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ABSTRACT

Holistic approaches to meeting human needs while also protecting environmental resources and securing the ecological capacity
needs of future generations are critical for sustainable development. Therefore, it is a strategic priority for firms to develop pro-
duction and management practices that focus on sustainability at both economic and ecological levels. This study took a novel
approach to extend the dynamic capabilities theory to a macroeconomic context of sustainable development. The green growth
processes of G-8 countries are examined in the context of dynamic capabilities theory using annual data for the years 1990-2021.
We examined how green technology investments and energy productivity levels affect green growth as a major indicator of
sustainable development, while controlling for the differences in environmental policy stringency level and the amount of green
energy supply. The CS-ARDL method, which is sensitive to cross-sectional dependence, was used in the study. Positive impacts
of both green technology investments and energy efficiency on green growth were observed, with insignificant impacts from the
duo of environmental policy stringency and the amount of green energy supply. This outcome buttresses the increasing need to
not only boost the amount of investment in green technology, but also pay attention to stimulating energy productivity levels for
attaining sustainable development goals (SDG-8) among the G-8 countries.

JEL Classification: Q01, Q50, Q55, Q43, C80

1 | Introduction environmentally friendly strategies and production processes

developed at the micro level not only contribute to firm perfor-

The implementation of the sustainable development concept is
not only for isolated sectors but should encompass all compo-
nents of the economic system to guarantee long-term welfare.
In this context, the Dynamic Capabilities Theory represents a
micro-level approach based on sustainable development prin-
ciples and aimed at implementation at the enterprise level.
Dynamic capabilities focus on the capacity of firms to adapt
to changing environmental conditions, restructure their re-
sources, and achieve sustainable competitive advantage. Such

mance but also support the achievement of sustainable develop-
ment goals at the macroeconomic level.

Dynamic Capabilities Theory (DC) is a theory that emerged to
complement the inadequacy of resource-based thinking to inter-
pret the development and redevelopment of existing resources
and capabilities in environments experiencing rapid change
(Bleady et al. 2018). The theory was first put forward by Teece,
Pisano, and Shuen in 1997. This theory is briefly defined as the
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capacity of a firm or organization to develop the capabilities
they need to maintain their existing competitive advantage in
line with rapidly changing environmental conditions and to in-
tegrate into new situations. Thus, dynamic capabilities theory
encompasses the ability of firms to innovate, make strategic de-
cisions in rapidly evolving new situations, and restructure their
resources. Considering the analytical objectives of the theory,
it can be categorized as the capacity to perceive and navigate
opportunities and threats, to take advantage of opportunities,
and to maintain competitiveness by developing, protecting, and,
when necessary, restructuring the tangible and intangible as-
sets of the business (Teece 2007). In this context, DC theory is a
micro-based theory. However, with its sustainable competitive
advantage approach, it is also the basis for sustainable develop-
ment theories in the face of changing environmental conditions
in the macro sense (OECD 2011; UNEP 2011).

The concept of sustainable development first entered the litera-
ture in 1987 with the “Our Common Future” report published
by the United Nations World Commission on Environment and
Development. The concept refers to a development model that
combines economic growth, environmental protection, and so-
cial equity to meet the needs of the current generation without
jeopardizing the ability of future generations to meet their own
needs (WCED 1987). The relationship between sustainable de-
velopment and dynamic capabilities theory examines the cor-
relation between the ability of firms and countries to adapt to
rapidly changing environmental and economic conditions and
their capacity to achieve sustainable development goals. In this
context, these two theories are closely related in that one focuses
on sustainability from a micro perspective and the other from a
macro perspective.

Dynamic capabilities play a critical role in supporting sustain-
able development. In particular, the use of dynamic capabilities
in innovation processes targeting sustainability can be effective
in improving both environmental and economic performance
of firms (Wang and Ahmed 2007). Dynamic capabilities theory
can support sustainable development in a macro sense by start-
ing from the known micro basis. Through their ability to adapt
to new, changing situations and maintain competitiveness,
firms can realize the innovations necessary to achieve environ-
mental sustainability and redirect their resources in a way that
is appropriate for long-term strategic goals (Teece 2007). Green
technology investments and sustainable development keys, such
as energy efficiency, can be supported through dynamic capabil-
ities. These capabilities make it easier for firms to comply with
environmental regulations and adopt sustainable business mod-
els. Therefore, sustainable development can be realized in line
with the desired goals.

Meanwhile, the concept of green growth first came to the
agenda at the Rio+20 Conference on Sustainable Development
in 2012 (UN 2012). The theoretical idea of green growth argues
that economic expansion can be achieved without necessarily
jeopardizing the ecology of our planet (Ayres and Simonis 1993;
Weizsidcker et al. 1998). The idea of a green economy is a more
innovative and environmentally friendly approach that emerged
in line with sustainable development goals (Sahin 2019).
Therefore, green growth can be interpreted as a reflection of
macroeconomics in view of practices that align with dynamic

capabilities. Dynamic capabilities are critical for maintaining a
firm's competitive advantage in markets, especially in rapidly
changing conditions. This advantage can be made sustainable
through green growth strategies (Eisenhardt and Martin 2000).
Moreover, dynamic capabilities increase the capacity of firms to
develop long-term sustainability strategies in times of environ-
mental uncertainty. This feature contributes to the sustainabil-
ity of green growth in the long run (Helfat and Peteraf 2003).
In this context, dynamic capabilities theory provides a critical
framework for green growth strategies to succeed. It enables
firms to develop the innovative capabilities necessary to en-
hance economic growth while achieving environmental sus-
tainability and adapting these capabilities to rapidly changing
market conditions. It therefore provides a foundation for green
growth in line with sustainable development.

