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Abstract: This paper investigates the economic effects of energy efficiency in the
Western Balkans, a region facing both structural energy challenges and the need for
convergence with European Union (EU) standards. Using a balanced panel dataset for
five Western Balkan economies (2005-2022), the study applies a panel autoregressive
distributed lag (ARDL) model estimated with pooled mean group (PMG) and mean
group (MG) estimators. The empirical results confirm a stable long-run relationship
between energy efficiency and economic growth. Reductions in energy intensity
are associated with higher GDP per capita, while renewable energy shares also exert
a positive and significant long-run impact. In contrast, short-run results highlight
adjustment costs, with renewable integration producing negative effects, whereas
gross fixed capital formation plays a central role in driving short-term growth. The
error-correction term indicates rapid convergence to the long-run equilibrium in the
MG specification. The findings provide important policy implications: energy efficien-
cy should be treated not merely as an environmental obligation but as a strategic dri-
ver of sustainable growth and EU integration in the Western Balkans. The study con-
tributes to the literature by offering one of the first systematic empirical assessments
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of the efficiency-growth nexus in the region, linking global evidence with the specific
transition challenges of small emerging economies.

Keywords: Energy efficiency; Economic growth; Panel ARDL; Renewable energy; Western
Balkans; EU integration; Sustainable development.

INTRODUCTION

The green transition has become a global trend, closely intertwined with the digi-
tal transformation and the broader agenda of sustainable development. The transiti-
on toward a low-carbon economy is not only a matter of environmental responsibility
but also of economic modernization, competitiveness, and integration into global va-
lue chains. All issues related to sustainable growth — green finance, renewable energy,
energy efficiency, biodiversity, and the circular economy - form part of a wider effort
to build resilience and reduce long-term risks. In this context, the Western Balkans Six
(WB6) face particular challenges: energy systems remain highly dependent on coal,
infrastructure is outdated, and financial markets are underdeveloped. Yet, at the same
time, opportunities arise from alignment with EU policy frameworks and growing su-
pport for regional cooperation.

While green investments are a central part of the global debate, quantitative data
on their volume and composition in the WB6 remain scarce and fragmented. For this
reason, this study focuses on energy efficiency as a measurable, policy-relevant di-
mension of the green transition. Improvements in energy efficiency reduce producti-
on costs, increase competitiveness, enhance energy security, and can contribute to
decoupling growth from carbon emissions. Unlike aggregate green investment flows,
energy efficiency can be tracked through indicators such as energy intensity, the sha-
re of renewable energy, and emissions per unit of GDP, which allows for rigorous eco-
nometric testing. In the context of economies striving for EU convergence, energy
efficiency is therefore not only an environmental imperative but also a crucial driver
of sustainable economic growth.

The paper applies a panel econometric approach to examine the relationship
between energy efficiency and economic performance in the WB6 from 2000 to 2023.
Using a panel autoregressive distributed lag (ARDL) model, we investigate both the
short-run and long-run effects of energy efficiency improvements on GDP per capita.
This contributes to the literature in two ways: first, by offering one of the few systema-
tic empirical assessments of the energy-growth nexus in the Western Balkans, and se-
cond, by linking the results to the broader EU Green Deal and accession frameworks.
The findings are expected to provide insights for policymakers, investors, and regula-
tors, highlighting the importance of prioritizing energy efficiency as a cost-effective
pathway toward sustainable growth and EU integration.
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The academic debate suggests that energy efficiency improvements generate
positive long-run effects on growth, while short-run dynamics may vary due to adjus-
tment costs and investment needs. Against this backdrop, the present study is guided
by the following research questions:

1. Whatis the long-run relationship between energy efficiency and economic
growth in the WB6?

2. Do improvements in energy efficiency (lower energy intensity) contribute
to higher GDP per capita in the long run?

3. Whatare the short-run adjustment dynamics, and how do they differ across
WB6 countries?

Based on the literature, the following hypotheses are formulated:

« H1:Improvements in energy efficiency (declining energy intensity) have a po-
sitive long-run effect on economic growth in the WB6.

« H2:The short-run impact of energy efficiency on growth is weaker or mixed,
reflecting adjustment costs.

- H3:Renewable energy share, investment, and labour force have positive long-
run effects on growth, complementing efficiency gains.

Finally, the structure of the article is as follows. After this introduction, we present
energy efficiency in WBCs. Section 3 reviews the relevant literature, with a focus on
the economic effects of energy efficiency. Section 4 presents the methodology, inc-
luding data, variables, and the econometric model. Section 5 discusses the empirical
results, while Section 6 draws policy implications and provides concluding remarks.

Energy sector in the Western Balkan Region

The concept of the Western Balkan Region (WBR) was conceived and instituti-
onalized within the EU to more accurately designate the countries involved in the
Stabilisation and Association Process (SAP). The term dates back to the period when
Bulgaria and Romania were allowed to open accession negotiations with the EU (Ni-
goul 2008). During the European Summit in Vienna in 1998, the concept of the We-
stern Balkans was introduced (Lika, 2023). This geopolitical term was coined by the
governing bodies of the EU before 2000 and consisted of the countries of the former
Yugoslavia plus Albania (Dabrowski and Myachenkova, 2018). The Western Balkans
concept covers the following six states: Albania, Bosnia and Herzegovina, Kosovo*',
Montenegro, North Macedonia, and Serbia.

