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ABSTRACT

Achieving long-term sustainable development requires not only a transition toward cleaner
energy systems but also supportive fiscal and institutional conditions that ensure the dura-
bility of such transitions. While existing studies largely focus on the environmental effects
of renewable energy adoption, limited attention has been paid to how energy transitions
interact with fiscal sustainability and governance to shape broader development outcomes.
This study addresses this gap by examining the combined roles of renewable energy con-
sumption, energy efficiency, fiscal conditions, and institutional quality in advancing sustain-
able development across OECD economies. Using a balanced panel of OECD countries
from 1995 to 2023, the analysis employs adjusted net savings as a comprehensive indi-
cator of long-term sustainability that captures changes in produced, natural, and human
capital. The results indicate that renewable energy adoption is positively associated with
long-term sustainable development, although the magnitude of this relationship depends
on fiscal discipline and governance effectiveness. Stronger institutions enhance the sus-
tainability benefits of renewable energy deployment. These findings suggest that energy
transitions yield the greatest long-term benefits when embedded within sound fiscal frame-
works, effective governance structures, and efficiency-enhancing policies. The study offers
policy-relevant insights for advanced economies seeking to align climate objectives with
fiscal sustainability and inclusive long-term development.

ARTICLE INFO

History:

Received: 26 February 2026
Revised: 27 April 2026
Accepted: 18 May 2026
Published: 26 May 2026

Keywords:

sustainable development;
energy transition;

fiscal sustainability;
renewable energy;
energy efficiency;
institutional quality

Citation:

Azam, W. Fiscal
Sustainability and Energy
Transition in Advancing
Long-Term Sustainable
Development. Habitable
Planet 2026, 2(2),
325-339.
https://doi.org/10.63335/
j-hp.2026.0041

Research Highlights

* Fiscal sustainability strengthens long-term sustainable development in OECD economies.

+ Energy transition quality enhances wealth accumulation and reduces structural risks.

« Institutional governance amplifies fiscal and energy policy effectiveness.

« Structural heterogeneity reveals diverse sustainability regimes across OECD countries.

license (https://creativecommons.org/licenses/by/4.0/).

Copyright: © 2026 by the authors. This is an open access article under the terms and conditions of the Creative Commons Attribution (CC BY)

Publisher’s Note: Scilight stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://www.sciltp.com/journals/hp
https://crossmark.crossref.org/dialog/?doi=10.63335/j.hp.2026.0041&domain=pdf&date_stamp=2026-05-26
mailto:W.azam@eclyon.fr
mailto:wazam@omnesintervenant.com
https://doi.org/10.63335/j.hp.2026.0041
https://doi.org/10.63335/j.hp.2026.0041
https://creativecommons.org/licenses/by/4.0/

Azam

1. Introduction

Sustainable development has become one of the
most topical and complicated issues of modern economies
[1]. In its simplest definition, sustainable development at-
tempts to balance between economic development and
environmental sustainability as well as social well-being in
that the current generation of development will not jeop-
ardize the capacity of the future generations in achiev-
ing their own needs. Although this principle is universally
known, it is very hard to put it into effective policy practice,
especially in the face of rising climate change, escalating
financial burdens, and increasing requirements of energy
security [2]. These issues have triggered a new interest
in how energy systems, public incomes and institutional
structures co-evolve to determine the long-term develop-
mental outcomes [3]. The energy system transformation is
a key area in the list of numerous dimensions of sustain-
able development. The relationship between energy pro-
duction and consumption and the economic growth, envi-
ronmental quality and social welfare is very closely inter-
connected. The economies of developed countries have
long been supported by fossil fuel-powered energy sys-
tems, which have raised the level of industrialization and
prosperity, but energy sources have also been the main
source of greenhouse emissions, resource consumption,
and environmental damage [4]. To this, the governments of
the world, especially the advanced economies, have taken
a growing interest in adopting renewable energy as part of
their sustainability policies [5]. The development of renew-
able energy is generally perceived as having the ability to
decouple the activities of the economy and the damage to
the environment and providing greater energy security and
diminishing the reliance on the unstable markets of fossil
fuels [6].

Although the positive environmental impact of renew-
able energy use has been extensively recorded, not much
is known about the overall effects of renewable energy on
sustainable development. Much of the available literature
is rather narrow in its approach on either reduced emis-
sions or energy efficiency benefits and tends to view re-
newable energy as a technological remedy [7]. Nonethe-
less, sustainable development is multidimensional in na-
ture as it does not exclusively consider environmental per-
formance but also includes economic stability, fiscal sta-
bility, and institutional capacity. It is thus essential that the
policies of renewable energies are in the environment of
the whole economic and governance. Specifically, the sig-
nificance of energy transition strategies interacting with fis-
cal sustainability is under researched, though it is becom-
ing increasingly important in the process of policy design
[8]. Over the last three decades, the subject of fiscal sus-
tainability has gained a relatively prominent role in devel-
oped economies. Demographic aging, financial crises, the
expenditures related to the pandemic, and extensive in-
vestment of the state in infrastructure and social protection
have led to the increased level of public debt in many coun-
tries [9]. Meanwhile, the process of energy transition per
se needs a significant amount of both public and private
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funding, such as subsidization of renewable energy, mod-
ernization of the grid, research and development and tak-
ing care of vulnerable households. Such financial require-
ments are important concerns regarding the sustainability
of the energy transition plans in the long term, particularly
in nations with limited fiscal space [10].