Sustainable development aims to achieve better living condi-
tions while taking into account the limitations of nature. In
this regard, in 2015, the United Nations General Assembly ap-
proved 17 Sustainable Development Goals (SDGs) that are quite
comprehensive, with the aim of promoting the organizational
implementation and integration of sustainability to provide a
sustainable future that balances economic, social, and environ-
mental development in order to meet the future needs of stake-
holders. These goals aim for a future that is economically and
socially better and more sustainable, within the limits of the
environment, and in an environmentally friendly manner. SDG
13 (Climate Action) targets countries’ policy and technology-
based adaptation processes and the strengthening of carbon re-
duction capacity in the fight against climate change (UN 2015).
When evaluated at the micro level, dynamic capabilities the-
ory treats climate change as a systemic external shock. It thus
provides an effective tool for explaining how economic actors
respond to this shock. SDG 17 (Partnerships for the Goals) in-
dicates that sustainable development can be achieved through
multi-stakeholder governance, international cooperation, and
knowledge sharing (UN 2015). The theory of dynamic capabili-
ties converges with this goal in terms of relational and network-
based capabilities. When evaluated from a macro perspective,
countries’ attitudes, support, and participation in international
climate agreements, technology transfer mechanisms, and mul-
tilateral R&D collaborations enable the collective development
of dynamic capabilities (Helfat et al. 2007). In light of these ex-
planations, the necessity of a strong micro foundation for robust
macro stability and sustainable development becomes apparent.

As shown in Figure 1, firm-level dynamic capabilities are
linked to the green growth strategy, which is a fundamental
component of sustainable development policies and is typically
achieved through the transformative processes of green technol-
ogy and green energy. These processes highlight specific chan-
nels through which the DC relationship operates (Ambrosini
and Bowman 2009; Eisenhardt and Martin 2000; Hart and
Dowell 2011; Lopez et al. 2007; Teece 2007; Teece et al. 1997).
Figure 1 shows the dynamic and evolutionary links between
dynamic capabilities, green growth (in line with sustainable
development goals), and environmental and policy feedback
mechanisms as a whole. In this context, dynamic capabilities
are seen to be based on R&D, human capital, and technology
adaptation, and are functionalized through processes of percep-
tion, capture, and transformation. Furthermore, DC processes
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FIGURE1 | Schematiclink among dynamic capability, green growth and the environment. Source: Authors' design.

conceptualize the fundamental capacity development mecha-
nism that enables green innovation and technology adoption.
These innovations bring about increases in efficiency and pro-
ductivity. Thus, they initiate a process towards green growth,
expressed as sustainable economic growth and reduced environ-
mental pressures. This figure also reveals linear relationships by
showing the feedback loops between DC and macro variables.
As can be seen from the arrows in the figure, environmental im-
provements and enhanced ecosystem services provide ecologi-
cal feedback by supporting more advanced innovation. In line
with this process, green growth policies translate into national
policy responses such as carbon regulations, green incentives,
R&D support programs, and renewable energy targets. National
policy goals and implementations, in turn, shape innovation be-
havior and thus promote the evolution of dynamic capabilities at
the company level. Other factors, such as the financial system,
institutions, human capital, and technology transfer, also help
these processes become effective by facilitating them. Hence,
Figure 1, based on the fundamental principles of green growth
and dynamic capabilities theory, considers companies, policies,
and the environment as a co-evolutionary system that interacts
through continuous learning and adaptation.

The G-8 countries, in particular, have shown some upward
trends in green growth, albeit at different rates, as shown in
Figure 2. The UK and France have shown a marked increase
in supporting green growth, especially recently, while Canada
has shown the most stable trend in green growth. On the other
hand, while France appears to be in the best position, Russia
still ranks lowest among this group of countries in terms of
green growth performance. However, the most striking point in
Figure 2 is that the green growth trends of these countries in
general show a continuous and steady increase. This situation
can be interpreted as an indication that green growth policies
in G8 countries are effective. In this context, the successful
implementation of policies can be interpreted as meaning that
steady progress can be made towards sustainability goals. The
G8 countries are a good example in this regard.

The study thus extends the frontiers of environmental and eco-
nomic sustainability in the literature by viewing green growth
from the dynamic capability perspective. In this respect, it
provides an instance of how these two important concepts in
the literature can be handled together. While dynamic capa-
bilities theory has been examined at the firm level to provide
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FIGURE2 | Green growth trend in the G-8. Source: Authors’ computations using OECD statistics.

competitive advantage, this study takes the theory to the macro
level and shows how it can be used to help countries achieve
their sustainable development goals. This aspect of the study
strengthens the link between theory and practice and brings a
new perspective to the green growth literature. A unique em-
pirical analysis of how dynamic capabilities shape countries’
sustainable development attainment using the G-8 scenario
was provided by assessing the integral roles of notable capa-
bilities indicators like green energy supply, green technology
investments, energy efficiency, and environmental policy
stringency. Thus, it fills the existing gap in the literature and
provides concrete data-driven insights for SDG policymakers
and stakeholders.

Following this background introduction, the remaining part of
the study continues with a review of the relevant literature in
Section 2, followed by the methodology discussion in Section 3.
The results of the empirical analysis were presented and dis-
cussed in Section 4, while Section 5 wraps up the study with
recommendations.

2 | Literature Overview

The empirical literature that considers the practices that are in
line with the goal of sustainable development is quite extensive.
The determinants of environmental pollution, the environmen-
tal impacts of clean energy, and the environmental damages of
growth are among the most researched topics. However, green
growth in particular refers to a new generation, environmen-
tally friendly approach to growth that has emerged within the
scope of sustainable development goals. Hence, green growth
studies constitute a relatively new and less-researched aspect of
the voluminous empirical literature of environmental research.
A synopsis of the current green growth-oriented empirical liter-
ature is presented in Table 1.