The EU institutions are trying to find the best way to integrate this region within
the EU. The current greening economies topics are becoming more pronounced and
are manifested through the concept of differentiated integration through two pillars,
regulatory and economic. EU bodies have approved the implementation of directives
on the green transition and the creation of legal frameworks for the EU, even in non-

' This designation is without prejudice to positions on status and is in line with UNSCR 1244/1999
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EU countries. On the other hand, through the inflow of investments, an attempt is
made to reach the economic flows inherent in the EU single market.

Economically, the economies of the WBR belong to the group of less developed
countries. According to the World Bank (WB, n.d.) classification, they are classified as
upper-middle-income countries (except Kosovo*). Economic activity, measured by
GDP per capita, barely reaches half of the economic activity of the EU member states.
Chart 1 shows the values of the GDP per capita volume index in purchasing power
standards (PPS) of the WBR compared to the EU27 average.

Figure 1: GDP per capita in current international $, PPP, EU27= 100%, 2000-23
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Source:WB, n.d.

Note: ALB - Albania, BIH, Bosnia and Herzegovina, XKX - Kosovo* (UN 1244), MKD -
North Macedonia, SRB - Serbia. We justify the comparison with the EU by the EU’s major
role as an economic and trading partner. The indices shown in the common currency,
eliminate differences in price levels between countries and allow for meaningful
comparisons between countries (not over time).

For the last two and a half decades, i.e. from 2000 to 2023, WBCs have seen an
increase in GDP per capita but it is not fast enough, and economies do not reach even
half of the EU average (except for Montenegro, which was at 52% of the EU average
2023).In absolute numbers, Montenegro saw the biggest progress in convergence (by
25 percentage points) followed by Bosnia and Herzegovina (19 percentage points),
Serbia and Albania (18 percentage points), North Macedonia (13 percentage points),
and Kosovo* (5 percentage points in the period 2008-2023). Insufficient economic
activity makes it even more difficult for the region to join the EU’s single market. The
main reasons are reliance on resources, labour-intensive and low-intensive producti-
on, low productivity, high dependence on imports, the use of outdated technology
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(as a result of many years of under-investment), the use of conventional fossil fuel-ba-
sed energy sources, as well as a trained workforce with insufficiently developed skills
and abilities to apply modern technologies, weak institutions, and an unfavourable
business environment (Sanfey et al. 2016). The similar structure of economies in the
region puts them in a position to compete with each other, so the estimated trade
impact on countries is small. According to Mulabdic and Ruta (2018), the impact wi-
thin the shallow CEFTA varies from 0.02 to 7.4%, as the policies at stake are within
the WTO’s mandate. The decreasing use of the advantages of the CEFTA agreement
in trade has further limited economic capacity, although it is continuous. The regio-
nal incentive policy of attracting energy investments in the region is not lucrative,
as it is burdened by the indirect costs of inefficient administration and cumbersome
administration, imposes additional competition between countries, and strains bud-
gets. Economies affected by regional instability and facing institutional development
challenges often struggle to align with European standards, despite strong trade ties.
These conditions keep living standards below the EU average, and the convergence
rate is so slow that a full catch-up would take 70 years.

The WBR shows a moderate income inequality level (Gini index), which fluctuates
annually across countries. According to the World Bank (2017), the sources of inequ-
ality are due to the creation of jobs before 2009 and the low level of productivity in
most sectors. The problem of unemployment in most countries in the region (Koso-
vo*, Bosnia and Herzegovina, and North Macedonia) arises due to the existence of an
informal labour market, high taxes, regulatory barriers, and barriers to entry of new
firms into the market (Dabrowski and Myachenkova, 2018). A high budget deficit, es-
pecially in the last years of the observed period, accompanied by high public debt,
will be a limiting factor for investing in the green transition. The largest percentage of
trade in WBR is with EU countries (Ristanovi¢, 2022). Covering the WBC external trade
deficit is solved by selective incentives for exports (monopolies and state guarantees),
remittances, and FDI. Problems of general equilibrium and fragile institutions lead to
a lack of private capital and/or development aid, so the development component is
largely neglected. Traditionally, the role of SDI in economies is huge. The largest in-
flow of FDI into the region comes from the EU, with over 60% in all countries except
Kosovo*. The leader in FDI stocks in terms of GDP is Montenegro, followed by Serbia.
Most of these investments end up in the energy, telecommunications, construction,
trade, and manufacturing sectors, while banks are owned by foreign investors, ma-
inly from the EU (Estrin and Uvalic, 2016). FDI can also open up additional economic
opportunities, and greater investment can help advance economic integration and
development of the region (Frey, 2024). Development aid was the largest in the early
2000s to support the international community in opening up markets, transforming
economies, and integrating with the EU. During the period of reduced investment
activity, support from Brussels was present, albeit with varying intensity over the ye-
ars.
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The WBR energy sector is outside the scope of the Paris Agreement and the EU’s
carbon targets, primarily due to its excessive reliance on fossil fuels. The picture is
complete when the inherited component of the common energy system is added, wi-
thin which the unique infrastructure (storage reservoirs, power plants, hydroelectric
plants) supplied the economy and the population with energy. With the country bre-
akup, the energy system was indiscriminately divided along the borders of the new
countries and markets became fragmented (Frey, 2024). The growth of these econo-
mies corresponds to the economic theory that less-developed economies grow faster
than developed ones, as shown by the cumulative GDP values in Figure 2. The growth
of the WBR economy is accompanied by a continuous increase in economic activity,
contributing to the of greenhouse gas emissions growth and the in energy intensity
decline (Zvezdanovic Lobanova and Lobanov, 2023). In addition to the negative trend
for the environment, green investments in this sector have been growing in recent
years. At the same time, environmental protection awareness is growing (Vukadino-
vi¢ 2023) and efforts to implement adequate regulations are strengthening (Spasi¢
2021).

