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THE IMPACT OF RENEWABLE
ENERGY CONSUMPTION ON
EXPORT PERFORMANCE IN
UZBEKISTAN: A VECTOR
AUTOREGRESSION APPROACH

Abstract

The paper deals with the growing importance of understanding energy consumption
patterns and their relationship with export performance in developing economies. The
study aims to analyze the bidirectional relationship between commodity exports and
energy consumption in Uzbekistan from 1992 to 2023. A vector autoregression (VAR)
model is employed as the primary methodology, incorporating four main variables:
commodity exports, GDP per capita, renewable energy consumption, and renewable
electricity generation. Unit root tests (ADF and PP) were conducted, revealing that
all variables are stationary in their first differences, which necessitated cointegration
analysis. The Johansen test results confirm the existence of a single long-run cointegra-
tion vector among the variables. Granger causality tests identify a bidirectional causal
relationship between GDP per capita and exports, with changes in GDP per capita
having a significant impact on exports (p < 0.001) and vice versa. The results dem-
onstrate that renewable electricity has a positive effect on exports (coefficient = 0.055,
p = 0.01), while GDP per capita shows a negative effect on exports (coeflicient =
-0.0002, p = 0.039). Additionally, VAR analysis reveals that past values of exports sig-
nificantly influence current export levels, with a lagged coeflicient of 0.883 (p < 0.05).
These findings have practical implications for policymakers in Uzbekistan seeking to
balance economic growth objectives with sustainable energy development strategies.

Keywords GDP, VAR, energy consumption, export, CO2 emissions,
renewable energy
JEL Classification C32, Q43

INTRODUCTION

Energy security and export growth are critical factors for develop-
ing economies seeking sustainable economic development. In recent
years, the relationship between renewable energy adoption and export
performance has become increasingly important as countries aim to
balance economic growth with environmental sustainability. This in-
terrelationship is particularly significant for transition economies like
Uzbekistan, which are working to strengthen their position in global
markets while addressing energy challenges.

The relationship between renewable energy consumption and export
performance in Uzbekistan remains understudied despite its impor-
tance for the country’s economic development and export competitive-
ness. The country faces considerable energy system challenges related
to stability, security, and affordability, intensified by rapid population
growth and increasing urbanization. These factors place additional
pressure on existing energy infrastructure and highlight the need for
sustainable energy solutions that support economic development.

http://dx.doi.org/10.21511/ee.16(2).2025.14
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As global markets increasingly prioritize sustainable production and trade, understanding how the
adoption of renewable energy affects export competitiveness becomes crucial for strategic economic
planning. Uzbekistan’s heavy reliance on fossil fuels, particularly natural gas, has implications for both
economic sustainability and environmental impact. However, the country has prioritized economic de-
velopment and efficient energy resource utilization as strategic national goals in recent years.

The export sector plays a vital role in Uzbekistan’s economy, significantly contributing to GDP and eco-
nomic growth. Market liberalization policies implemented since 2017 have transformed the country’s
trade environment, creating new opportunities and challenges for exporters. Understanding how en-
ergy consumption patterns, particularly renewable energy adoption, influence export competitiveness

has become essential for developing effective economic policies.

1. LITERATURE REVIEW

Research on the relationship between renew-
able energy and export performance has evolved
along three main trajectories: energy efficiency
and export competitiveness, bidirectional rela-
tionships between GDP and exports, and the in-
terplay between renewable energy technologies
and international trade. This literature review
synthesizes existing knowledge across these do-
mains to identify patterns, contradictions, and
research gaps.

The impact of renewable energy adoption on ex-
port performance varies across economic contexts
and energy types. Alhashim et al. (2024) demon-
strated that renewable energy consumption posi-
tively influences economic growth in emerging
E-7 economies (Brazil, China, Indonesia, India,
Mexico, Russia, and Turkey) by supporting an en-
dogenous growth model alongside technological
innovation and export diversification. Similarly,
Fajdeti¢ and Festi¢ (2024) established a positive re-
lationship between renewable energy sources and
economic growth in the European Union, show-
ing that sustainable development can be achieved
by integrating environmental components into
economic strategies.