Considering the literature review, most existing studies have
shown that GE, GI, and EE positively affect green growth.
Although different samples are used in existing studies, the
variables used in the model are largely similar. This situation is
insufficient in terms of evaluating the diversity of green growth
determinants. The variables used can be differentiated, and a
different perspective can be brought to green growth processes.
However, it is noteworthy that the estimators used are second-
generation dynamic estimators. In this respect, the existing lit-
erature is multifaceted. Furthermore, the literature has focused
on the positive and significant impact of renewable energy con-
sumption. The difference between this study and the existing lit-
erature is that it focuses on renewable energy supply rather than
renewable energy consumption. This allows for the evaluation
of the impact of green energy supply as one of the most effective
factors in green growth processes.

Another innovation in this study is the control for important
variables that have been ignored in the relevant literature,
such as the environmental policy stringency index. This con-
trol allows the effectiveness of green growth policies to be
observed while scrutinizing the question of whether these
factors (green technology and energy productivity) drive
green growth among the G-8 countries. Besides, consider-
ing that the dynamic capability perspective is explored from
a macroeconomic perspective in this study, it is also import-
ant to note that adopting the concept of energy productivity
is quite beneficial within the scope of the study rather than
efficiency. Energy efficiency mainly reveals the technical link
between energy input and physical output, such that less en-
ergy use gets the same task done, unlike energy productivity,
which is mainly an economic concept that measures the lev-
els of economic value produced per unit of energy consumed.
Although the empirical literature on green growth has begun
to increase, more research is needed to examine the impact of
micro-level change processes on green growth from the prism
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TABLE1 | Summary of current literature.

Author(s) Sample and analysis period Method Findings

Anwar et al. (2024) Selected Fragile Countries Panel Quantile Regression GT and FD positively affect GG.
1996-2019

Chhabra et al. (2024) Emerging Economies DCCE An increase in RE increases GG.
2000-2020

Sohag et al. (2021) OECD CS-ARDL RE and TI positively affect the GG.
1980-2016

Hussain et al. (2022) High-GDP Countries CCEMG-AMG They found that GT increases
2000-2020 GG and EC reduces GG.

Mohsin et al. (2022) ECOWAS DEA The increase in Re and
1990-2018 R&D increases GG.

Yao et al. (2023) BRICS CS-ARDL Tourism promotes GG in
1990-2020 the long and short term.

Luo and Zhang (2022) China Meta frontier SBM model ER has a positive effect on GG.
1990-2018

Su and Gao (2022) China NARDL ET, ER, and FI positively affect GG.
1993-2020

Gorji and Martek (2023) 40 countries FGLS The contribution of RE sectors to GG.
2010-2021

Dzwigot et al. (2023) AB GMM The increase in re and
2000-2020 EE increases GG.

Khan et al. (2023) OECD MMQR EE, RE, and GT GG positively affect.
1990-2020

Appiah et al. (2024) Sub-Saharan Africa 1996-2018

Anwar et al. (2024) Selected Fragile Countries

1996-2019

Quantile regression

Panel Quantile Regression

Some IQ indicators increase GG

GT and FD positively affect GG.

Abbreviations: DEA, Data Envelope Analysis; EC, Energy Consumption; ECOWAS, West African States Economic Community; EE, Energy Efficiency; ER,
Environmental Regulation; ET, Environmental Technology; FD, Financial Development; FI, Financial Innovation; GG, Green Growth; GT, Green Technology; IQ,

institutional quality; RE, Renewable Energy; TI, technological Innovations.

of how they relate to country-level policy structures and im-
plementations in order to enhance sustainable development.
Most existing studies on dynamic capabilities theory have
been examined at the firm level in terms of the search for com-
petitive advantage, but this study broadens the perspective to
the macro level to show how these capabilities facilitate coun-
tries’ sustainable development agenda. Thus, it strengthens
the theory-practice link and brings a new perspective to the
growing green growth literature.

3 | Data, Methods, and Theoretical Framework

This study analyzes the green growth processes of G-8 countries!
in the context of the dynamic capabilities theory that supports
sustainable development. The model is estimated using annual
data for the period 1990-2021. The independent variables con-
sidered are the factors that ensure growth with the aim of zero
emission, in line with Sustainable Development Goals (SDGs).
Green growth is defined as an environmentally friendly and sus-
tainable economic growth in line with the SDG-8 mandates. The
study leverages the OECD indicators for green growth among
member nations. We adopted the environmental and resource

productivity aspects of the green growth signal. Utilizing this
proxy offers some advantages, as observed by the OECD. Firstly,
it helps to measure the dynamics of green economic expansion
in terms of natural resources efficiency. Secondly, the indicator
covers production facets of environmental degradation, which
are often neglected in economic modeling, in contrast to the
common consumption-based pollutant emission measures that
dominate the existing literature. By this, the idea of the scrutiny
relies on how much of energy-related carbon pollution is exerted
for every unit of economic expansion that we create.

In line with the dynamic capability theory, we selected certain
factors that reflect business capacities to adapt to changing en-
vironmental conditions and the capacities to restructure their
resources to attain a sustainable competitive edge on an aggre-
gate level. Firstly, we considered the level of green energy supply
(GES) as a major capability indicator, especially in the face of
the growing need for energy transition to an environmentally
friendly form of energy. Green energy supply reduces carbon
emissions, minimizes dependence on fossil fuels, and thus serves
as an effective factor for the foundation of sustainable growth. In
this context, the increase in renewable energy sources should di-
rectly support sustainable growth by improving environmental
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quality. The literature has generally focused on renewable en-
ergy consumption and mainly reveals that renewable energy
has a positive effect on growth (Apergis and Payne 2010; Bilgili
et al. 2016). But then, the new shift in the argument would be
about how green the economic growth is in this context? Hence,
the impacts of GES on GG were scrutinized by examining the
proportion of renewable energy production within the G-8 total
energy generation capacity.

