective Analysis
of Africa.” Energy Sources, Part B: Economics, Planning, and Policy 17 (1): 2099038.
https://doi.org/10.1080/15567249.2022.2099038.

Ocal, Oguz, and Alper Aslan. 2013. “Renewable Energy Consumption—Economic Growth
Nexus in Turkey.” Renewable and Sustainable Energy Reviews 28 (December):494—
99. https://doi.org/10.1016/j.rser.2013.08.036.

OECD. 2023. “OECD Data Explorer.” https://data-explorer.oecd.org/.

Ofori, Isaac K., and Francesco Figari. 2023. “Economic Globalisation and Inclusive Green
Growth in Africa: Contingencies and Policy-Relevant Thresholds of Governance.”
Sustainable Development 31 (1): 452-82. https://doi.org/10.1002/sd.2403.

Ofori, Isaac K., Francesco Figari, and Nathanael Ojong. 2023. “Towards Sustainability: The
Relationship between Foreign Direct Investment, Economic Freedom and Inclusive
Green Growth.” Journal of Cleaner Production 406 (June):137020.
https://doi.org/10.1016/j.jclepro.2023.137020.

Ofori, Isaac K., Emmanuel Y. Gbolonyo, and Nathanael Ojong. 2022. “Towards Inclusive
Green Growth in Africa: Critical Energy Efficiency Synergies and Governance
Thresholds.”  Journal of  Cleaner  Production 369  (October):132917.
https://doi.org/10.1016/j.jclepro.2022.132917.

Oh, Dong-hyun. 2010. “A Global Malmquist-Luenberger Productivity Index.” Journal of
Productivity Analysis 34 (3): 183-97. https://doi.org/10.1007/s11123-010-0178-y.

Onifade, Stephen Taiwo, Savas Cevik, Savas Erdogan, Simplice Asongu, and Festus Victor
Bekun. 2020. “An Empirical Retrospect of the Impacts of Government Expenditures

39



on Economic Growth: New Evidence from the Nigerian Economy.” Journal of
Economic Structures 9 (1): 6. https://doi.org/10.1186/s40008-020-0186-7.

Parks, Richard W. 1967. “Efficient Estimation of a System of Regression Equations When
Disturbances Are Both Serially and Contemporaneously Correlated.” Journal of the
American Statistical Association 62 (318): 500-509.
https://doi.org/10.1080/01621459.1967.10482923.

Pedroni, Peter. 2004. “PANEL COINTEGRATION: ASYMPTOTIC AND FINITE SAMPLE
PROPERTIES OF POOLED TIME SERIES TESTS WITH AN APPLICATION TO
THE PPP HYPOTHESIS.”  Econometric  Theory 20 (3): 597-625.
https://doi.org/10.1017/S0266466604203073.

Pesaran, M. Hashem. 2007. “A Simple Panel Unit Root Test in the Presence of Cross-Section

Dependence.”  Journal of Applied  Econometrics 22 (2): 265-312.

https://doi.org/10.1002/jae.951.

. 2021. “General Diagnostic Tests for Cross-Sectional Dependence in Panels.”
Empirical Economics 60 (1): 13-50. https://doi.org/10.1007/s00181-020-01875-7.

Pesaran, M. Hashem, Yongcheol Shin, and Ron P. Smith. 1999. “Pooled Mean Group
Estimation of Dynamic Heterogeneous Panels.” Journal of the American Statistical
Association 94 (446): 621-34. https://doi.org/10.1080/01621459.1999.10474156.

Pesaran, M. Hashem, and Ron Smith. 1995. “Estimating Long-Run Relationships from
Dynamic Heterogeneous Panels.” Journal of Econometrics 68 (1): 79-113.
https://doi.org/10.1016/0304-4076(94)01644-F.

Pesaran, M. Hashem, Aman Ullah, and Takashi Yamagata. 2008. “A Bias-adjusted LM Test of
Error Cross-section Independence.” The Econometrics Journal 11 (1): 105-27.
https://doi.org/10.1111/5.1368-423X.2007.00227 .x.

Pham, Toan Khanh Tran. 2024. “Impact of Government Expenditure on Unemployment in
Asian Countries: Does Institutional Quality Matter?” [International Journal of
Development Issues ahead-of-print (ahead-of-print). https://doi.org/10.1108/1JDI-05-
2024-0127.

PWT. 2023. “Penn World Table Version 10.01.” Dataverse.
https://www.rug.nl/ggdc/productivity/pwt/?lang=en.

Rafindadi, Abdulkadir Abdulrashid, and Ilhan Ozturk. 2017. “Impacts of Renewable Energy
Consumption on the German Economic Growth: Evidence from Combined
Cointegration Test.” Renewable and Sustainable Energy Reviews 75 (August):1130—
41. https://doi.org/10.1016/j.rser.2016.11.093.