Energy autonomy through renewable sources can
shield economies from external energy price fluc-
tuations. Bozhanova et al. (2023) highlighted how
countries such as Iceland and Uruguay achieved
energy independence through renewable sources,
enhancing their economic stability and export
potential. This finding is particularly relevant for
resource-dependent transition economies seeking
to reduce external vulnerabilities.

http://dx.doi.org/10.21511/ee.16(2).2025.14

The relationship between energy efficiency and ex-
ports appears to be mutually reinforcing in many
contexts. Ahmed and Elfaki (2024) found that en-
ergy efliciency is positively associated with both en-
vironmental quality and economic growth in Asian
economies, suggesting that implementing energy
efficiency measures can enhance export-oriented
growth while improving environmental outcomes.
Ullah et al. (2024) demonstrated that energy use, in-
cluding renewable energy, plays a crucial role in in-
creasing the complexity of exports in OECD mem-
ber countries. However, the use of renewable energy
has a less pronounced impact on export sophistica-
tion than non-renewable energy.

The relationship between exports and GDP per cap-
ita represents a complex interaction that influenc-
es both energy consumption patterns and export
performance. Saribayevich et al. (2024) identified
varying relationships between these factors across
different economic contexts, noting that their inter-
actions are often influenced by development levels,
trade policies, and external economic conditions.

Several studies have found strong positive correla-
tions between exports and GDP growth. Ram (1987)
identified a 99% correlation between GDP per cap-
ita and exports in Macedonia, indicating exports’
significant impact on economic growth. Cross-
country analyses by Burney (1996) confirmed that
exports contribute positively to economic growth,
though with varying intensity depending on time
periods and methodological approaches.

The causal relationship between exports and GDP
growth remains a topic of debate in the literature.
Odhiambo (2022) suggested bidirectional causal-
ity where exports and GDP growth mutually re-
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inforce each other in middle-income countries,
while Temple and Wofimann (2006) found that
the relationship may be unidirectional, with ex-
ports leading to GDP growth in some countries
and vice versa in others. This variability under-
scores the context-specific nature of these rela-
tionships, which is particularly relevant for transi-
tion economies like Uzbekistan.

The stage of economic development appears to
mediate the export-GDP relationship. Ram (1985)
found stronger positive relationships between ex-
port growth and GDP growth in countries with
higher GDP per capita, suggesting that export-led
growth benefits may be more favorable for coun-
tries that have reached a minimum development
threshold. This finding is reinforced by Odhiambo
(2022), who observed that while middle-income
countries in sub-Saharan Africa show bidirection-
al causality, low-income countries demonstrate
neutrality, indicating that export-led growth strat-
egies may not be universally effective.

Several mechanisms link exports to GDP growth,
including increased import capacity, concentrated
investment in productive sectors, and productivity
improvements through economies of scale (Emery,
1967). Additionally, exports can attract foreign in-
vestment and technology, further stimulating eco-
nomic growth and potentially enhancing energy
efficiency (Qodirov et al., 2024).

The theoretical framing of the export-GDP re-
lationship varies across economic paradigms.
Neoclassical theories emphasize the positive im-
pact of exports on resource allocation and eco-
nomic performance, while Marxist perspectives
may view trade as potentially exploitative (Ram,
1985). Xolmurotov et al. (2024) and Yulduz et al.
(2025) note that while the positive relationship be-
tween exports and GDP per capita is well-estab-
lished, its context-specific nature requires care-
ful consideration of development levels, regional
characteristics, and external economic conditions.

The shift toward renewable energy consump-
tion has significant implications for international
trade, particularly commodity exports. This rela-
tionship encompasses €Conomic, environmental,
and political dimensions that vary across regional
and economic contexts.

188

Increased renewable energy consumption can en-
hance export potential by reducing energy costs
and improving energy security. Giines et al. (2022)
found that in OECD countries, the transition to re-
newable energy correlates with increased exports
and reduced imports, improving trade balances.
Amaliyah et al. (2022) demonstrated that renew-
able energy consumption in Indonesia stimulates
both imports and exports, highlighting interna-
tional trade’s role in promoting renewable energy
adoption. Similarly, Sebri (2015) found that across
69 countries, renewable energy consumption had a
unidirectional causal effect on trade in the short run.

Long-term relationships between renewable en-
ergy consumption, economic growth, and trade
have been established in multiple contexts. Wang
et al. (2023) found that across 122 countries, re-
newable energy consumption stimulates econom-
ic growth while limiting carbon emissions, there-
by contributing to sustainable development. Kao
and Chiang (2001) demonstrated that internation-
al trade facilitates technology transfer and capac-
ity building required for scaling renewable energy
production and consumption.