Besides the levels of green energy supply, the amount of Green
technology (GT) was also examined. GT is expected to enhance
capability by supporting sustainable growth through innova-
tion in an environmentally compatible manner. It should also
increase efficiency in production processes, reduce resource
use, and consequently lower emission rates. In this context, the
number of environmental patents among the G-8 countries was
adopted as a tool for scrutinizing GG. Romer's (1990) endoge-
nous growth theory argues that technological innovation is the
source of long-term growth, and it has also been observed that
innovations made in an environmentally compatible manner
generate both economic and environmental benefits (Costantini
and Mazzanti 2012).

Furthermore, considering that there are variations in the
levels of efficiency in energy technologies, coupled with the
differences in regulations across countries, we controlled for
these two key factors. The quest for higher energy efficiency
(EP) remains pivotal to attaining sustainable development.
This is because better EP enables lower energy consumption
per unit of output, thus leading to reduced costs and improved
environmental quality as a result of less carbon emissions
from the lower energy use. Ang (2007) showed that energy in-
tensity is of critical importance in economic growth and emis-
sion reduction. Paramati and Mo (2017) have also observed
that energy efficiency has a long-term reducing effect on car-
bon emissions.

The level of strictness of environmental policies (EPI) was
also controlled for in the model. The EPI encapsulates policy
frameworks that are implemented to curb pollution, including
taxes, emissions trading systems, and other green incentives
by governments to reduce environmental pollution. The the-
oretical assertion of the hypothesis established by Porter and
van der Linde (1995), maintained that strict environmental
regulations have a positive effect on innovation and productiv-
ity in the long term. The major presupposition, however, was
that such policies are well-designed. Hence, there is a need for
empirical investigation to properly understand whether EPI
produces expected environmental gains. Albrizio et al. (2017)
found that strict environmental policies increase energy effi-
ciency and the adoption of clean technologies. Additionally,
the OECD (2020) report shows that strict environmental pol-
icies play a decisive role in reducing emissions and promot-
ing green innovation. Hence, we control for this factor. The
adopted EPI index shows the degree to which environmental
policies explicitly or implicitly place a price on polluting or en-
vironmentally damaging behavior. The index varies between
0 and 6, with 0 implying not strict, and the highest degree of
strictness follows consecutively up to level 6. Table 2 provides
variable descriptions.

TABLE 2 | Indicators and descriptions.

Variable and Measurement
symbol and definition Database
Green growth GDP/energy- OECD statistics
(logGG) related CO,
emissions
(Production-based
CO, productivity,
US dollars per
kilogram, 2015)
Green Number of OECD statistics
technology environmental
(logGT) patents
(Percentage)

Green energy Percentage of OECD statistics

supply (IogGES)  renewable energy
production in total

energy (Percent)
Energy Energy OECD statistics
productivity productivity, GDP
(logEP) per unit of TPES

(US Dollar, 2015)
Environmental  En. Pol. Stringency OECD statistics
policy (logEPI) Index (01-61) (Kruse et al. 2022;

Botta and
Kozluk 2014)

3.1 | Model and Empirical Procedure

We adopted the model estimated in Yao et al. (2023), Gorji and
Martek (2023), and Kazi et al. (2021) as follows:

LogGG;, = f, + p,LogGT;, + f,LogGES;, + p;LogEP;, + f,LogEPL;, + u;,

@

The natural logarithmic transformations of all variables were
used. In the equation, i stands for horizontal cross-section,
and t stands for years. In the model, § is the constant term,
b1, B, P, B4 are the coefficients of independent variables and
u; is the error term. In Equation (1) the level of green growth
(GG) is determined by green energy supply (GES) and green
technology (GT) while controlling for energy efficiency
(EP) and the variations in environmental policy stringency
(EPI) level.

The Dynamic Capabilities Theory, which forms the basis of
this study, was originally developed at the firm level, as previ-
ously explained (Teece et al. 1997). However, with the subse-
quent development and updating of the literature, it has also
been adapted to the macro level in the context of national in-
novation systems, sectoral transformation, and green growth
strategies (Fagerberg 2018; Teece 2018). In this context, long-
term structural changes such as environmental sustainabil-
ity, green transformation, and the circular economy require
institutional capacity, technology accumulation, and policy
alignment at the country level, going beyond the firm level.
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Therefore, at this stage, the representation of dynamic capa-
bilities applications through macro indicators is included in
the literature.

The variables included in the model were determined by eval-
uating indicators that could represent them at the macro level
based on the DC theory. In the literature on dynamic capabili-
ties, sensing represents the ability of economic actors to recog-
nize technological opportunities, environmental risks, and new
market needs at an early stage (Teece 2007). At the macro level,
this capability can be assessed in terms of a country’s knowl-
edge production infrastructure, R&D ecosystem, and techno-
logical awareness of environmental issues. Particularly in the
sustainable development literature, environmental patents are
considered a generally accepted measure of green innovation,
environmental technological competence, and knowledge-
based sensing capacity (Johnstone et al. 2010; Popp 2019). In
this regard, the use of environmental patents as the macro di-
mension of the dynamic capabilities theory is theoretically
consistent. Seizing ability refers to the conversion of perceived
opportunities into concrete investments, policy preferences,
and resource allocation (Teece 2007). Renewable energy rep-
resents countries' clean energy levels and is therefore used as an
effective tool in sustainable development goals. In this context,
renewable energy is evaluated as a macro indicator in environ-
mentally friendly growth strategies. In the literature, renewable
energy investments are considered alongside dynamic policy ca-
pacity, green industry strategies, and sustainable development
orientations (Aghion et al. 2016; Marques and Fuinhas 2012).
The energy efficiency variable, on the other hand, can be asso-
ciated with transforming capacity in Teece's study. According
to transforming capacity, existing production structures, tech-
nological infrastructure, and institutional arrangements are re-
structured in the long term (Teece 2014). Energy efficiency is an
environmentally friendly representative of green transformation
processes. Increases in energy efficiency are directly related to
technological diffusion, institutional adaptation, and long-term
sustainable growth (Filippini and Hunt 2015; IEA 2023).