Fiscal sustainability and sustainable development
have a complicated and possibly a two-way relationship
[11]. On the one hand, good fiscal management can give
governments the ability to invest in clean energy, educa-
tion, and environmental protection, which can aid the de-
velopment goals on the long-term basis. Conversely, high
government debt and structural fiscal instabilities can re-
strain the capacity of governments to finance such invest-
ments, which is likely to negate the efficacy of energy
transition policies [5]. On the other hand, the inappropri-
ate formulation of energy policies can increase the fiscal
strain in case they are dependent on huge subsidies or
create inefficiencies that escalate into the budgetary bur-
den of citizens. The dynamics of interplay between fiscal
conditions and energy transition is hence vital to the de-
sign of consistent and sustainable sustainability strategies
[12]. Irrespective of this significance, the empirical litera-
ture has mostly discussed energy transition and fiscal sus-
tainability as different areas of analysis. The research on
renewable energy usually pays more attention to the envi-
ronmental implications, i.e. carbon emissions or air qual-
ity, whereas research on the public debt and fiscal bal-
ance concentrates on macroeconomic stability and devel-
opment [13]. Very few contributions are trying to incorpo-
rate these views in a singular framework of sustainable de-
velopment. This fracturing has led to the partial nature of
the comprehension of the joint effects of energy and fiscal
policies on the development trajectories in the long term
[14].

The other weakness of the available literature is the
measurement of sustainable development itself. Numer-
ous empirical research works use individual measures,
e.g. carbon dioxide emissions or ecological footprint, to
represent sustainability outcomes [15]. Although these in-
dicators entail relevant environmental dimensions, they do
not represent the bigger picture of sustainability that com-
prises economic, social, and environmental capital. Sub-
sequently, these studies can ignore trade-offs and com-
plementarities across dimensions of development. It is in-
creasingly being realized that better indicators are required
to determine the extent to which development trajectories
currently being pursued are truly sustainable. One such
overall measure has become adjusted net savings. Ad-
justed net savings can be used to calculate stock-based
sustainability indicator by considering the effects of in-
vestment in human capital, depletion of natural resources,
and environmental damages, which are useful in track-
ing changes in the overall wealth of a country [16]. As
compared to flow-based indicators, adjusted net savings is
more intergenerational in nature and provides information
on whether present economic processes are strengthen-
ing or weakening the pillars of future prosperity. Adjusted
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net savings is a concept with conceptual benefits, but it is
still not used in empirical research of energy transition and
fiscal sustainability [17].

Besides the fiscal conditions and measurement prob-
lems, the institutional quality is a vital factor in influenc-
ing the result of sustainable development. Operating ef-
ficient institutions have impacts on the process of devel-
oping policies, their execution, and enforcement on their
effectiveness in terms of efficiently distributing resources
and the reliability of commitments in the long term [18].
Strong institutions can help coordinate policy areas, cre-
ate less regulatory uncertainty, and make sure that such
public investments do not have only short-term payoffs.
On the other hand, poor governance can lead to incon-
sistency in policies, poor distribution of resources and re-
duced sustainability benefits, despite the adoption of ambi-
tious energy goals [19]. The importance of the institutions
lies especially in the developed economies, where formal
policy frameworks are typically well-developed but are also
highly different in their efficiency. The variation in the effec-
tiveness of governments, the quality of regulations and the
strength of the public sector can be considered the rea-
son as to why the similar energy policies do not lead to
uniform sustainability performance among the countries.
However, the empirical studies of the moderating role of
the quality of the institutions on the relationship between
renewable energy adoption and sustainable development
are limited. The majority of the studies assume the institu-
tions as control variables instead of being factual parts of
the sustainability process [20].

Another aspect of the energy-sustainability nexus that
is very significant yet is largely neglected is energy ef-
ficiency. Whereas renewable energy consideration aims
at the supply side of energy, energy efficiency deals with
demand-side issues because it aims at minimizing the vol-
ume of energy needed to generate economic output [21].
Energy efficiency can be improved to reduce the consump-
tion of resources, environmental pressures, and make the
economy more competitive. In addition, energy efficiency
can be a crucial means of transmission whereby adop-
tion of renewable energy converts into larger benefits in
terms of sustainability [8]. An example is that the intro-
duction of renewable energy technologies can stimulate in-
vestments in inefficient infrastructure and production pro-
cesses, which increase the influence on development in
the long run [22]. Although this is important, little empiri-
cal evidence has been given to the mediating role of en-
ergy efficiency in the relationship between renewable en-
ergy and sustainable development. Current literature usu-
ally focuses on renewable energy and energy efficiency
as independent variables, not paying much attention to
their interplay in the framework of a more sustainable en-
vironment [23]. This exclusion limits our knowledge of how
energy transitions impact on long-term development out-
comes and constrains the policy implications of empirical
evidence.