Regional variations in the impact of renewable en-
ergy consumption on exports show considerable
differences across countries. Research indicates
that while renewable energy consumption and
trade openness tend to reduce carbon emissions
in developed nations, the relationship proves more
complex in developing countries, where these fac-
tors can sometimes contribute to increased emis-
sions rather than reductions. The differing out-
comes between developed and developing coun-
tries likely reflect variations in industrial structure,
technological capacity, and the nature of export
industries. Developed countries may be better po-
sitioned to leverage renewable energy for cleaner
production processes, while developing nations
might face challenges in effectively integrating re-
newable sources into their export-oriented man-
ufacturing sectors. Senarathne and Jayasinghe
(2021) advised policymakers to promote trade
openness and renewable energy consumption as
complementary strategies to enhance economic
growth and environmental sustainability.

The relationship between commodity exports and
renewable electricity generation involves complex

http://dx.doi.org/10.21511/ee.16(2).2025.14



economic, environmental, and technological fac-
tors. Ziesemer (2019) found that increased renew-
able electricity production led to increased imports
and reduced electricity exports, potentially affect-
ing trade supply fluctuations. The sensitivity of ex-
ports to renewable energy sources varies by region
and energy type, as demonstrated by Narayan and
Nguyen (2019), who found that in Vietnam, exports
were more responsive to renewable energy sources
like hydropower than to fossil fuels.

The renewable energy-trade relationship also in-
fluences economic growth. Almajali et al. (2024)
found positive associations between renewable en-
ergy use, trade openness, and economic growth
in South Asia, although with ambiguous envi-
ronmental benefits. Similarly, Apergis et al. (2018)
demonstrated the positive impacts of renewable
energy consumption and trade on economic out-
put in Africa, highlighting trade’s role in technol-
ogy transfer.

A country’s trade openness can influence renew-
able energy technology development. Zvarych et
al. (2024) found that countries more open to inter-
national trade are more likely to adopt renewable
technologies, increasing their climate resilience
and export opportunities. Strong renewable en-
ergy policies can provide comparative export ad-
vantages, as demonstrated by Groba (2011), who
found that countries with strong environmental
standards capitalized on growing markets for re-
newable energy technologies.

Investment in renewable energy infrastructure
proves crucial for boosting export performance.
Almajali et al. (2024) showed that renewable ener-
gy availability can reduce dependence on import-
ed fossil fuels, improving trade balances. However,
Yu et al. (2023) noted that the environmental ben-
efits of renewable energy are not always immedi-
ately apparent, as CO2 emissions and economic
growth relationships vary regionally.

Previous studies on renewable energy and export
relationships have primarily focused on developed
economies or broad cross-country analyses, with
limited attention to transition economies like
Uzbekistan. The specific mechanisms through
which renewable energy adoption affects export
performance in post-Soviet economies remain

http://dx.doi.org/10.21511/ee.16(2).2025.14
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understudied despite their unique energy infra-
structure legacies and ongoing market reforms.
Additionally, the bidirectional relationship be-
tween renewable energy consumption and exports
in the context of Uzbekistan’s economic liberaliza-
tion has not been thoroughly examined.

This study addresses these gaps by investigating
the specific dynamics between renewable energy
consumption, GDP per capita, and export per-
formance in Uzbekistan during a critical period
of economic transition. By employing a vector
autoregression approach, it seeks to identify both
short-term dynamics and long-term relationships
between these variables, providing empirical evi-
dence to inform integrated energy and trade poli-
cies for sustainable economic development in
Uzbekistan and similar transition economies.

2. METHODOLOGY

The VAR (vector autoregression) model is widely
used to study the correlation between time series
(Hou et al., 2023). One of the main reasons for
choosing a VAR model in this study is to identify
the bidirectional relationship between exports and
energy consumption (Ibrahiem, 2018). VAR model
provides a systematic approach in which each vari-
able depends on its own and other variables’ lags.
It is an important tool for identifying endogenous
variables and is suitable for understanding com-
plex economic systems. The model is effective in
analyzing the causal relationships between energy
consumption and exports, as it allows the use of ad-
vanced analysis techniques such as Granger causal-
ity and cointegration (Acheampong et al., 2021).