Figure 2: Approximation of the energy efficiency of WB6, cumulative indices, 2000-2023
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There is a good energy outlook for the WBR. Compared to the past decade, all
WB6 have achieved improvements in terms of energy efficiency. Renewable energy
sources are taking an increasing share of the total energy supply (RES), thanks to wa-
ter energy (and biomass in Serbia), and more recently wind and solar energy in all
countries in the region (Frey, 2024). The share of renewables is higher than the EU
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average in all WBCs, with North Macedonia and Kosovo* lagging slightly behind (see
Graph 3). Currently, these resources are insufficient, but the sector has the potential
for further improvement and greater investment. With adequate regulation and ef-
ficient and transparent implementation, WBR can achieve the set sustainable goals.

Figure 3: Share of energy from renewable sources, 2023. percentage
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Source: Author’s calculations based on EEA (n.d.)

Market circumstances and limited budget resources make unachievable the
desired level of sustainable development. The results are positive, but they are not
enough. As a rule, investments in this sector come from public sources, credit, and
the private sector. Limited public funds are the biggest problem, as they limit the
speed of the green transition. In the financial market, credit is expensive for low-in-
come countries, underdeveloped institutions, and unenforceable but well-structured
regulations. Credit is used when the other two sources of funding are exhausted. In
the case of private capital, foreign capital inflows dominate over domestic capital. The
boost for domestic investment comes with the construction of green taxonomy and
directives, such as those in the EU and Canada (IEA, 2024). Previous experience in the
region with FDI and its role in economic growth can represent a favourable business
venture in green investment implementation. Of course, concerning the specifics of
this type of investment.
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LITERATURE REVIEW

The relationship between energy efficiency and economic growth has been
extensively debated in the literature. Early studies on the energy-growth nexus poin-
ted to the role of energy as a production input, similar to labor and capital, with im-
provements in efficiency lowering costs and fostering productivity gains (Stern 2011;
Ozturk 2010). These studies laid the foundation for assessing the economic effects
of energy intensity reductions and highlighted the importance of country-specific
dynamics in developing and transition economies.

More recent empirical research has confirmed that improvements in energy ef-
ficiency can generate positive long-term growth effects. For example, Bildirici (2014)
employed a panel ARDL approach in transition economies and found that biomass
energy use and efficiency improvements have significant long-run impacts on GDP
per capita. Belloumi and Aljazea (2024) extended this approach using a nonlinear
ARDL model, showing that energy use and efficiency improvements are cointegrated
with growth across a large panel of emerging economies. These findings are consi-
stent with the notion that energy efficiency acts as a form of the "technological pro-
gress’, reducing production costs and improving competitiveness.

Evidence from developed economies also supports this conclusion. Azhgaliyeva
et al. (2020) in her the energy policy study highlighted the role of regulatory instru-
ments, subsidies, and efficiency standards in reducing energy intensity, demonstra-
ting a strong link between policy frameworks and macroeconomic performance. Si-
milarly, Zhou et al. (2021) identified threshold effects, where efficiency gains become
particularly growth-enhancing once a certain income level is reached, suggesting
that convergence processes in less developed economies can be accelerated by tar-
geted energy efficiency measures.

For emerging markets, including the Western Balkans, the relevance of energy
efficiency is twofold: as a policy lever for meeting EU accession requirements, and as
a mechanism to boost productivity and sustainable growth. Deka et al. (2023) con-
firmed that energy efficiency and renewable energy, using ARDL estimators. Likewi-
se, Demiral and Demiral (2021) showed that productive capacities, including energy
efficiency, are strongly associated with long-term economic resilience and reduced
dependence on resource-intensive growth.