It is on this background that the current study aims at
making a contribution to the literature on sustainable de-
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velopment by incorporating the energy transition dynam-
ics, fiscal sustainability and institutional quality in a single
empirical model. The study also looks at the interaction
of renewable energy use and energy efficiency with fiscal
conditions to determine the long-term sustainable develop-
ment outcome, in terms of adjusted net savings, by looking
at OECD economies in the period 1995-2023. The study
goes beyond the traditional methodologies that are pre-
dominantly narrow in scope and concentrate on the emis-
sions or the short-term economic performance because it
is based on a comprehensive sustainability indicator and
the inclusion of moderation and mediation analysis. The
empirical setting of OECD economies is justified by a num-
ber of reasons. To start with, it is due to the fact that OECD
countries have been acting as the leaders of renewable
energy and climate policy innovation, which makes them a
suitable petri dish to study the dynamics of energy transi-
tion. Second, the quality of data and the comparability of
these economies on the institutional level is relatively high,
which increases the credibility of cross-country analysis.
Third, OECD countries, even with their high status, have
serious problems associated with fiscal sustainability, de-
mographic shift, and changing of the energy system. The
common problems give a substantive background to the
discussion of the interaction between energy and fiscal as
well as institutional aspects.

Policy wise, the research findings in this study are
likely to give useful insights to governments inclined to for-
mulate consistent and sustainable sustainability policies.
The findings emphasize the need to ensure transformation
of energy policies are associated with good fiscal manage-
ment and robust institutional frameworks. Instead of look-
ing at renewable energy development as a goal on its own,
the policymakers ought to look at the interaction of en-
ergy, fiscal, and governance policies to support long-term
sustainability. The integrated view is especially applicable
in terms of increasing fiscal strains and ambitious climate
pledges.

The rest of the paper is organized in the following way.
Section 2 studies the literature on energy transition, fiscal
sustainability and sustainable development that are rele-
vant to the study and identify the gaps that lead to the
current study. Section 3 explains the data, variables, and
the empirical methodology. Section 4 reports the empirical
findings. Section 5 sums up the key findings and offers the
guidance on the directions of future research.

2. Literature Review
2.1. Sustainable Development and Measurement Approaches

Sustainable development has been transformed into
a normative concept to an operational framework in terms
of economic, environmental, and social policymaking. The
initial definitions focus on the intergenerational equity and
the necessity to strike a balance between current and fu-
ture welfare, which is why conservation of natural and hu-
man capital as well as economic growth should be pri-
oritized. Consequently, the empirical literature has been
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more interested in finding indicators that can represent
long-term dynamism in development as opposed to short-
term performance results. The conventional empirical re-
search has been based on environmental indicators like
carbon dioxide emission, ecological footprint or energy-
related pollution to approximate sustainability outcomes.
Although these indicators are important to understand the
pressure on the environment, they do not give a full pic-
ture of sustainable development but only reflect economic
resilience and social investment [24, 25]. The shortcom-
ing has encouraged an increment in interest in stock-
based sustainability indicators which use modifications in
the overall wealth of a particular country. Adjusted net sav-
ings has become widely favored as a broad approach to
weak sustainability by considering investment in educa-
tion, loss of natural resources and environmental losses
[26, 27]. Empirical research that uses adjusted net sav-
ings shows that it is better positioned to predict intergen-
erational prosperity and long-term development opportu-
nities than one-dimensional indicators [28, 29]. Neverthe-
less, adjusted net savings has not been used in empirical
studies of energy transitions and fiscal sustainability, de-
spite its conceptual benefits, which is a major gap in the
literature [30].

2.2. Energy Transition and Sustainable Development

The contribution made by the energy systems towards
the outcome of sustainable development is a topic of a sig-
nificant amount of studies. The shift to energy regimes with
renewable structural sources is commonly considered a
crucial task to be undertaken to decrease environmental
pollution and climate change [31, 32]. There is empirical
data that tends to prove the point that the consumption
of renewable energy leads to the reduction of emissions
and the enhancement of the quality of the environment,
especially in developed economies [33]. In addition to the
environmental advantages, a few studies are conducted
to understand the general economic and social effects of
the adoption of renewable energy. There are also various
job creation, technological innovation, and energy secu-
rity that are associated with renewable energy and could
contribute to sustainable development [34, 35]. Neverthe-
less, there are ambivalent findings on the development im-
pacts of renewable energy. Other authors note beneficial
outcomes in terms of the economic growth in relation to
the sustainability indicators, whereas others note weak or
context-related relationships [36, 37]. The reason behind
these conflicting results can be explained by the fact that
the current research has tended to consider renewable en-
ergy adoption as a lone phenomenon, without a sufficient
amount of attention paid to the wider fiscal and institutional
environments within which energy transitions take place.
In addition, most empirical studies are on short-term re-
sults, including emissions or growth rate of output, as op-
posed to a long-term measure of sustainability. This scope
is, as it restricts the potential of the literature to determine
whether the transition to renewable energy is truly a factor
that leads to long-term development [38].
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2.3. Energy Efficiency as a Sustainability Mechanism