To start the empirical procedure, the correlation relationship
between the variables was investigated first, and thereafter,
we proceeded to carry out a CD test. This test represents an
important pre-test for making estimations in panel data analy-
sis. Determining the presence of cross-sectional dependency is
one of the first steps in determining the coefficient estimator.
In this context, Breusch and Pagan (1980) “CDLM” test is uti-
lized to determine the presence of CD. The Breusch and Pagan
(1980) CDLM test is derived from the squares of the pair-wise
correlation coefficients of the error terms. It is also considered
to produce efficient results when the cross-sectional dimension
(N) is relatively smaller than the time dimension (T) (N<T)
(Pesaran 2004, 4-5). The equation of the CDLM test statistic
is as follows:

N
N-1 ~2
CDiy =T Zi:l ) Z Tpi]' @

Jj=i+1

P in the equation denotes the sample estimate for the pair-wise
correlation coefficients of the error terms.

Additionally, determining the heterogeneity of slope coefficients
is as critical as CD. It constitutes an important step in long-run
estimation in panel data analyses. This test was developed by
Pesaran and Yamagata (2008). The equations used to investigate
the heterogeneity of slope coefficients are as follows:

-1 _ . -1 _
A=\/N<N S % k>veAadj=\/ZvN S% —1 3

\/ 2k [2k(T—k-1)
T+1

The Equation (2) works better for small observations, while
the third equation is used for larger observations. The initial
screening conducted indicated the possibility of CDs; as such,
the selection of the CADF test, which is a second-generation
unit root test, is justifiable. The CADF test is a test developed by

Data and
Model

Diagnostic

Coefficient

N
e Data collection
e Creating a model
e Correlation relationship y
~
e CD Test
¢ Homogenity Test
¢ Unit Root Test and Cointegration y
e CS-ARDL
J

Estimator

FIGURE 3 | The analytical procedure.
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Pesaran (2007) as follows: in Equation (4), and a lag term rep-
resents the new notations in Equation (5).

AYy =7+ 0 + iV + WAV + py “@

- P - P
AYy=m+ 0y, 1 +rYia+ Zj:0 WAy, + 2]:1 S Ay + My

®)

In the equation, y,_;and Ay,,_; denote the lagged level averages
as well as the first difference for horizontal cross-sections.

Subsequently, the test developed by Westerlund (2007) was used
to investigate the existence of a long-run relationship between
the variables after the CD was confirmed. The CS-ARDL ap-
proach of long-run coefficient estimation was later followed in
the study. This estimator takes CD into account and is used in
the presence of heterogeneous slope coefficients. The estimator
has also been confirmed to be more consistent in the presence
of CD and heterogeneous coefficients than the results obtained

through some other contemporary approaches like the MG,
PMG, and AMG estimators (Onifade and Alola 2022). The CS-
ARDL estimator is based on the calculation of dynamic joint
correlated effects.

Pw . ) 23 .
W=D " LiW i+ BLiZ +e, (6

In the presence of CSD, Equation (6) is used to represent an
ARDL model. The equation used to calculate the long-run co-
efficients and the average group estimator following (Chudik
et al. 2016) are as related from Equations (7-10). Figure 3 cap-
tures the analytical procedure of the empirical investigations.

D; D1 pv
oo BL P

7CS— ARDL,i= —=2" " .1 @
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and at the same time:

AMG=~ 3" i ®)

i=1

Put o .
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TABLE 3 | Correlation relationship between variables. 9)
P; . P 4.
+ ) BLINZ + ) LXK ey,
logGG 1logGT 1logGES 1logEP logEPI - -
logGG 1 Also;
logGT 0.1582 1 R b~
T-=—<1— . I,i) 10
logGES  0.3462  0.3344 1 ! ZI=1 7 (10)
logEP 0.8820 0.1455 0.2131 1 4 | Results
logEPI 0.7587 0.5289 0.4763 0.7401 1
4.1 | Preliminary Analysis
First, the correlation relationship between the variables was in-
TABLE4 | CD and homogeneity test results. vestigated in Table 3. According to the correlation table, there is
- a close relationship between energy efficiency and green growth.
CD test Homogeneity test The relationship between these two variables is at the expected
Test Statistic p Delta p level and can be supported theoretically. Table 4 shows the results
wor er of two important diagnostic tests required for the coefficient esti-
LM 52.92 0.003 15.985  0.000 mator namely, the CD test and the slope homogeneity test results.
LMadj 8.315 0.000%**
LMCD 3795 0.000%**  Adi 17734 0.000%* The statistics in the Table 4 indicate that the null hypothesis is
: : v . : rejected for both the CD test and the homogeneity test. In this
Note: The notations *** denotes significance at 1% significance level. context, it is concluded that the estimated model contains CD
TABLE 5 | Unitroot results.
Level F. Difference
Constant Cons + trend Constant Cons + trend
Variables Z[t-bar]/(p) Z[t-bar]/(p) Z[t-bar]/(p) Z[t-bar]/(p)
logGG —2.79 (0.003**%) —1.39 (0.082%) — —
logGT —1.82 (0.034*%) —3.19 (0.001%**) — —
logGES 2.40 (0.992) 0.37 (0.644) —6.15 (0.000%*%) —5.49 (0.000%**)
logEP 1.16 (0.879) 2.15(0.984) —5.18 (0.000%*%) —4.52 (0.000%*%)
logEPI —2.24 (0.013**) 0.00 (0.503) — —

Note: Lag length is 1. *, **, *** denotes significance at 10%, 5%, 1% significance level.
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and the slope coefficients are heterogeneous. Since the model
estimated in this study contains CDs, the CADF test, which is a
second-generation unit root test, was utilized.

Since the model includes CD, the CADF test is used. The test
results as reported in Table 5 indicate that InGES and InEP
variables are stationary at I(1) level. On the other hand, other
variables are stationary at the level. The test developed by
Westerlund (2007) was used to investigate the existence of
a long-run relationship between the variables. This test can
be used both in the presence and absence of CD. In the pres-
ence of CD, the results of the bootstrap option are considered
(Westerlund 2007).