Rahman, Sami Ur, Faisal Faisal, Fariha Sami, Adnan Ali, Rajnesh Chander, and Muhammad
Yusuf Amin. 2022. “Investigating the Nexus Between Inflation, Financial
Development, and Carbon Emission: Empirical Evidence from FARDL and Frequency
Domain  Approach.” Journal of the Knowledge Economy, October.
https://doi.org/10.1007/s13132-022-01076-w.

Ram, Manish, Arman Aghahosseini, and Christian Breyer. 2020. “Job Creation during the
Global Energy Transition towards 100% Renewable Power System by 2050.”
Technological  Forecasting and Social Change 151 (February):119682.
https://doi.org/10.1016/j.techfore.2019.06.008.

Ren, Shuming, Lianqing Li, Yueqi Han, Yu Hao, and Haitao Wu. 2022. “The Emerging Driving
Force of Inclusive Green Growth: Does Digital Economy Agglomeration Work?”
Business Strategy and the Environment 31 (4): 1656-78.
https://doi.org/10.1002/bse.2975.

Sadiq, Muhammad, Syed Tauseef Hassan, Irfan Khan, and Mohammad Mafizur Rahman. 2023.
“Policy Uncertainty, Renewable Energy, Corruption and CO2 Emissions Nexus in

40



BRICS-1 Countries: A Panel CS-ARDL Approach.” Environment, Development and
Sustainability, July. https://doi.org/10.1007/s10668-023-03546-w.

Salahodjaev, Raufhon, Kongratbay Sharipov, Nizomiddin Rakhmanov, and Dilshod Khabirov.
2022. “Tourism, Renewable Energy and CO2 Emissions: Evidence from Europe and
Central Asia.” Environment, Development and Sustainability 24 (11): 13282-93.
https://doi.org/10.1007/s10668-021-01993-x.

Salahuddin, Mohammad, Jeff Gow, and Nick Vink. 2020. “Effects of Environmental Quality
on Agricultural Productivity in Sub Saharan African Countries: A Second Generation
Panel Based Empirical Assessment.” Science of The Total Environment 741
(November):140520. https://doi.org/10.1016/j.scitotenv.2020.140520.

Sasmaz, Mahmut Unsal, Emre Sakar, Yunus Emre Yayla, and Ulas Akkucuk. 2020. “The
Relationship between Renewable Energy and Human Development in OECD
Countries: A  Panel Data Analysis.”  Sustainability 12 (18):  7450.
https://doi.org/10.3390/sul12187450.

Shahbaz, Muhammad, Jianda Wang, Kangyin Dong, and Jun Zhao. 2022. “The Impact of
Digital Economy on Energy Transition across the Globe: The Mediating Role of
Government Governance.” Renewable and Sustainable Energy Reviews 166
(September):112620. https://doi.org/10.1016/j.rser.2022.112620.

Sidek, Noor Zahirah Mohd. 2021. “Do Government Expenditure Reduce Income Inequality:
Evidence from Developing and Developed Countries.” Studies in Economics and
Finance 38 (2): 447-503. https://doi.org/10.1108/SEF-09-2020-0393.

Smil, Vaclav. 2010. Energy Transitions: History, Requirements, Prospects. Bloomsbury
Academic.

Solt, Frederick. 2023. “Standardized World Income Inequality Database.” SWIID.
https://fsolt.org/swiid/.

Tenaw, Dagmawe. 2022. “Do Traditional Energy Dependence, Income, and Education Matter
in the Dynamic Linkage between Clean Energy Transition and Economic Growth in
Sub-Saharan Africa?” Renewable Energy 193 (June):204-13.
https://doi.org/10.1016/j.renene.2022.05.028.

Tollefson, Jeff. 2020. “How Trump Damaged Science — and Why It Could Take Decades to
Recover.” Nature 586 (7828): 190-94. https://doi.org/10.1038/d41586-020-02800-9.

Topcu, Mert, and Can Tansel Tugcu. 2020. “The Impact of Renewable Energy Consumption
on Income Inequality: Evidence from Developed Countries.” Renewable Energy 151
(May):1134-40. https://doi.org/10.1016/j.renene.2019.11.103.

Uddin, Ijaz, and Khalil Ur Rahman. 2023. “Impact of Corruption, Unemployment and Inflation
on Economic Growth Evidence from Developing Countries.” Quality & Quantity 57
(3): 2759-79. https://doi.org/10.1007/s11135-022-01481-y.

UN. 2015. “Transforming Our World: The 2030 Agenda for Sustainable Development.”
General Assembly A/RES/70/1. United Nations.