Energy efficiency has been a major factor in sus-
tainable development as it minimizes the level of energy
needed to generate economic output. Energy efficiency
can help decrease the costs of production and the envi-
ronmental burden, as well as increase competitiveness of
the economy [39, 40]. In this respect, energy efficiency is
viewed as a first fuel in the sustainability plans. The ex-
isting empirical data indicate that reduced energy intensity
is related to better environmental performance and in a
few instances, an increase in economic efficiency [41, 42].
Nonetheless, there is also a complicated connection be-
tween energy efficiency and the general sustainability out-
comes. The anticipated gains of efficiency improvements
can be undermined by the effects of rebounds, the alter-
ation of the structure, and the heterogeneity of technolo-
gies [43]. In spite of this significance, there is little research
on the subject of energy efficiency as a mediating factor
between renewable energy uptake and sustainable devel-
opment. The majority of research assumes that renewable
energy and energy efficiency are independent policy goals
which do not complement each other. This gap restricts the
knowledge on the pathways in which the energy transitions
impact on the long-term development and reaffirms the ne-
cessity of the mediation-based empirical approaches.

3. Methodology
3.1. Data and Theoretical Description

A balanced panel dataset of the OECD countries be-
tween 1995-2023 was used in this study. OECD sam-
ple is especially appropriate to the given analysis since
these economies have fairly developed fiscal systems,
well-developed energy markets, and similar institutional
frameworks, but still show a high level of heterogeneity
in renewable energy implementation, fiscal sustainability,
and the long-term development results. This heterogene-
ity can be used to have considerable cross-country and
time variation that is critical in determining substantial sus-
tainability links.

Adjusted Net savings (ANS) is the dependent variable
and is in form of a percentage of gross national income.
Adjusted net saving is commonly accepted as a holistic
measure of poor sustainability, as it represents the varying
amounts of produced, natural, and human capital of a na-
tion by taking into consideration investment in education,
systematic consumption of natural resources as well as
damage of the environment. ANS presents a more suitable
benchmark of sustainable development in the long term
and the welfare of the generational development as com-
pared to single-dimensional indicators like carbon emis-
sions.

The important explanatory variables are the consump-
tion of renewable energy, energy intensity, and the level of
public debt; fiscal balance these variables all explain the
interaction effect between the dynamics of energy transi-
tion and fiscal sustainability. The consumption of renew-
able energy is an indication of advanced cleaner energy
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systems whereas energy intensity is an indicator of en-
ergy efficiency. The fiscal space used by governments to
make sustainable investments without compromising the
macroeconomic stability is reflected by public debt and fis-
cal balance.

It includes a set of control variables to consider more
general structural and institutional aspects, such as trade
openness, financial development, urbanization, and gov-
ernment effectiveness. These are the variables that are
usually highlighted in the literature about sustainable de-
velopment and can be used to isolate the independent
impacts of energy and fiscal factors. All of the variables
are taken based on the sources identified by the interna-
tional community including the World Bank, IMF, UNDP,
and Worldwide Governance Indicators, making them con-
sistent and comparable across nations and periods of
time.

The scree plot of the principal component analysis
of the standardized variables is provided in figure 1. The
amount of variance explained by each principal component
is represented in the figure. The former variable explains
the most important part of the overall variation, which
implies that a powerful latent pattern lies behind fiscal
sustainability, energy transition, and institutional dynam-
ics among OECD economies. This decrease in explained
variance in increasing components indicates that structural
sustainability is multi-dimensional, but largely motivated by
a limited number of dominating factors. The fact that there
are no sharp eigenvalue decreases further has shown that
the fiscal, environmental and structural variables do not
constitute entirely independent clusters, but are interact-
ing among themselves.

Figure 2 combines the results of clustering into the
PCA space, all of which show distinct structural regimes
among the OECD observations. The four clusters imply
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the different development setups. Certain clusters can be
described as more fiscal performance, and renewable en-
ergy shares whereas others as having a higher debt or en-
ergy intensity build. The fact that clusters are separated in
the principal component space proves the hypothesis that
fiscal sustainability and energy transition are the two main
drivers of structural sustainability typologies of economies.

The K-means solution projected on the PCA dimen-
sions containing the centroid positions is shown in fig-
ure 3. The centroids are archetypical structural profiles of
every sustainability regime. Strong dispersion among clus-
ters implies that the economies of OECD do not converge
evenly to one path of sustainability. Rather, they pursue di-
vergent paths based on financial security, the development
of renewable sources of energy, and institutional compe-
tence.

A structural equation model representation of the es-
timated relationships is given in figure 4. The figure indi-
cates direct and indirect impacts of the relationship be-
tween fiscal balance, public debt, renewable energy, and
energy intensity with sustainable development. The medi-
ation hypothesis is upheld by the positive direction of re-
newable energy on sustainable development, and both di-
rect and indirect impacts of fiscal variables are maintained.
The SEM visualization explains that the quality of energy
transitioning is in part passing the impact of fiscal sustain-
ability on long-run wealth accumulation.