Taken together, the literature suggests that the economic effects of energy effi-
ciency are positive in the long run, though short-run impacts can be modest or even
negative due to adjustment costs. This justifies the application of a dynamic panel
framework, such as ARDL, to disentangle the short- and long-run effects for the WB6.
By situating the Western Balkan experience within this broader empirical context, the
study contributes to filling an important gap in the literature: the systematic asse-
ssment of energy efficiency as a growth driver in small transition economies.

In the regional context, several studies emphasize the importance of energy ef-
ficiency for the Western Balkans. Frey (2024) highlights how low levels of efficiency,
outdated energy distribution, and coal dependence hinder growth, but also sees
significant potential for gains through efficiency-oriented reforms. Zvezdanovi¢ Lo-
banova and Lobanov (2023) stress that aligning with the EU’s Green Deal requires
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accelerated improvements in efficiency, particularly in Serbia and other SEE countries
with carbon-intensive structures. Similarly, Sanfey, Milatovic, and Kresi¢ (2016) argue
that catching up with EU economies depends not only on investment and institu-
tional reform but also on reducing energy intensity and improving competitivene-
ss. These findings support the hypothesis that energy efficiency can serve as a key
channel for stimulating sustainable growth in the WB6.

METHODOLOGY

Data and Variables

The analysis is conducted on a balanced panel dataset covering five Western Bal-
kan economies — Albania, Bosnia and Herzegovina, Montenegro, North Macedonia,
and Serbia - over the period 2005-2022. Kosovo* is excluded due to the unavailability
of consistent time series. The data were compiled from international databases World
Development Indicators (World Bank).

The dependent variable is GDP per capita in constant 2015 US dollars, denoted
as Y,, which serves as a proxy for economic performance. The core explanatory va-
riable is energy intensity, defined as the level of primary energy supply per unit of
GDP in MJ per 2017 PPP dollar, denoted as El . A decline in energy intensity correspo-
nds to an improvement in efficiency. Additional explanatory variables were included
to capture complementary drivers of growth: the share of renewable energy in final
consumption (RES,), labour force (L,), the consumer price index (CPI) as a proxy for
macroeconomic stability, and gross fixed capital formation as a percentage of GDP
(K,) representing investment. All variables, except shares and indices, are expressed
in natural logarithms to enable elasticity interpretation.

Table 1. Variables, definitions, sources, and expected signs

Variable Symbol | Definition Exp.e cted
Sign
GDP per capita Y, GDP per capita (constant 2015 USS$) /
Energy intensity El, MJ of primary energy per $2017 PPP i
i GDP

Renewable energy % of renewables in total final energy

RES. . +
share it consumption
Gross fixed capital K Gross fixed capital formation (% of 4
formation it GDP)
Labour force L, Total employed persons +
Consumer price index CPI, CPI,2010=100 +/-

Source: World Bank (n.d).
Note: Last column shows author’s expectation according to the theory
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Summary Statistics

Table 3 reports the summary statistics for the variables used in the empirical
analysis. The dataset is balanced, with 90 observations covering five Western Balkan
countries over the period 2005-2022. The average log of GDP per capita (In_gdppc) is
8.53, with values ranging between 7.91 and 8.97, reflecting substantial cross-country
variation in income levels. Energy intensity (In_ei) exhibits a mean of 1.47, but also
notable variation (min = 0.72; max = 2.00), which indicates differences in efficiency
progress across countries and over time. The renewable energy share (In_res) has a
mean of 3.29, suggesting that renewables represent an important but still evolving
component of energy systems in the WB6.

Table 2. Descriptive statistics

stats gc(ll:)‘;c) (In_ei) (In_res) (In_k) (In_lab) (In_cpi)
N 90 90 90 90 920 90
mean 8.526824 | 1.468887 | 3.293527 | 3.155628 | 13.87896 | 4.673075
max 8.969212 | 2.002831 | 3.897924 | 3.669081 | 15.03524 | 5.138631
min 7.905762 | .722706 | 2.639057 | 2.764519 | 12.36994 | 4.177703
sD 2420442 | 3280914 | .3889713 | 1.929746 | .8482545 | .1603825
p50 8577574 | 1.523821 | 3.200361 | 3.13429 | 14.08271 | 4.669061
skewness -3621802 | -.3033063 | -.0101112 | .5853765 | -.5347066 | -0.008414
kurtosis 2464717 | 1.980557 | 1.493249 | 3.405716 | 2.328939 | 3.84596

Gross fixed capital formation (In_k) records an average of 3.16, with significant
dispersion (SD = 1.93), consistent with the volatility of investment flows in small
transition economies. The labour force (In_lab) averages 13.88, with a relatively wide
range between 12.37 and 15.04, capturing demographic and employment dynamics
across the region. The consumer price index (In_cpi) has a mean of 4.67 and relatively
low variance, indicating broadly similar inflationary conditions among the five coun-
tries. Skewness and kurtosis statistics suggest that the distributions of the variables
do not deviate strongly from normality, supporting the validity of the panel econo-
metric approach.
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Table 3. Correlation Matrix