The VAR model is expressed as follows:
V=AY +A4Y ,+..+4Y  +¢, (1)

where Y, is a vector of variables of size k” 1 (in the
case of this study, exports, gross domestic prod-
uct, renewable energy consumption and electricity
production). ALA,..., Ap: k> k coeflicient matrices
of each delay. g:is the error term, i.e., it represents
the unobserved factors of the variables, and it is
assumed that g ~ N(0, X). p: number of lags, lag or-
der, which is determined through statistical tests
(for example, using AIC and SC criteria).
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The study describes the model as follows:

In(Ln(Merchandiseexports,),

GDP per capita,,
Y= @
Renewable energy consumption,,

Renewable electricity output,)

where Y —isa 4x1 vector containing variables at time
t. In(Ln(Merchandise exports) — Natural logarithm
of merchandise exports (in current US dollars). GDP
per capita, — Gross domestic product per capita (in
current US dollars). Renewable energy consumption,
- Renewable energy consumption (share in total fi-
nal energy consumption, %). Renewable electricity
output, — Renewable electricity generation (share in
total electricity generation, %).

The variables used in the study are listed in Table 1;
the research period is from 1992 to 2023.

3. RESULTS

The unit root test is important in the applica-
tion of the VAR model. The main reason for the
test is to determine the stationarity of the vari-
ables (McLeod et al., 2012). If the stationarity
conditions are not met, this can lead to a num-
ber of problems. The VAR model can produce
incorrect results on non-stationary data, which
can lead to unreliable parameters in the model

(Chang & Shi, 2024). If the variables are not sta-
tionary, it is necessary to analyze the presence
of cointegration (long-term dependence) be-
tween them (Stern, 2016). This, in turn, requires
necessary adjustments before being included
in the VAR model. In econometric modeling,
time series are usually not inherently station-
ary. Therefore, it is necessary to first determine
their stationarity. Two main methods are used
in the Unit Root Test (Halmuratov et al., 2025).
ADF (Augmented Dickey-Fuller) test adds lags
to ensure that the residual noise of the variable
is not autocorrelated. PP (Phillips-Perron) test
adjusts the residual noise for autocorrelation
and heteroskedasticity.

Table 2 presents the results of the ADF and PP
tests for all variables (exports, GDP, renewable
energy consumption, and electricity produc-
tion). According to the analysis, the p-values
(probability values) of the ADF and PP tests at
the level of the variables are greater than 0.05.
This means that the variables are not station-
ary at their level (the null hypothesis cannot be
rejected) (Vijay, 2025). After the first-order dif-
ferentiation of the variables, the results of the
ADF and PP tests (p-values) are less than 0.05,
indicating that all variables are stationary in the
first difference (the null hypothesis is rejected).
All variables are found to be stationary in the
first difference, that is, they have an I(1) process.

Table 1. Variables, measurements, and sources of data

Variables

Sources

Symbol of Data

Merchandise exports (current USD)

Renewable energy consumption (% of total final energy
consumption)

Renewable electricity output (% of total electricity output)

Renewable electricity output

 World Bank and Stat.uz databases
World Bank and Stat.uz databases

..Ln(Merchandise exports)

...GDPpercapita

Renewable e_nergy  World Bank and Stat.uz databases
LJgonsumption

World Bank and Stat.uz databases

Table 2. Unit root test results (Intercept)

Variable name ADF test PP test
at Level ¢ first-difference at Level ¢ first-difference

_ -0.343 ‘ -3.085 : -0.216 : —21.251
Le8102) 0027y (0.9453) . 100036)

. -0.916 —2.887 -0.907 -16.513
(0.7826) . .......\00468) i ..(08979)  ......(00222)

) -1.914 —3.784 —39.390
LA03288) o neeosyy a8y (0.0000)

o 4,822 . -49.905

(0.0000) (0.0000)
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The presence of I(1) of the variables requires
cointegration analysis. Therefore, to increase
the reliability of the results of the VAR model, a
cointegration test is used (listed in Table 4).

The stationarity test results indicate that all vari-
ables exhibit non-stationary behavior at their lev-
els, suggesting the presence of trends or structur-
al changes over the study period. This finding is
typical for macroeconomic time series and reflects
Uzbekistan’s economic transformation since inde-
pendence. The fact that all variables become sta-
tionary after first differencing confirms they are
integrated of order one I(1), which is consistent
with economic growth processes and structural
changes in a transition economy.

Lag criteria test is important in VAR model analy-
sis. If the number of lags is chosen incorrectly, the
model will read with too many or too few param-
eters. The number of lags plays a key role in deter-
mining the degree of time lag of the relationship. If
the correct number of lags is not chosen, autocor-
relation of residual noises may occur in the model.

Table 3 shows that lag 2 was selected as the opti-
mal option according to the most reliable criteria
for lag selection (FPE, AIC, HQ). This choice helps
to correctly assess the relationship between ex-
ports and energy consumption when building the
VAR model. Thus, the VAR model is built using
lag 2 in the subsequent stages, and this lag value is
the main one throughout the analysis.