Wang, Jianrun, Muhammad Ramzan, Fauzia Makin, Ch Kamran Mahmood, Carlos Samuel
Ramos-Meza, Vipin Jain, and Malik Shahzad Shabbir. 2023. “Does Clean Energy
Matter? The Dynamic Effects of Different Strategies of Renewable Energy, Carbon
Emissions, and Trade Openness on Sustainable Economic Growth.” Environment,
Development and Sustainability, July. https://doi.org/10.1007/s10668-023-03505-5.

Wang, Zhaohua, Quocviet Bui, Bin Zhang, Chulan Lasantha K. Nawarathna, and Claudel
Mombeuil. 2021. “The Nexus between Renewable Energy Consumption and Human
Development in BRICS Countries: The Moderating Role of Public Debt.” Renewable
Energy 165 (March):381-90. https://doi.org/10.1016/j.renene.2020.10.144.

WDI. 2023. “World Development Indicators.” World Bank.
https://databank.worldbank.org/source/world-development-indicators.

41



WEF. 2024. “Fostering Effective Energy Transition: 2023 Edition.” Insight Report.
Switzerland: World Economic Forum.
https://www.weforum.org/publications/fostering-effective-energy-transition-2024;/.

Westerlund, Joakim. 2005. “New Simple Tests for Panel Cointegration.” Econometric Reviews
24 (3): 297-316. https://doi.org/10.1080/07474930500243019.

Widuto, Agnieszka. 2023. “Energy Transition in the EU.” European Parliamentary Research
Service.
https://www.europarl.europa.eu/RegData/etudes/BRIE/2023/754623/EPRS BRI(2023
)754623 EN.pdf.

Wu, Haitao, Shiyue Luo, Suixin Li, Yan Xue, and Yu Hao. 2024. “Fostering Urban Inclusive
Green Growth: Does Corporate Social Responsibility (CSR) Matter?” Journal of
Business Ethics 189 (4): 677-98. https://doi.org/10.1007/s10551-023-05561-3.

Xin, Chunhua, Shuangshuang Fan, William Mbanyele, and Muhammad Shahbaz. 2023.
“Towards Inclusive Green Growth: Does Digital Economy Matter?” Environmental
Science and Pollution Research 30 (27): 70348-70. https://doi.org/10.1007/s11356-
023-27357-8.

Yang, Bin, Qiong Wu, Arshian Sharif, and Gazi Salah Uddin. 2023. “Non-Linear Impact of
Natural Resources, Green Financing, and Energy Transition on Sustainable
Environment: A Way out for Common Prosperity in NORDIC Countries.” Resources
Policy 83 (June):103683. https://doi.org/10.1016/j.resourpol.2023.103683.

Zhu, Songping, and Azhong Ye. 2018. “Does Foreign Direct Investment Improve Inclusive
Green Growth? Empirical Evidence from China.” FEconomies 6 (3): 44.
https://doi.org/10.3390/economies6030044.

42



Figures

Figure 1. Periodic average of energy consumption by sources of EU
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Figure 3. Flow chart of obtaining IGG score
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Figure 5. Scatterplot of PCs of social, economic and environmental sustainability and IGG

Source: Authors’ construct.
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Figure 7. Countrywide IGG scores and its components: 1995 vs. 2021
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Figure 8. Flowchart of steps involved

[ Country-specific data ]

/

\~

Key explanatory Control variables:
variable: RET FD, GE, IR, EG,
INTR

Outcome variable:
1GG

[ Modellmg IGGit = f(RET, FDitt GEitt IRitl EGit' INTR“:) ]

Diagnostics

A 4

Descriptive Statistics (see CD tests: Breusch-Pagan LM
Table 4); Correlation matrix Pesaran scaled LM, Pesaran’

(see Table 5);6VIF (see Table CD, and Bias-adjusted LM
) (see Table 7)

Unit root test: CIPS (see Table
8)

y

Pre-diagnostic tests:
Poolability, Modified Wald,
Wooldridge and Hausman (see
Table 10)

Cointegration tests:
Pedroni and Westerlund (see
Table 9)

Model estimation:
PMG-ARDL (see Table 11)

LIl

A 4

Robustness check: | ‘ Causality test:

DKSE, FGLS, & PCSE D-H causality test (see
(see Table 12) Table 13)

Source: Authors’ construct; Note: IGG represents inclusive green growth; RET represents renewable
energy transition; FD represents financial development; GE expenditure represents government
expenditure; IR represents inflation rate; EG represents economic globalisation; INTR represents internet
access; VIF represents variance inflation factors; CD represents cross-sectional dependence; LM
represents Lagrange multiplier; CIPS represents cross-sectionally augmented Im-Pesaran-Shin; PMG-
ARDL represents pooled mean group-autoregressive distributed lag; DKSE represents Driscoll-Kraay
standard errors; FGLS represents feasible generalised least square; PCSE represents panel-corrected

standard errors; D-H represents Dumitrescu-Harlin

11



Figure 9. Heat plot of the correlation matrix
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