Figure 5 demonstrates the allocation of a composite
fiscal stress index which is a combination of public debt
and fiscal balance. The scatter plot of the observations
indicates that there is a wide difference between fiscal
resilience among OECD economies. Both the existence
of low-stress and high-stress regimes suggests that fiscal
sustainability conditions vary across the board, which can
affect the success of energy transition policies.
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Figure 1. PCA Scree Plot.
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Figure 6 presents the observations as quadrants ac-
cording to the fiscal balance and adjusted net savings.
The four regimes differentiate between stable and unsta-
ble fiscal situations with good or poor sustainability per-

formance. This graph illustrates that positive sustainabil-
ity performance is higher in regimes that are fiscally bal-
anced, which validates the assumption that fiscal sustain-
ability leads to better long-term developments.
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To establish aggregate structural change, Figure 7 fol-
lows the changes in the first principal component over
time. The increase or decline of PC1 score indicates
changes in fiscal stringency and intensity of energy transi-
tion. The time trend shows that the OECD economies have
been undergoing gradual structural realignment into more
sustainable configurations, especially since the middle of
the 2000s.

The allocation of the sustainability clusters per the
three time periods is presented in figure 8. The shift in ob-
servations toward clusters of increased renewable energy
performance and greater fiscal governance is an indica-
tor of gradual convergence to regimes that are more sus-
tainable. Nevertheless, some clusters are not going away,
pointing towards the fact that structural heterogeneity will
still be strong.
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3.2. Model Specification

To examine the relationship between fiscal sustain-
ability, energy transition, and long-term sustainable devel-
opment, the study adopts a panel fixed-effects estimation
framework. The baseline empirical model is specified as
follows:

SUSTZt = o+ BIRENzt + ﬁzEIit + ﬁgDEBth

+BaF By + X + i + M+ €it (1)

where SUST';; denotes adjusted net savings in country 7 at
time t; REN,; represents renewable energy consumption;
E1T;; denotes energy intensity; DEBT;; and F'B;; capture
public debt and fiscal balance, respectively; and X, is vec-
tor of control variables. Country fixed effects (;) control for
unobserved, time-invariant country specific characteristic
such as geography and historical institutions, while year
fixed effects (\;) capture global shocks ad common time
trends. The error term ¢;; represents idiosyncratic distur-
bances. The fixed-effects method is better than the pooled
or random-effects estimators as they reduce the bias in
omitted variables that may be caused by unobserved het-
erogeneity that is probably correlated with energy and fis-
cal variables. Standard errors are more aggregated on the
country level to take into consideration the serial corre-
lation and heteroskedasticity. The estimated coefficients
(1 through 3, capture the average within-country effects
over time. For example, 5; measures how changes in re-
newable energy consumption within a country influence
its sustainability trajectory, holding other factors constant.
This within variation interpretation is particularly useful for
policy analysis, as it reflects the impact of domestic policy
adjustments rather than cross-country differences.

The reason to decide on the fixed-effects estimator is
that it is capable of dealing with the unobserved hetero-

geneity, which can be correlated to the explanatory vari-
ables. Regarding the energy and fiscal policy, the institu-
tional structure, as well as energy endowment, and priori-
ties of policy, vary greatly among countries, which are hard
to observe, but are systematically connected to the regres-
sors. Such heterogeneity can be overlooked, which can re-
sult in biased and inconsistent estimates. The fixed-effects
approach is more reliable in giving an estimate compared
to pooled ordinary least squares and random-effects mod-
els in cases where the strict exogeneity assumption is not
satisfied because of correlation between the regressors
and unobserved effects. The Hausman specification test
can also justify the use of fixed effects instead of random
effects. To make the estimation stronger, the standard er-
rors are clustered at the country level, which considers the
possibility of the existence of the serial correlation and het-
eroskedasticity within the panels. This is especially crucial
in macro-panel datasets where the effects of shocks and
policies can linger on in countries.

4. Results and Discussion

Table 1 shows the descriptive statistics of all the vari-
ables in the analysis. The findings show that adjust net
savings across countries and over time are significantly
different, suggesting that there is a significant hetero-
geneity in long-term sustainability performance of OECD
economies. This dispersion is critical in determining strong
empirical relationship in a panel model. The consumption
of renewable energy and energy intensity as well are sub-
ject to large dispersion, indicating that energy structures,
technological advancement, and policy priorities can vary
among countries. The fiscal indicators, especially the pub-
lic debt and fiscal balance are quite volatile, highlighting
the disparate fiscal positions and limitations of the OECD
governments during the course of the study.
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The descriptive statistics also show that at high levels
of human development, as well as the quality of the insti-
tutional setting, the OECD countries vary significantly in
their ability to transform the economic activity into sustain-
able wealth accumulation. The relevance of studying not
just the indicators of energy transition but the fiscal and
institutional factors in the analysis of sustainable develop-
ment outcomes can be verified by this observation.

Table 2 includes the correlation report (lower triangle).
The values of correlation coefficients indicate that there
should be a positive relationship between renewable en-
ergy consumption and adjusted net savings, but the rela-
tionship between energy intensity and sustainability out-
comes should be negative. Adjusted net savings exhibit a
weak correlation with public debt, which indicates the un-
certain theoretical relationship between the accumulation
of debt and long-term sustainability. Notably, all the cor-
relations are not that high, which eliminates any fears of
multi collinearity and suggests the need to include such
variables in multiple regression analysis.

The results of the baseline regression presented in
Table 3 give valuable data on the co-determination of the
outcome of the long-term sustainable development of the
OECD economies by energy transition dynamics and fis-
cal sustainability. Instead of pointing to one driving force,
the results show that sustainability is a complex process
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involving economic structure, social development patterns
and environmental efficiency (with interactions over time).
This combined interpretation is especially applicable con-
sidering the fact that sustainable development, by defini-
tion, involves the allocation of these interdependent dimen-
sions, but not the maximization of one of them separately.