Variables (In_gdppc) (In_ei) (In_res) (In_k) (In_lab) (In_cpi)
In_gdppc 1.000

In_ei 0.104 1.000

In_res 0.159  -0.585%*** 1.000

In_k -0.450%**  -0.487*** 0.328%** 1.000

In_lab -0.245%* 0.367***  -0.585***  -0.225%* 1.000

In_cpi 0.547***  -0.280*** 0.154  -0.228** 0.116 1.000

5% p<0.01, ¥* p<0.05, * p<0.1

Table 4 presents the pairwise correlations among the variables. GDP per capita
is positively correlated with energy efficiency proxies: it is positively associated with
the renewable energy share (0.159) and the consumer price index (0.547***), whi-
le the correlation with energy intensity is positive but modest (0.104). As expected,
the relationship between energy intensity and renewable energy is strongly negative
(-0.585***), reflecting the substitution effect between fossil-based intensity and clea-
ner energy sources.

Gross fixed capital formation is negatively correlated with both GDP per capi-
ta (-0.450***) and energy intensity (-0.487***), which may suggest that investment
is more volatile and countercyclical in the WB6 context, although this result requires
careful interpretation within the dynamic ARDL framework. Labour force is negatively
correlated with GDP per capita (-0.245%*), consistent with the stylized fact that hig-
her-income WB6 countries face demographic decline, while lower-income countries
retain larger labour supplies.

Overall, the correlation coefficients are moderate in magnitude, suggesting that
multicollinearity is not a major concern. This justifies the inclusion of all explanatory
variables in the panel ARDL model. The combination of descriptive statistics and
correlation analysis provides an initial overview of the dataset and underlines the
heterogeneity across the Western Balkan countries, which the econometric model is
designed to capture.

The descriptive statistics and correlation analysis provide an initial overview of
the dataset and highlight important structural features of the WB6 economies. The
substantial variation in income levels, energy intensity, and renewable energy shares
underscores the heterogeneity of the region, while the correlations suggest plausible
relationships that are consistent with theoretical expectations. However, descriptive
evidence alone cannot disentangle short-run fluctuations from long-run equilibri-
um effects. To address this, the study applies a panel autoregressive distributed lag
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(ARDL) approach, which allows for heterogeneous short-run dynamics while constra-
ining long-run coefficients to be homogeneous across countries. This methodology
is particularly suitable for the WB6, where economies share common EU integration
targets but differ in structural adjustment paths. The following section therefore turns
to the econometric model, outlining the estimation procedure and presenting the
empirical results.

Econometric Model

The empirical model applies the panel autoregressive distributed lag (ARDL) fra-
mework developed by Pesaran, Shin, and Smith (1999), estimated with the Pooled
Mean Group (PMG) estimator. This methodology is particularly appropriate as the
dataset combines 1(0) and I(1) variables and captures both the short-run adjustment
dynamics and the long-run equilibrium. The baseline model in error-correction form
is expressed as:

AlnY,, = ¢a’[:lnyi,t—1 — Byn¥,,_y — B,InRES,,_y — ByInK;, ; — Bglnl,,_4 — ﬁlmcpfa,r—l) +
E?:_;T:'j Aln¥ . ; + Ej:; 8 ;AKX ;+u+v+&,

(M

where ¢ is the speed of adjustment to equilibrium, ,Bj are long-run elasticities, and Yy
8, capture short-run heterogeneous dynamics. Country-specific fixed effects y, and
time effects v, account for unobserved heterogeneity and global shocks.

The estimation follows several steps in STATA (13 ed.):

1. Panel unit root tests (Levin-Lin-Chu, Im-Pesaran-Shin, Fisher-ADF) are
conducted to determine stationarity properties of each variable, ensuring
none are (2).

2. Panel cointegration is tested using the Westerlund ECM test, confirming
long-run relationships between growth and explanatory variables.

3. Optimal lag lengths for the ARDL model are determined using Akaike and
Schwarz information criteria.

4. The model is estimated using xtpmg with the PMG estimator. Alternative
estimators (Mean Group and Dynamic Fixed Effects) are applied for
robustness, with the Hausman test employed to assess efficiency versus
consistency.

5. Diagnostic tests include the Pesaran CD test for cross-sectional
dependence, Breusch-Pagan tests for heteroskedasticity, and LM tests for
serial correlation.
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RESULTS

The results of the panel ARDL estimations for the five Western Balkan countries
(2005-2022) are presented in Table 5. Both the Pooled Mean Group (PMG) and the
Mean Group (MG) estimators were applied to test the robustness of the findings. The
Hausman test suggests that the PMG estimator is more efficient when the long-run
coefficients are assumed to be homogeneous across countries, while short-run dyna-
mics remain heterogeneous.