The second-generation cointegration test is used to investigate
the cointegration relationship between variables, and the results
are presented in Table 6. Since the model includes CD, bootstrap
probability values are taken into account. The p value indicates
the existence of cointegration. After the cointegration is veri-
fied, the coefficient estimate is made. CS-ARDL is used as the

TABLE 6 | Panel ECM co-integration test.

asym Bootstrap
Statistics P P
g-tau —5.787 0.000%** 0.000%**
g-alpha —14.556 0.000%** 0.000%**
p-tau —6.632 0.000%** 0.000%**
p-alpha —20.080 0.000*** 0.000***

Note: The notations *** denote significance at 1% significance levels. The fixed
option is used. Bootstrap was run as 1000.

TABLE 7 | CS-ARDL results.

long-run coefficient estimator in this study. This estimator takes
CD into account and is used in the presence of heterogeneous
slope coefficients.

4.2 | Long-Run Discussions

Since the model includes CD, the second-generation coefficient
estimator CS-ARDL is used. We analyze the link between green
growth and the identified determining factors. The CS-ARDL
supplies the impacts of these factors on green growth for both
the short-run and long-run scenarios as reported in Table 7.

It was observed in the short run that only the amount of green
technology (GT) and the level of energy efficiency (EP) signifi-
cantly affect green growth within the G-8 countries. In the short
term, it has been observed that the only factors significantly
influencing green growth in G8 countries are the amount of
green technology (GT) and the level of energy efficiency (EP).
It has been found that variables that are statistically significant
in the short term are similar to those that are significant in the
long term. A 1% increase in green technology in the short term
increases the dependent variable by 0.060%. This observed re-
sult is in the expected direction and supports the literature, as is
the case in the long term (Mensah et al. 2019; Suki et al. 2022;
Hussain et al. 2022). A 1% increase in energy efficiency in-
creases green growth by 0.70%. This finding is in the desired
and expected direction, as observed in the literature. Therefore,
it parallels the literature (DZwigot et al. 2023; Dong et al. 2023).
Green technology and energy efficiency are inherently envi-
ronmentally friendly variables. Although the positive effects of
these variables vary by country and time, in this study, consider-
ing the sample countries, the positive effects are as expected and
support the literature.

Variables Coefficients Standard error p
Short run results
d.logGG —0.3193 0.0695 0.000%**
logGT 0.0597 0.0279 0.032%*
logGES —0.0039 0.0703 0.955
logEP 0.7062 0.1063 0.000%***
logEPI —0.0104 0.0233 0.655
Ect —1.3193 0.0695 0.000%***
Long run results
logEPI —0.0075 0.0198 0.703
logEP 0.5388 0.0746 0.000%***
logGES —0.0002 0.0477 0.955
logGT 0.0435 0.0205 0.034**
Model statistics R2:0.52

CD statistics: —3.40
p-value: 0.000

Note: Lag length is set as 1. ** and *** represent 5% and 1% significance level.
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This observation was also valid in the long run. Specifically, a
1% increase in the level of energy efficiency boosts green growth
by approximately 0.54% in the long run. This supports the grow-
ing arguments for the significant role that increased efficiency
plays beyond the literal growth in energy supply and utilization
(Dzwigot et al. 2023; Khan et al. 2023). The EP's positive impact
in both the short and long term is an expected outcome. This re-
sult can be interpreted as the G-8 countries strengthening both
growth and sustainability as they increase energy efficiency in
production and consumption. Energy efficiency investments
reduce costs in the short term and support sustainable growth
by increasing competitiveness. The G-8 countries (the US,
Germany, Japan, Canada, France, Italy, the UK, and Russia)
are generally high-tech countries that are well-established in
optimizing energy conversion processes. Energy efficiency in-
vestments in these countries are attractive not only from an
environmental perspective but also in terms of economic per-
formance (e.g., Industry 4.0 applications, building insulation,
smart grids). Besides, countries such as Japan and Germany, in
particular, have made efficiency gains in energy-intensive sec-
tors compatible with economic growth through technological
innovations. In this regard, energy efficiency standards in the
industrial sector need to be tightened to increase the impact
of energy efficiency. Energy-saving technologies in buildings
should be widely adopted. Energy management should be im-
proved through digitalization and smart grids. This will ensure
that the expected impact of energy efficiency continues to be
achieved.

Furthermore, green technology (GT), a 1% increase in the
variable, enhances green growth among the G-8 countries
by approximately 0.0435%. These empirical findings are in
line with the results observed in the green growth literature
(Hussain et al. 2022; Anwar et al. 2024; Khan et al. 2025), and
further draw our attention to the importance of green technol-
ogy in the global sustainability quest. The positive impact of
GT on green growth in the long and short term is an expected
finding. G-8 countries can be said to be pioneers in eco-
friendly innovation and green patents (especially Germany
and Japan). Green technologies play an important role in both
reducing carbon emissions and creating new market oppor-
tunities (e.g., electric vehicles, renewable energy equipment,
energy-efficient products). Prioritizing green technologies in
R&D incentives, strengthening green patent protections, and
increasing university-industry collaborations in this direc-
tion will trigger and accelerate green growth. Furthermore,
green technology transfer mechanisms should be widespread
within the G-8. This will spread the impact of green growth
to broader areas.