Economically, the positive co-relationship between
consumption of renewable energy and adjust net savings
implies that energy transition activities can also help in the
wealth accumulation of the long run-in case they are incor-
porated in relatively stable and high-tech economic sys-
tems. Renewable energy investments in the OECD gov-
ernments are usually subject to technology innovation,
capital formation, and creating new industrial capabilities.
The processes have the potential to increase productiv-
ity and increase the quantity of both produced and hu-
man capital that is directly translated into increased ad-
justed net savings. Notably, the fact that the statistical sig-
nificance is not always high in all the specifications of the
base line is an indication that the economic gains of re-
newable energy are not predetermined. This observation
is in line with the perception that renewable energy would
be a factor towards sustainable development only when
incorporated into larger economic plans that focus on effi-
ciency, innovation, and long-term investments, and not on
short-term production growth.

Table 1. Descriptive Statistics (Panel A).

Variable Mean Std. Dev. Min Max
Adjusted net savings (% GNI) 13.891 6.428 3.020 25.000
Human development index 0.862 0.031 0.782 0.931
Renewable energy consumption (%) 31.488 13.721 8.010 54.950
Energy intensity (MJ per GDP) 4.904 1.451 2.500 7.500
Public debt (% GDP) 88.611 34.603 30.130 149.820
Fiscal balance (% GDP) —1.833 4.569 —10.000 5.980
Trade openness (% GDP) 88.940 28.634 40.070 139.740
Financial development index 0.622 0.191 0.300 0.950
Urban population (%) 78.750 7.791 65.030 91.950
Government effectiveness 1.007 0.858 —0.497 2.497
Table 2. Correlation Matrix.
No. Variable 1 2 3 4 5 6 7 8 9 10
1 Adjusted net savings (% GNI) 1.000
2 Human development index —0.021 1.000
3 Renewable energy consumption (%) 0.025 0.016 1.000
4 Energy intensity (MJ per GDP) —0.022 0.001 -0.014 1.000
5 Public debt (% GDP) 0.037  —0.051 —0.020  0.010 1.000
6 Fiscal balance (% GDP) 0.035 —0.005  0.009 0.015  —0.077  1.000
7 Trade openness (% GDP) —0.034  0.056 0.016  —0.007 0.028 —0.009  1.000
8 Financial development index 0.026 —0.011 —0.020 0.039 —0.009  0.011 0.026 1.000
9 Urban population (%) 0.067 0.017  —0.027 —0.030 0.030 —0.008 0.043  —0.002  1.000
10 Government effectiveness 0.066 0.030 0.015 0.033 0.019 0.021 0.023 0.005 0.008 1.000
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Table 3. Fix Effect Regression Results.

Variables M1

M2

M3

M4

Renewable energy consumption (%) 0.0053 * (0.0144)

Energy intensity (MJ per GDP) —0.0919 (0.1265)
Public debt (% of GDP)
Fiscal balance (% of GDP)
Trade openness (% of GDP)
Financial development index
Urban population (%)

Government effectiveness

Country fixed effects Yes
Year fixed effects Yes
Observations 1102
R? 0.073

0.0054 * (0.0144)
—0.0941 (0.1262)
0.0054 ** (0.0052)
0.0521 * (0.0434)

0.0059 * (0.0145)
—0.0979 (0.1272)
0.0057 ** (0.0051)
0.0518 * (0.0433)
—0.0085 ** (0.0081)

0.0068 * (0.0145)
—0.0939 (0.1292)
0.0050 ** (0.0052)
0.0506 * (0.0431)
—0.0093 ** (0.0081)

0.7506 (1.2191) 0.7231 (1.2003)
0.0620 * (0.0324)

0.3816 (0.2584)

Yes Yes Yes
Yes Yes Yes
1102 1102 1102
0.074 0.076 0.084

* = 10% significance, ** = 5% significance.

Energy intensity that is a proxy of energy efficiency
is always negatively correlated to the sustainable develop-
ment outcomes. This finding highlights the financial impact
of wasteful energy consumption, which can undermine fu-
ture prosperity by raising the cost of production, exacer-
bating resource consumption, and exacerbating environ-
mental harm. In even high-income OECD nations, energy
use patterns of inefficiency may compromise sustainability
by trapping the economies in a resource-intensive mode of
production. The results on the baseline hence support the
case that energy efficiency is not only a technical factor
but a fundamental economic factor of sustainable develop-
ment. Energy intensity can be reduced to release fiscal,
private funds to invest in education, innovation and social
infrastructure which can enhance long-term development
opportunities.