Table 4. Panel ARDL results for WB6 (2005-2022)

VARIABLE LONG-RUN LONG-RUN SHORT-RUN  SHORT-RUN

(PMG) (MG) (PMG) (MG)
LN_EI (ENERGY «
INTENSITY) -0.235%(0.142)  0.054(0.210)  -0.070 (0.060) -0.082 (0.075)
LN_RES
(RENEWABLE 0.105%** (0.028)  0.088** (0.041)  -0.093***(0.021)  -0.099*** (0.024)
ENERGY SHARE)
LN_K (GROSS

FIXED CAPITAL 0.070 (0.049) 0.056 (0.065) 0.098*** (0.032) 0.067*** (0.024)
FORMATION)
LN_LAB (LABOUR
FORCE)

LN_CPI
(CONSUMER 0.669*** (0.172) 0.712***(0.201) -1.788(1.210) -1.532(1.460)
PRICE INDEX)
ERROR
CORRECTION -0.095 (0.082) -0.754*** (0.131) - -
TERM (ECT)

-0.012(0.033) -0.018 (0.045) 0.022 (0.019) 0.010(0.022)

Long-run effects

The error-correction term (ECT) in the PMG model is negative (-0.095) but sta-
tistically insignificant, while in the MG model it is strongly negative and significant
(-0.754***), The MG result suggests that deviations from the long-run equilibrium are
corrected at a speed of about 75% per year, implying rapid adjustment in the WB6.

In the long run, the coefficients show that:

« Energy intensity (In_ei) is negative (-0.235) in the PMG specification, with si-
gnificance at the 10% level, indicating that improvements in efficiency (lower
intensity) are associated with higher GDP per capita. The MG result is positive
but insignificant, highlighting cross-country heterogeneity.

» Renewable energy share (In_res) is positive and highly significant (0.105***
in PMG), confirming that renewables contribute to long-run growth.
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» Gross fixed capital formation (In_k) is positive (0.070) but not significant in
PMG, while MG yields a similar pattern.

« Labour force (In_lab) is insignificant in both specifications, reflecting stru-
ctural demographic constraints in the WB6.

« Consumer prices (In_cpi) are positive and highly significant in PMG
(0.669%***), but also in MG (0.712***), suggesting that moderate inflation is
associated with higher nominal growth in the region, consistent with findings
in emerging economies.

Overall, the long-run evidence supports H1 (efficiency matters for growth) and

H3 (renewables matter), while investment and labour effects are weaker than expe-
cted.

Short-run dynamics

The short-run results reveal interesting adjustment patterns. In the PMG estima-
tion, short-run energy intensity (Aln_ei) is negative (-0.070) but insignificant, while
renewable energy (Aln_res) is negative and significant (-0.093**¥), indicating adju-
stment costs or volatility in renewable deployment. Investment (Aln_k) is positive
(0.098***) and strongly significant, confirming its role as a short-run driver of GDP
growth. Labour force (Aln_lab) is positive but insignificant, while consumer prices
(Aln_cpi) are negative (-1.788) but not significant.

In the MG estimation, the short-run coefficients show similar patterns: renewable
energy is negative and significant (-0.099%**), while investment is positive and highly
significant (0.067***). Again, these results suggest that in the short run, structural
changes in the energy mix impose costs, but capital accumulation plays a stabilizing
role.

Final Interpretation

Taken together, the results confirm that energy efficiency has a positive and
significant effect on economic growth in the long run, consistent with the hypot-
hesis that lower energy intensity improves competitiveness and productivity (Stern,
2011; Ozturk, 2010; Bildirici, 2014). Renewable energy also enhances long-run growth,
aligning with recent studies on emerging economies (Deka, 2023). In the short run,
however, efficiency improvements and renewable integration appear to generate
adjustment costs, consistent with transition challenges observed in the WB6 (Frey,
2024).

The strong and significant error-correction term in the MG model highlights the
rapid speed of adjustment in the region, suggesting that despite heterogeneity, WB6
economies share a stable long-run path toward higher efficiency and sustainable
growth.
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Discussion and Policy Implications

The empirical results provide important insights into the relationship between
energy efficiency and economic growth in the Western Balkans. The analysis confirms
H1, showing that in the long run, reductions in energy intensity are associated with
higher GDP per capita. This result aligns with the broader literature on the energy-
growth nexus, where efficiency improvements are treated as a form of technological
progress that enhances productivity (Stern, 2011; Ozturk, 2010). For the WB6, this su-
ggests that policies targeting energy savings and efficiency gains can yield lasting
economic dividends.

By contrast, H2 is also supported: the short-run results show weak or negative
effects of energy efficiency and renewable energy on growth. This finding is consi-
stent with adjustment costs associated with restructuring energy systems, particu-
larly in countries with high dependence on coal and outdated infrastructure (Frey,
2024). In the short term, investments in energy efficiency may divert resources and
require time before productivity benefits are fully realized, a pattern also observed in
emerging economies (Awosusi et al., 2023).

The results also confirm H3 only partially. Renewable energy share is positive and
significant in the long run, demonstrating that renewables not only contribute to en-
vironmental sustainability but also support economic growth. However, in the short
run, the coefficients for renewable energy are negative, reflecting the transitional
burden of integrating intermittent and capital-intensive technologies into the energy
mix. Investment (gross fixed capital formation) has strong positive effects in the short
run, confirming its role as a driver of cyclical growth. The labour force variable was in-
significant, which may reflect demographic stagnation and structural unemployment
in the WB6 (Sanfey, Milatovic & Kresi¢, 2016).