However, the evidence obtained showed that both environ-
mental policy (EPI) and green energy supply (GES) are not
significant drivers of green growth in the understudied G-8
economies. While this seemingly appears unconventional, there
are possible underlying explanations for this evidence. Both
factors are found statistically insignificant for green growth in
both short- and long-term scenarios. This situation may be due
to the fact that green energy generation investments produce
long-term results, and their effect on short-term growth may be
delayed. The lack of a significant effect of the EPI may be due to
the limited impact of marginal increases on growth, given the

strictness of current environmental policies in G-8 countries.
Another potential reason for these insignificant effects of both
environmental policy stringency and green energy supply on
green growth is the economic context of these countries in terms
of their current advanced economic structure. Most of these G-8
economies are already decoupling their growth from environ-
mental degradation using innovative approaches. This position
has been reaffirmed by the observed significant roles of their en-
ergy productivity coupled with green technology. As such, their
green growth may now be primarily driven more by technologi-
cal innovations, productivity, and services, rather than by policy
stringency or energy supply changes.

Additionally, some of the notable G-8 countries still have a pro-
duction and consumption structure dependent on fossil fuels.
The presence of fossil fuel-based energy policies in some coun-
tries (e.g., Russia, the US, and Canada) continues to limit the
effectiveness of environmental measures. Therefore, the lack
of meaningful short-term effects of these variables can be ex-
plained by delayed effects or the success of policy implementa-
tion. IEA (2023) has noted that the increase in renewable energy
still accounts for a low proportion of total energy supply. Besides,
the cost of renewable energy technologies (especially storage
and infrastructure) can be high, particularly in the initial stages,
which limits their positive contribution to growth in the short
term. Continuing to use traditional methods to avoid the costs
of these investments also limits the long-term impact. In coun-
tries such as the US and Canada, where energy supply is heavily
reliant on fossil fuels, the green energy transition is progressing
much more slowly than in Europe. Therefore, a statistically sig-
nificant relationship may not have been found for the panel as
a whole. In this regard, it is essential that G-8 countries shift
their energy subsidies from fossil fuels to green energy in order
to increase the share of renewable energy. At the same time, it is
important to invest in energy storage technologies.

Although a positive correlation was established between green
growth and the environmental stringency index in the prelimi-
nary analysis, the subsequent detailed long-run investigation re-
veals that there is a lack of significant EPI effects. This outcome
may stem from the fact that environmental policies' impacts are
generally observable over the long term. For instance, policy
strategies like carbon taxes or emissions trading systems reveal
the effects of technological adaptation and sectoral transforma-
tion over time, and this can trigger growth. When G-8 countries
are evaluated, they exhibit heterogeneous characteristics in
terms of the strictness of their environmental policies. For exam-
ple, while strict environmental standards prevail in Germany,
regulations in the US are more flexible at times. Therefore, this
existing heterogeneity may have affected the panel results. At
the micro level, some firms view strict environmental policies as
a “cost-increasing burden” and seek to avoid this cost, while oth-
ers view them as an “opportunity for innovation.” This situation
may reduce statistical significance. The strictness of environ-
mental policies prevailing in G-8 countries is not the only crit-
ical factor; their implementation effectiveness and stability are
also crucial. Designing strict policies in a predictable and long-
term manner that sends clear signals to markets can increase
their effectiveness. Furthermore, policy harmonization (e.g.,
carbon pricing alignment between the EU, the US, and Japan)
can further enhance the positive impact on growth.

10
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Lastly, looking at the short-run details, when the coefficients
are greater than 1, it means that when there is a deviation in
the equilibrium, a fluctuating path is followed while returning
to the long-run equilibrium. The overall model performs well,
given the model's significant p-value and an acceptable R? sta-
tistic. Further diagnostic statistics on variables, as seen from the
VIF report in Table Al of the appendix, also show that there
is no potential multicollinearity that could create any bias for
the CS-ARDL estimates. Additionally, the error correction co-
efficient (ect) follows the expected negative sign (—1.3193) and is
found to be statistically relevant. Thus, it indicates that in case
of any deviation from equilibrium, the systems return to equilib-
rium. However, since the coefficient exceeds 1, it reflects that a
fluctuating path is followed by the system while returning to the
long-run equilibrium.

5 | Conclusion, and Country-Specific Policy
Recommendations

Dynamic capabilities theory focuses on the capacity of firms
and countries to adapt to changing environmental conditions,
innovate, and use resources efficiently. From a sustainable de-
velopment perspective, developing these capabilities can en-
able economies to achieve environmental sustainability and
economic growth simultaneously. This study investigates the
green growth dynamics of G-8 countries within the framework
of sustainable development. The relationships between the
variables are observed with the help of the CS-ARDL estima-
tor. Empirical findings show that green technology and energy
efficiency measures are significant positive drivers of green
growth in the G-8 countries. Meanwhile, the level of environ-
mental policy stringency and the amount of green energy sup-
ply portend an overall insignificant influence on green growth
among the sampled countries.

Empirical findings show that green growth, as a reflection of
dynamic capabilities, is strongly correlated with factors such as
green technology supply and energy efficiency. This emphasizes
that G-8 countries need to improve their dynamic capabilities by
not only boosting their overall investments in green technology
but also emphasizing more strategic approaches to stimulate re-
search for enhanced energy efficiency levels in order to achieve
sustainable development goals.

Based on the findings, energy productivity promotes green
growth. The positive findings obtained in this context are in
line with expectations. In this context, any development aimed
at increasing energy efficiency is an investment in sustainable
development, and it is therefore appropriate to promote energy
efficiency, particularly in the industrial, residential, and trans-
portation sectors. This study thus suggests some evidence of
green growth gains from energy efficiency investments in these
countries, especially in areas like Industry 4.0 applications,
building insulation, and smart grids. It is recommended that
developed and high-tech economies like Germany and Japan,
alongside the other understudied G-8 countries, should further
integrate energy efficiency with digitalization (IoT, artificial
intelligence) for greater green growth outcomes. Other energy-
intensive economies in the group, like the US, which consumes
a substantial share of the world's energy, should allocate more

budget to energy-efficient infrastructure to leverage the effi-
ciency channel for higher sustainable growth outcomes.