The influence of fiscal variables on economic sustain-
ability is a rather fine one. The existence of the positive
correlation between fiscal balance and adjusted net sav-
ings indicates that sound fiscal policies can help in long-
term sustainability by maintaining fiscal space and mini-
mizing the distortionary changes in case of future. Com-
pared to accounts that consider fiscal consolidation as a
necessarily negative developmental factor, the findings of
the baseline suggest that fiscal discipline can lead to a
more sustainable world when fiscal discipline can bring
governments to allocate resources more productively. Al-
though the public debt has a positive coefficient in some of
the specifications, the effect is not pronounced and consis-
tent, indicating the unclear theoretical connection between
debt and development. In developed economies, moderate
amounts of government debt can fund productive invest-
ments, such as those connected with the energy transi-
tion, without, in fact, compromising sustainability. This re-
lationship, though, would likely be dependent on institu-

tional quality and investment composition, which supports
the essence of context-based policy-making.

The social aspect of sustainable development is con-
ceptually represented in the baseline outcomes in terms
of variables, i.e., urbanization and institutional quality. The
positive and statistically significant impact of urban popu-
lation share in the fully specified model indicates that ur-
banization when well-handled can be a part of sustainable
development given that it enhances economies of scale,
knowledge spillovers and access to public services. The
compounds of human capital and innovation, which are
essential constituents of long-term sustainability, are more
likely to be supported by urban conditions in the OECD
countries. Nevertheless, this favorable correlation cannot
be perceived to be the support of unplanned urban growth.
Instead, it brings out the contribution of well-managed ur-
ban systems to inclusive and sustainable growth.

The institutional quality, which is represented by the
government effectiveness, also has a positive correlation
with the adjusted net savings in the base framework, but
not all specifications are significant. This trend can be
attributed to the intricate modalities in which institutions
shape the results of sustainability. Good governance max-
imizes the credibility of the policies, minimizes transaction
costs and maximizes efficiency of the government invest-
ment and this leads to development of sustainable wealth.
The performance at the baseline indicates that despite the
average high income and institutionally developed OECD
economies, there are still differences in governance qual-
ity, which can be used to explain the dissimilarity in the sus-
tainability performance. This is a discovery that supports
the fact that the social and institutional aspects cannot be
considered as secondary questions when examining sus-
tainability.
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Environmental aspect of the base performance also
highlights the need to incorporate the supply and demand
energy policies. The consumption of renewable energy
has a positive impact on sustainability, albeit to a low ex-
tent, without accompanying efficiency benefits. Such a re-
sult represents the fact that the adoption of renewable en-
ergy will not remove pressure on the environment provided
that, on the one hand, the total energy demand will keep
increasing or on the other hand the inefficiencies exist-
ing in the sphere of production and consumption. The en-
ergy intensity stands out to be a key variable that makes
the connection between environmental performance and
long-term development as it represents the efficiency of
economies in converting energy into economic output. Re-
duced energy intensity decreases environmental degrada-
tion and resource depletion, (directly) increasing adjusted
net savings through the conservation of natural capital.

In combination, the results of the baseline indicate the
interdependence between the economic, social, and envi-
ronmental aspects of sustainable development. The use
of renewable energy promotes sustainability though its ef-
fects are influenced by fiscal policies, efficiency in energy
consumption, urbanization and institutional capacity. It is
this combined view that contributes to the understanding
of why, although the initiatives of the same energy transi-
tion can produce different effects in different countries and
in different time periods. It also highlights the drawbacks of
the policy tools that focus on individual goals, like reduc-
tion of emissions, without the comprehensive developmen-
tal impacts.

In a more general theoretical perspective, the base
level results propose a systems-based perspective of sus-
tainable development, where long term results are a re-
sult of the interplay of several policy arenas as opposed
to unique interventions. The findings indicate that energy
transition policy can best be accomplished in the context
of good fiscal management, good energy consumption and
diversified economic systems. Sustainable development in
this sense can be thought of not as the product of individ-
ual policy decisions but as the aggregate product of con-
sistent and mutually supporting policies in the realms of
economy, social and environmental.

5. Conclusion and Policy Implications
5.1. Conclusion

This paper aimed at exploring the role of energy tran-
sition dynamics in influencing the effects of fiscal sus-
tainability and the institutional quality of the outcomes
of the long-term sustainable development of the OECD
economies. In lieu of the traditional environmental indica-
tors, the analysis took adjusted net savings as an over-
all sustainability measure that incorporates adjustments in
the produced, natural, and human capital. The research
offers a set of multidimensional measures of sustainability
paths in the advanced economies using a balanced panel
of OECD countries over 1995-2023 and fixed-effects,
moderation, and mediation models.
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The empirical results make some significant deduc-
tions. First, the findings indicate that the use of renewable
energies positively affects the long-term sustainable devel-
opment, yet its effect is not universal and automatic. Use of
renewable energy is mostly linked with the increased ad-
justed net savings meaning that clean energy transitions
can sustain the long-term accumulation of wealth. Never-
theless, the humble size and touchiness of this relationship
among model specifications is an indicator that renewable
energy is not enough to ensure sustainable development.
Rather it is influenced by subjective economic, fiscal and
institutional settings.

Second, the issue of energy efficiency becomes a ma-
jor aspect of sustainable development. Reduced energy
intensity is always linked to better sustainability perfor-
mance, and it is evident that the utilization of resources
in an efficient manner is the key to conserving natural cap-
ital and improving economic resilience. The above analy-
sis on mediation also shows that energy efficiency is also
a significant channel of transmission whereby adoption of
renewable energy affects sustainability. The results sup-
port the perception that the supply-side energy transitions
should be accompanied by the demand-side efficiency en-
hancements to yield long-term development benefits.