The selection of lag 2 suggests that economic ad-
justments in Uzbekistan’s export-energy nexus
take approximately 2 years to materialize. This

Table 3. Lag criteria test

Environmental Economics, Volume 16, Issue 2, 2025

time frame aligns with typical policy imple-
mentation periods and the time needed for en-
ergy infrastructure investments to impact export
competitiveness.

For a VAR model, the cointegration test is im-
portant in determining the long-run relationship
between variables. Even if the variables are cor-
related, they may maintain their direction over
time. The Johansen test confirms such a long-run
relationship.

According to the analysis results, the trace statistic
for level 0 (59.1069) is greater than the critical value
at the 5% (47.21) and 1% (54.46) significance levels.
This means that the study rejects the null hypoth-
esis that there are at most 0 cointegration vectors.
The trace statistic for level 1 (23.8949) is less than
the critical value at the 5% (29.68) and 1% (35.65)
significance levels. This means that the study can-
not reject the null hypothesis that there are at most
1 cointegration vector. Thus, there is a single cointe-
gration vector between the time series.

The existence of one cointegration vector confirms
a stable long-run equilibrium relationship be-
tween exports, GDP, renewable energy consump-
tion, and electricity generation. This suggests that
despite short-term fluctuations, these variables
move together over time, indicating structural
economic linkages in Uzbekistan’s economy.

Granger causality tests are used to determine
whether one-time series is useful in predicting an-
other (Table 5) or, in simple terms, whether chang-
es in one variable (the “cause”) precede or influ-
ence changes in another variable (the “effect”).

VAR Lag Order Selection Criteria

Lag LogL LR FPE AIC sC HQ
0 . -307874 . NA . 477399 6.6401 6.9281 67257 ..
~250.069 . 15561 784.981 -5.1668 -3.1511* —4.5674
o 7829 | 4448 | s51.847% -5.8615* -2.1180 —47484%

Note: * indicates the optimal lag order selected by the corresponding criterion.

Table 4. Johansen cointegration test

. Critical value L. Critical value
Rank Maximum " Trace statistics "
5% 1% 5% 1%
O .....352121 02707 i 3224 591069 i 4721 0 5446
: 19.2058 20.97 25.52 23.8949 29.68 35.65

http://dx.doi.org/10.21511/ee.16(2).2025.14
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Table 5. Granger causality Wald tests

Equation Excluded : chi2 :df:Prob>chi2

In_Merch_export . GDP per cap 42669 1 0039
1 0.984

10010
In_Merch_export 1 0.000

(GDP_percap . Ren_ener_cons 10077

.GDP_per_cap . Ren_elec_output 1:..9354 .
GDP_per_cap ALL 3 0.000
1 0.024

10413

I .- 3...004
Ren_elec_output @ In_Merch_export 1 0.931

Ren_elec_output _ GDP per_cap _ 10128

_Ren_elec_output : Ren_ener_cons 1.:..0004 .
Ren_elec_output ALL 3¢ 0.012

The analysis shows that GDP per capita causes ex-
ports of goods. In other words, changes in GDP
per capita precede and affect changes in exports
of goods. GDP per capita ~ Exports of goods:
The p-value is 0.000, which is much smaller than
0.05. This shows strong evidence that exports of
goods Granger cause GDP per capita. Energy def-
icit ~ Electricity generation: The p-value is 0.413,
which is larger than 0.05. This shows that there is
no evidence of Granger causality between renew-
able energy consumption and renewable electric-
ity generation.

In general, GDP per capita has a significant im-
pact on merchandise exports, and merchandise
exports also affect GDP per capita. Renewable en-
ergy consumption and renewable electricity gen-
eration do not have a strong causal relationship.

The bidirectional causality between GDP per cap-
ita and exports reflects a mutually reinforcing re-
lationship where economic growth enhances ex-
port capacity while export earnings contribute to
economic development. The significant impact of
renewable electricity on exports suggests that sus-
tainable energy infrastructure enhances export
competitiveness.