The green technology indicator also demonstrates a positive im-
pact on green growth, similar to energy efficiency. G-8 countries
account for a large portion of global green technology pro-
duction and R&D spending (e.g., Germany's environmentally
friendly engineering solutions, Japan's efficient transportation
systems). The sample group countries are developed countries
that are actively working toward achieving sustainable develop-
ment goals. Therefore, they prioritize investments in this area,
and the empirical results align with expectations. However, the
impact is relatively low (0.04%). This result can be interpreted
as indicating that technologies are still limited in terms of wide-
spread adoption or effective use. Here, economies of scale and
policy incentive mechanisms are critical for the technology's im-
pact to become more pronounced. To make the impact of green
technologies more evident in G-8 countries, we recommend that
a joint green technology pool or G-8 internal green innovation
collaborations be established. This would increase the impact on
green growth. Additionally, streamlining patenting processes
and ensuring access to financing would expand the impact of
green technology.

It is noteworthy that the evaluated indicators show consistent
effects in the short and long term. In this context, the green en-
ergy supply and environmental policy rigidity index do not have
a significant effect on green growth in either the long or short
term. This outcome is plausible since green energy investments
produce long-term results, and their effect on short-term growth
may be delayed. Also, given the strictness of current environ-
mental policies in G-8 countries, the EPI's unconventional roles
may be due to the limited impact of its marginal increases on
growth. This is further complicated by fossil fuel-based energy
policies in some of the G-8 countries (e.g., the US, Russia, and
Canada), and this continues to limit the effectiveness of envi-
ronmental stringency measures. Green energy supply (GES)
is a crucial input in environmental sustainability policies. In
this context, the lack of meaningful short-term effects of GES
indicates the need for more stable investment and subsidy pol-
icies. We recommend more priority to be given to green energy
transition policies (e.g., carbon pricing), especially in energy-
exporting countries among the G-8, such as Russia and Canada.
This would foster green growth policies. EPI policies should be
prioritized and strengthened not only through agreements on
paper but also through oversight and penalties. In countries
such as France and Italy, making local governments more ac-
tive in the implementation of policies will increase effectiveness.
It should be noted that when the error correction coefficient is
evaluated, the system's ability to return to equilibrium in the
long term demonstrates the sustainability of green growth strat-
egies. Thus, demonstrating the applicability and scope of envi-
ronmentally friendly policies such as the circular economy and
long-term climate commitments.

The findings of the study reveal that energy efficiency and
green technology are the variables that contribute most to green
growth in G-8 countries. However, it also points to the need for
policy continuity, investment stability, and implementation ca-
pacity for these contributions to be effective. Even policies that
appear ineffective in the short term may have the potential to
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bring the system into balance in the long term when combined
with effective policies. Therefore, policymakers should estab-
lish long-term strategies, investment-focused incentives, and
national-international coordination, taking structural charac-
teristics into account.

Overall, following the dynamic capabilities theory, the G-8 gov-
ernments can enhance their national green growth and overall
sustainability performance by sensing, seizing, and transform-
ing strategically. In their sensing approach, it is recommended
that they strategically identify areas of emerging environmental
risks and properly monitor green technological trends in order
to fully harness green market opportunities. They can leverage
data-driven monitoring strategies as well as stakeholder engage-
ment. As for seizing, the authorities of the G-8 need more policy
strategies for green industrial development. They can achieve
this by providing more fiscal incentives and other supports to
investors. The governments also need to provide more enabling
environments that support private investors in green innova-
tion. The G-8 authorities can achieve this by a transformative
approach within the DC framework through the continuous
strengthening of their various institutions, expansion of infra-
structures, and regular training of their officials. By so doing,
the public sector capabilities will be improved with better capac-
ity for regulations that can promote overall green growth and
actualization of SDG-8 objectives.

6 | Limitations and Future Study Directions

This study contributes to the literature in many ways, but it has
some limitations. The first limitation is data constraints. Secondly,
the impact of these variables on green growth has only been evalu-
ated specifically for G8 countries. Another limitation is that green
growth and dynamic capabilities are represented through observ-
able macro-level indicators such as green technology patents,
energy efficiency, and renewable energy supply. While these mea-
sures are widely used in the literature, they may not fully reflect the
multidimensional and firm-level nature of dynamic capabilities
and the diffusion and adoption processes of green technologies.
This study attempts to explain the relationship between dynamic
capabilities and the macro-level green growth process through
specific variables. Hence, future research could expand the re-
lationship between dynamic capabilities and the green growth
process in various directions. Expanding the sample to include de-
veloping economies or conducting comparative analyses between
developed and developing country groups would provide a compa-
rable analysis. Combining firm-level or sectoral data could provide
deeper insights into how dynamic capabilities translate into green
growth outcomes at different aggregate levels. Additionally, future
studies could investigate the interplay between the rigidity of en-
vironmental policy, green technology, and energy efficiency to bet-
ter capture policy-technology complementarities. They could also
conduct country-specific assessments using alternative economet-
ric approaches, such as country-specific estimators.

Author Contributions

Seyma Bozkaya: conceptualization, writing — original draft, method-
ology, formal analysis. Stephen Taiwo Onifade: conceptualization,
writing - original draft, methodology, editing and correspondence.

Acknowledgments

Open access publishing facilitated by Vaasan yliopisto, as part of the
Wiley - FinELib agreement.

Funding

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data for this present study are sourced from the Organization for
Economic Co-operation and Development—OECD, (https://www.oecd.
org/).

Endnotes

1The G-8 countries (the US, Germany, Japan, Canada, France, Italy, the
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fags/index.htm#:~:text=The%20G8%20consists%200f%20the,Russia%
20and%20the%20United%20Kingdom).
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Appendix A

TABLE A1 | Further diagnostic checks (VIF).
Variable VIF 1/VIF
LogEPI 2.41 0.414584
logEP 2.14 0.466885
logGES 1.29 0.774792
logGT 1.20 0.830974
Mean VIF 1.76
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