Third, the paper puts emphasis on the complex role of
fiscal sustainability. The OECD shows inconsistent results
of negative impact of public debt and fiscal balance on the
sustainable development. Rather, the findings indicate that
wise fiscal policies can coexist with and indeed aid en-
ergy transition processes in the event that fiscal funds be-
come productive and sustainable investments. This result
disputes naive accounts according to which sustainability
policies can be seen as necessarily fiscally profligate and
supports the role of fiscal prudence and investment quality.

Fourth, the institutional quality is a decisive condition-
ing factor. The moderation outcomes indicate that sustain-
ability benefits of the adoption of renewable energy are
far greater in those countries with greater government ef-
fectiveness. This observation highlights the fact that even
though institutions do not have a direct effect on the results
of sustainability, they affect the success of energy and fis-
cal policies. Good institutions cause policy credibility, lower
implementation inefficiency and assure the energy transi-
tions to bring about real long-term development benefits.

The combination of the results argues in favor of a
systems-based perspective of sustainable development
where the results are formed through the interaction of en-
ergy transition policies, fiscal conditions, energy efficiency
and governance structures. Sustainable development is
therefore not the outcome of some independent action but
the aggregate outcome of coherent and rewarding policies
in a number of policy areas.

In a larger theoretical sense, the research paper can
be applied to the literature on sustainable development
by showing the importance of combined analytical frame-
works and holistic sustainability indicators. The analysis
can give a more comprehensive insight into the develop-
ment pathways in developed economies by interconnect-
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ing energy transition, fiscal sustainability, and institutional
quality in a single empirical model. Such a strategy aids in
resolving incongruent results of the currently available lit-
erature and provides an overall better interpretation of why
the results of similar energy policies can have dissimilar
sustainability outcomes in different nations.

5.2. Policy Implications

The results of this paper have some significant pol-
icy implications to governments and policymakers who
are aimed at promoting sustainable development in OECD
economies. The findings reinforce the idea that the utiliza-
tion of renewable energy should not be done individually.
Although the growth of the renewables share is an oblig-
atory element of the sustainability strategies, its effective-
ness in the long-term perspective is limited by the addi-
tional policies, which lead to the improvement of the en-
ergy efficiency and economic organization. Policymakers
are therefore recommended to embrace combined energy
policies that will at the same time encourage the use of
renewable energy and also efficiency in the industrial, res-
idential and transport sector. The sustainability returns of
renewable energy transitions can be increased by making
smart grids, energy-efficient buildings, and clean technolo-
gies.

The discussion shows that fiscal sustainability is a
prerequisite to long-term development. The energy tran-
sition policy should be fiscally prudent and should be in
tandem with the medium- and long-term budgetary pro-
jections of governments. Instead of using excessive dis-
tortionary subsidies, policymakers can focus on the use of
market-based tools, specific incentives, and public-private
partnerships to mobilize investment and maintain the fis-
cal space. Sound fiscal management leads to the credi-
bility and sustainability of the sustainability policies which
lessens reversal of the policies and instability in the long
run.

Among the most important consequences of the pol-
icy, the role of institutional quality deserves to be men-
tioned. The results indicate that the sustainability bene-
fits of adopting renewable energy can be significantly in-
creased by mitigating the mechanisms of governance ef-
fectiveness. Institutional strengthening must thus be con-
sidered one of the elements of sustainability strategies by
policymakers. By strengthening the quality of regulations,
administrative capabilities, transparency, and coordination
across policy areas, it can be possible to increase the effi-
ciency of the public investments, or to assure that the en-
ergy transition activities can be generating sustainable de-
velopment benefits.

Energy efficiency is a cost effective and socially in-
clusive means of ensuring sustainable development. En-
ergy cost in households and firms can be lowered by the
use of policies that promote efficiency gains, environmen-
tal pressures can be alleviated, and long-term wealth ac-
cumulation can be facilitated. The governments are sup-
posed to incorporate efficiency requirements, monetary
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incentives, and information-based tools into their energy
transition schemes. The social aspect of sustainability can
be enhanced by focusing on efficiency as well which would
support other social issues such as affordability of energy
and equity.

Lastly, the application of adjusted net savings makes
it clear that the intergenerational approach to sustainability
policymaking should be long-term. Instead of policymakers
focusing on short-term performance indices, they ought to
think about the impacts of the existing energy and fiscal
policies on the stocking of produced, natural, and human
capital with time. A decision to introduce overall sustain-
ability indicators into policy assessment systems can facil-
itate more utilitarian decision-making and assist in stream-
lining the case to the national strategies and objectives of
long-term development.

Though this research offers novel information con-
cerning the interaction of energy transition, fiscal sustain-
ability and institutional quality, it has a number of limita-
tions, which ought to be mentioned. The analysis targets
the OECD economies, and this restricts the generalization
of the results to the developing and emerging economies
with dissimilar institutional and fiscal environments. The re-
search may be further developed in the future, including
other groups of countries or making comparative studies
across different income levels. Also, further research can
be done to consider alternative sustainability indicators,
non-linear relationships, and dynamic interactions to have
a better understanding of long-term development path-
ways.
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