The results of the vector autoregression (VAR)
analysis are summarized in Table 6. This analy-
sis was conducted to assess the relationships be-
tween the selected variables. The results are as fol-
lows. The second lag in merchandise exports has

192

a statistically significant and positive effect on the
current level of exports (coefficient = 0.8829975, z
= 5.61, P < 0.05). This result indicates that the in-
crease in export volumes in previous periods has
a positive effect on exports in the current period
due to steady growth or inertia in export activity.
The second lag in GDP per capita has a statisti-
cally significant negative effect on exports (coeffi-
cient = -0.0002031, P = 0.039). This suggests that
higher GDP per capita in earlier periods may in-
directly reduce export performance, possibly due
to changes in domestic consumption patterns or a
decrease in the focus on export-oriented produc-
tion. The second lag of renewable electricity gen-
eration has a positive effect on exports (coeflicient
= 0.0556693, P = 0.01). This suggests that higher
renewable electricity generation in earlier periods
may increase export competitiveness, possibly by
reducing energy costs or supporting sustainable
production practices.

The second lag in merchandise exports has a sig-
nificant positive effect on GDP per capita (coefli-
cient = 714.1001, P = 0.000). This indicates that in
previous periods, higher export earnings and in-
creased economic activity significantly contrib-
uted to economic growth. The second lag in GDP
per capita also has a significant positive effect on
current GDP (coeflicient = 0.390193, P = 0.000).
This reflects the steady growth of GDP over time,
where past economic performance continues to
influence current economic performance. The
second lag in GDP per capita has a statistically
significant positive effect on renewable energy
consumption (coefficient = 0.0003466, P = 0.024).
This suggests that economic growth in previ-
ous periods has encouraged the use of renew-
able energy, potentially due to increased invest-
ment in green technologies or energy efficiency.
The second lag of renewable energy consump-
tion has a statistically significant negative effect
on renewable electricity generation (coeflicient
= -3.502299, P = 0.004). This finding may indi-
cate inefliciencies or reduced returns in renew-
able energy systems over time. The second lag of
renewable electricity generation itself has a posi-
tive effect on current generation (coefficient =
0.6059949, P = 0.001). This suggests the sustain-
ability of renewable energy generation over time
due to the stability and reliability of renewable
energy infrastructure.

http://dx.doi.org/10.21511/ee.16(2).2025.14



The coefficient of determination (R-squared) for
each equation shows how well the model explains
the variation in the dependent variables: Exports of
goods: R-squared = 0.8929 (89.29% of the variation
explained). GDP per capita: R-squared = 0.9360
(93.6% of the variation explained). Renewable en-
ergy consumption explains 41.31% of the varia-
tion. Renewable electricity generation: R-squared
= 0.7431 (74.31% of the variation explained). The
Chi-squared values for each equation confirm the
overall statistical significance of the models (P <
0.05), making the VAR results reliable for inter-
preting the relationships between the variables.

The analysis reveals an important bidirectional
relationship. Exports have a positive impact on
GDP per capita, while GDP per capita also affects
export performance. This highlights a mutually
reinforcing dynamic between economic growth
and trade. Renewable energy consumption and
electricity generation have a significant impact on
GDP and exports, highlighting the role of sustain-
able energy infrastructure in enhancing economic
growth and export competitiveness.

The inclusion of lagged variables captures the dy-
namic relationships between these variables and

Table 6. Vector autoregression results
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allows one to understand how past values affect
current outcomes. This dynamic framework helps
to identify causal relationships and feedback loops
that are important for policymaking and econom-
ic planning. Overall, the VAR model effectively
captures the relationships between exports, GDP
per capita, renewable energy consumption, and
renewable electricity generation. These findings
highlight the importance of promoting renewable
energy development and increasing export perfor-
mance to ensure sustainable economic growth.

The positive coefficient for lagged exports (0.883)
indicates strong persistence in export perfor-
mance, suggesting that established trade relation-
ships and market positions create momentum. The
negative coeflicient for GDP per capita (-0.0002)
may reflect the “resource curse” phenomenon
where domestic consumption competes with ex-
port production as income rises. The positive im-
pact of renewable electricity (0.056) demonstrates
that sustainable energy infrastructure enhances
export competitiveness.