In terms of the research questions, the evidence indicates a clear long-run re-
lationship between energy efficiency and growth, while short-run dynamics differ
across countries. Improvements in energy intensity are growth-enhancing in the long
run, and the speed of adjustment (especially in the MG estimation) suggests that WB6
economies converge relatively quickly to a new equilibrium after shocks. This conver-
gence is particularly relevant in the context of EU accession, where energy efficiency
targets are embedded in the European Green Deal and the Energy Community fra-
mework (Zvezdanovi¢ Lobanova & Lobanov, 2023).

From a policy perspective, the findings highlight the importance of sequencing
reforms. In the short run, efficiency and renewable energy policies may impose costs,
but these should be offset through targeted support mechanisms, such as subsidies
for building renovation, incentives for energy-efficient appliances, and investment
frameworks that mobilize both public and private capital. In the long run, the results
support the prioritization of energy efficiency in national strategies, as it yields both
economic and environmental benefits. Importantly, the heterogeneity revealed in the
short-run coefficients suggests that policies should be country-specific, addressing
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the structural characteristics of each WB6 economy rather than relying solely on regi-
onal averages.

The overall conclusion is that energy efficiency should not be seen merely as an
environmental obligation but as a central pillar of economic strategy in the Western
Balkans. By embedding efficiency measures into development policies, governments
can accelerate convergence with the EU, improve competitiveness, and foster susta-
inable growth.

CONCLUSION

This paper has examined the relationship between energy efficiency and econo-
mic growth in the Western Balkans over the period 2005-2022, using a panel ARDL
framework with PMG and MG estimators. The empirical results show that improve-
ments in energy efficiency, measured through reductions in energy intensity, are po-
sitively associated with GDP per capita in the long run. Renewable energy also contri-
butes positively to long-run growth, while investment plays a particularly strong role
in the short run. However, the short-run results reveal adjustment costs, as renewable
integration and efficiency improvements may initially exert negative or insignificant
effects. The error-correction term in the MG specification is strongly negative and si-
gnificant, suggesting that WB6 economies adjust relatively quickly toward long-run
equilibrium.

The findings provide important policy insights. They confirm that energy effi-
ciency should be treated not only as an environmental objective but as a strategic
driver of sustainable economic growth in the WB6. Policymakers should focus on
sequencing reforms: while short-run costs exist, the long-run benefits of efficiency
gains justify targeted incentives, support for innovation, and stronger regulatory fra-
meworks. The results are also highly relevant in the context of EU integration, where
the Energy Community and Green Deal set binding efficiency targets that align with
the growth agenda of the region.

Despite these contributions, several limitations must be acknowledged. First, the
study relies on aggregate macroeconomic indicators, which may obscure sectoral di-
fferences in energy efficiency and growth linkages. Second, the relatively short time
period and the exclusion of Kosovo* due to data unavailability constrain the scope of
inference. Third, while the ARDL approach is well-suited for mixed order integration,
alternative estimators (such as system GMM or structural VARs) could be applied in
future research to further validate the robustness of the results.

Future research should therefore extend the analysis in several directions. More
disaggregated data at the sectoral or firm level would allow for a better understan-
ding of how energy efficiency interacts with productivity, innovation, and competiti-
veness. Comparative studies with other EU candidate and member states would also
be valuable, enabling the WB6 to benchmark their progress more precisely. In additi-
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on, exploring the distributional impacts of efficiency policies, such as effects on em-
ployment, social welfare, and vulnerable households, would enrich the policy debate.

The main contribution of this paper lies in providing one of the first systematic
empirical assessments of the economic effects of energy efficiency in the Western
Balkans. By applying a dynamic panel ARDL framework, the study bridges the gap
between global research on the energy-growth nexus and the specific transition
challenges of the WB6. It demonstrates that energy efficiency is not a peripheral issue
but a central pillar of sustainable growth and convergence with the EU.

REFERENCES

1. Azhgaliyeva, Dina &Liu, Yang & Liddle, Brantley. (2020). An empirical analysis of energy
intensity and the role of policy instruments, Energy Policy, Elsevier, vol. 145(C). https://
doi.org/10.1016/j.enpol.2020.111773

2. Belloumi, M., & Aljazea, A. (2024). Relationship between Energy and Economic
Growth: Evidence from a Panel Nonlinear ARDL Model. International Journal of Energy
Economics and Policy. 14(2), 468-476. https://doi.org/10.32479/ijeep.15513

3. Bildirici, M. E. (2014). Relationship between biomass energy and economic growth in
transition countries: panel ARDL approach. GCB Bioenergy. 6(6): 717-726. https://doi.
org/10.1111/gcbb.12092

4. Dabrowski, M. & Myachenkova, Y. (2018). The Western Balkans on the road to the
European Union, Policy Contribution, Bruegel. Issue n°04, February 2018, https://
euagenda.eu/upload/publications/untitled-133335-ea.pdf

5. Deka, A., Ozdeser, H., Seraj, M., & Kadir, M.O. (2023). Does energy efficiency, renewable
energy and effective capital promote economic growth in the emerging 7 economies?
New evidence from CS-ARDL model. Futur Bus J. 9, 52 https://doi.org/10.1186/s43093-
023-00235-y

6. Demiral, M. & Demiral 0. (2021). Socio-economic productive capacities and energy
efficiency: global evidence by income level and resource dependence. Environ Sci
Pollut Res Int. 30(15): 42766-42790. https://doi.org/10.1007/s11356-021-17266-z.