Table 7 tests residual autocorrelation in the VAR
model. The purpose of this test is to determine
whether there is autocorrelation between the resid-

Sample: 1992 thru 2023 : Number of obs 32
Log likelihood {0 2777227 GAIC 18.60767
PE e MBLSLLTHQIC i 1801133
det(sigma_ml) 405.9221 : SBIC 19.52375
Equation Parms . RMSE R-sq chi2 P > chi2
GDP_per_cap 5 224.448 ) 467.768 0.0000
Ren_ener cons e S, 368517 0131 18664 00401
Ren_elec_output 5 1.96427 92.554 0.0000
Coefficient Std.err. z [95% conf. interval]

In_Merch_export

In_Merch_exportl2. 8829975 . 1574667 5743685 1191627
GDP_per_cap L2. —.0002031 .0000983 —.0003959 —-.0000104
Ren_elec outputl2 | 0556693 0217331 . 256 0130731 0982654
_cons 2.0449948 3.309692 —4.43693 8.536825
GDP_per_cap
In_Merch_exportl2. 7141001 . 1494574 . 478 . . 4211689 | 1007.031
390193 1 0933399 . 2072502 | 5731357
—-15231.9 3141.351 —21388.84 —9074.967
Ren_ener_cons
GDP_per_cap L2. 0003466 0001533 | 2.26 0.024 .0000463 .000647
Ren_elec_output
Ren_ener consl2. . -3502299 . 1206646 . 290 . 0004 | 5867281 . 1137317
Ren_elec_output L2 © 6059949 1805239 336 0001 | 2521745 9598153
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uals of the VAR model. According to the analysis,
for lag 1: chi2:19.4712, df: 16, Prob > chi2: 0.24499
(P > 0.05). This indicates that there is no residual
autocorrelation at lag 1. The null hypothesis (“no
autocorrelation at lag 17) is not rejected. For lag
2: chi2: 16.2840, df: 16, Prob > chi2: 0.43332 (P >
0.05). There is no autocorrelation at lag 2 either.
The null hypothesis is not rejected again.

According to the results, there is no autocorrela-
tion in the model residuals at the first and second
lags. This result is a good result for the VAR mod-
el, as it shows that the residuals are independent
and that the model is working properly. These test
results confirm the reliability of the VAR model.
Therefore, one can be confident in the results of
the analysis. The absence of residual autocorrela-
tion allows this study to continue using the VAR
model in further analyses.

Table 7. Lagrange-multiplier test result

lag chi2 L df Prob > chi2

o learia o 16 024499
. 162840 16 0.43332

" Ho:no sutocorrelation at g order

Table 8 shows the Jarque-Bera Test Results. The
Jarque-Bera test is used to test whether the residu-
als in a VAR model are normally distributed. This
test helps to determine whether the residuals fol-
low a normal distribution. The test results show
the following: Ln(Merchandise exports): P-value is
0.49318, which is greater than 0.05. Therefore, it
cannot be rejected that this residual is normally
distributed. GDP per capita: P-value is 0.00000,
which is less than 0.05. This indicates that the re-
siduals for GDP per capita are not normally dis-
tributed. Renewable energy consumption: P-value
is 0.88576, which is greater than 0.05. This residual
is normally distributed. Renewable electricity out-
put: P-value is 0.60168, which is greater than 0.05.
This also indicates that the residual is normally
distributed. All equations combined: P-value is
0.00000, which means that a normal distribution
is rejected when all residuals are combined.

4. DISCUSSION

The findings on bidirectional causality between
GDP and exports align with Odhiambo’s (2022)
observations in middle-income countries but con-
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trast with unidirectional relationships found in
lower-income economies. This positioning sug-
gests that Uzbekistan has reached a development
threshold where mutually reinforcing economic
dynamics between exports and growth are active.

The positive impact of renewable electricity on
exports confirms and extends Narayan and
Nguyen’s (2019) findings from Vietnam, where
exports showed greater responsiveness to renew-
able energy sources than to fossil fuels. The results
of the current study provide novel evidence from
Central Asia, demonstrating that this relationship
holds in a post-Soviet transition economy with dif-
ferent institutional and market structures.

The relationship between GDP per capita and re-
newable energy consumption corroborates Wang
et al’s (2023) finding across 122 countries that re-
newable energy consumption stimulates econom-
ic growth. However, the identification of bidirec-
tional causality provides a more nuanced under-
standing of how these variables interact in a spe-
cific national context.

The results diverge from Giines et al.’s (2022) find-
ings in OECD countries, where renewable energy
transition is associated with both increased ex-
ports and reduced imports. The more complex re-
lationship observed in Uzbekistan likely reflects
its specific development stage and resource en-
dowment as a natural gas producer.

The bidirectional relationship between exports
and GDP highlights the importance of coordinat-
ed trade and development policies. Export promo-
tion initiatives should be integrated with broader
economic development strategies to maximize
synergies and mutual reinforcement.

The positive impact of renewable electricity on ex-
port performance provides a strong economic ra-
tionale for accelerating renewable energy infra-
structure development beyond environmental con-
siderations. Policymakers should view renewable
energy investments as trade competitiveness mea-
sures that can improve Uzbekistan’s export perfor-
mance while advancing sustainability objectives.