7. Estrin, S. & Uvalic, M. (2016). Foreign direct investment in the Western Balkans: what
role has it played during transition? Comparative Economic Studies. 58(3): 455-483.
https://data.europa.eu/doi/10.1057/ces.2016.10

8. Frey, B. (2024). The Energy Transition in the Western Balkans: The Status Quo, Major
Challenges and How to Overcome them, Policy Notes and Reports no. 76, The Vienna
Institute for International Economic Studies. https://wiiw.ac.at/the-energy-transition-
in-the-western-balkans-the-status-quo-major-challenges-and-how-to-overcome-
them-dIp-6896.pdf

9. IEA (2024). World Energy Investment 2024, International Energy Agency https://www.
iea.org/reports/world-energy-investment-2024/overview-and-key-findings

165



Third International Scientific Conference

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Lika, L. (2023). The meaning of the Western Balkans concept for the EU: genuine
inclusion or polite exclusion? Southeast European and Black Sea Studies. 24 (1): 63-78.
https://doi.org/10.1080/14683857.2023.2170204

Mulabdic, A. & Ruta, M. (2018). Effects of a Deeper Central European Free Trade
Agreement. Washington, D.C. World Bank Group. http://documents.worldbank.org/
curated/en/717941646720980197

Nigoul, C. (2008).The Western Balkans under the tutelage of the international
community. LEurope en formation. 349-350 (3): 15-32. https://doi.org/10.3917/
eufor.349.0015

Ozturk, . (2010). A literature survey on energy-growth nexus. Energy Policy. 38(1): 340-
349. https://doi.org/10.1016/j.enpol.2009.09.024

Pesaran, M. H., Shin, Y., & Smith, R. P.(1999). Pooled Mean Group Estimation of Dynamic
Heterogeneous Panels. Journal of the American Statistical Association. 94(446): 621-
634. https://doi.org/10.2307/2670182

Ristanovi¢, V., Joksimovi¢, M., & Sostar, M. (2025). Greening policy in the Western Balkans:
Financial pathways. Medunarodna politika, 76(1194), 323-347.

Ristanovi¢, V. (2022). International Trade Flows of the Balkan States. The Review of
International Affairs. 63:1184, January-April 2022. https://doi.org/10.18485/iipe_
ria.2022.73.1184.1

Sanfey, P, Milatovic, J., & Kresi¢, A. (2016). How the Western Balkans Can Catch Up.
EBRD Working Paper No. 185. http://dx.doi.org/10.2139/s5rn.3119685

Spasi¢, V. (2021). Serbia adopts four laws on energy, mining. Balkan Green Energy
News. 21 April 2021. https://balkangreenenergynews.com/serbia-adopts-four-laws-
on-energy-mining/ (accessed on 13.10.2024).

Stern, D. I. (2011). The role of energy in economic growth, in ,Ecological Economics
Reviews.” Robert Costanza, Karin Limburg & Ida Kubiszewski, Eds. Ann. N.Y. Acad. Sci.
1219:26-51. https://doi.org/10.1111/j.1749-6632.2010.05921 .x

Vukadinovic, N. (2023). Environmental democracy in the Western Balkans between
dependent capitalism and integration into the European Union, OgfE Policy Brief 12
2013, Osterreichische Gesellschaft fiir Europapolitik, Vienna, https://sciencespo.hal.
science/hal-04124597v1/file/PB-Article%20Policy%20brief%20NV%2007.06.2023.pdf

World Bank (2017). Western Balkans: Revving up the engines of growth and prosperity.
World Bank Group, Washington DC, Available at: https://openknowledge.worldbank.
org/bitstream/handle/10986/28894/ACS22690.pdf

World Bank (n.d): Worldwide Governance Indicators. Washington, DC: World Bank
https://databank.worldbank.org/source/worldwide-governance-indicators.

Zhou, J., Ma, Z., Wei, T., & Li, C. (2021). Threshold Effect of Economic Growth on Energy
Intensity — Evidence from 21 Developed Countries. Energies. 14(14): 4199. https://doi.
0rg/10.3390/en14144199

Zvezdanovi¢ Lobanova, J., & Lobanov, M. (2023). Problems and Perspectives of the

European Green Deal with the Focus on the SEE Countries and Serbia. The Review of
International Affairs.74(1188):51-77.https://doi.org/10.18485/iipe_ria.2023.74.1188.3

166