The time lag structure identified in the VAR mod-
el indicates that policy interventions may take up
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to two years to fully materialize. This suggests
that consistent, long-term policy implementa-
tion is necessary, and frequent policy changes
may disrupt the development of these economic
relationships.

This study’s focus on aggregate exports may mask
the sector-specific effects of renewable energy
adoption. Future research should disaggregate ex-
ports by sector to identify which industries benefit
most from renewable energy infrastructure, al-
lowing for more targeted policy interventions.

The analysis period (1990-2023) encompasses sig-
nificant structural changes in Uzbekistan’s econo-
my, particularly the market liberalization reforms
implemented since 2017. Further research using
structural break analysis could identify how these

Environmental Economics, Volume 16, Issue 2, 2025

reforms may have altered the relationships be-
tween renewable energy, GDP, and exports.

While this study establishes the statistical relation-
ships between variables, the specific mechanisms
through which renewable energy enhances export
performance require further investigation. Case
studies of exporting firms could provide insights
into how energy costs, reliability, and sustainabili-
ty credentials affect international competitiveness.

The focus on renewable energy consumption and
electricity generation captures only part of the en-
ergy-export nexus. Future studies should incorpo-
rate energy efficiency measures, grid stability in-
dicators, and energy price data to develop a more
comprehensive understanding of how energy sys-
tems influence export performance.

CONCLUSION

This study examined the bidirectional relationship between renewable energy consumption and export
performance in Uzbekistan using data for 1992-2023. The analysis addressed a significant gap in un-
derstanding how renewable energy adoption affects export competitiveness in transition economies,
providing empirical evidence to inform integrated energy and trade policies for sustainable economic
development.

The empirical analysis using vector autoregression methodology revealed several key findings with im-
plications for both theory and practice. First, a robust bidirectional causality was identified between
exports and GDP per capita (p < 0.001), indicating that these economic indicators mutually reinforce
each other in Uzbekistan’s development context. This finding underscores the interconnected nature of
trade policy and economic growth strategies. Second, renewable electricity generation demonstrated a
significant positive effect on export performance (coefficient = 0.056, p = 0.01), providing empirical evi-
dence that investment in renewable energy infrastructure enhances export competitiveness. Third, GDP
per capita was found to have a small but statistically significant negative effect on exports (coefficient
=-0.0002, p = 0.039), suggesting a complex relationship where rising domestic incomes may shift some
production toward domestic markets.

These findings have substantial practical implications for policymakers in Uzbekistan and similar tran-
sition economies. The positive impact of renewable electricity on exports provides an economic ra-
tionale for accelerating renewable energy infrastructure development beyond environmental consid-
erations. Policymakers should view renewable energy investments as trade competitiveness measures
that can improve export performance while advancing sustainability objectives. Additionally, the bidi-
rectional relationship between exports and GDP highlights the importance of coordinated trade and
development policies to maximize mutual reinforcement. The time lag structure identified in the model
indicates that policy interventions may take up to two years to fully materialize, suggesting that consis-
tent, long-term policy implementation is necessary.

This paper contributes to the academic literature. It extends existing knowledge on energy-export rela-
tionships to the context of post-Soviet transition economies, demonstrating that findings from devel-
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oped economies may not fully apply to this distinct institutional context. The identification of specific
causal relationships and their magnitudes provides empirical evidence for theoretical models linking
renewable energy adoption to trade performance. Furthermore, the methodological approach demon-
strates the value of time-series analysis in understanding the dynamic interrelationships between en-
ergy systems and economic indicators.

For future research, several promising directions are recommended. First, sector-specific analysis would
help identify which industries benefit most from renewable energy infrastructure, allowing for more tar-
geted policy interventions. Second, the inclusion of energy efficiency measures, grid stability indicators,
and energy price data would develop a more comprehensive understanding of how energy systems influ-
ence export performance. Third, comparative analysis with other Central Asian economies could help
identify regional patterns and country-specific factors that mediate the relationship between renewable en-
ergy adoption and export competitiveness. Finally, case studies of exporting firms could provide insights
into the specific mechanisms through which renewable energy enhances international competitiveness.

By continuing to explore these research avenues, scholars and policymakers can develop more effective
strategies for leveraging renewable energy investments to enhance both environmental sustainability
and economic competitiveness in transitioning economies like Uzbekistan.
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