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Abstract. This article will analyze the cause-and-effect relationship between renewable energy consumption and economic
growth in Uzbekistan. Annual data used was from 1990 to 2022. To test the causal relationship between variables in a
vector autoregressive (VAR) model, the Toda-Yamamoto causal test structure is used. The results show that there is a
one-way causal relationship from EG to EEC. The results could serve as a resource for the government of Uzbekistan
and other fossil fuel-derived countries to inform their communication on renewable energy policies.

Keywords: Economic Growth, Renewable Energy, Toda-Yamamoto Causality Test.

Annotatsiya. Ushbu maqgolada O‘zbekistonda gayta tiklanuvchi energiya iste’moli va igtisodiy o'sish o‘rtasidagi sabab-
natija bog'ligligi tahlil etiladi. Tadgigotda 1990-2022-yillar uchun yillik ma’lumotlar go‘llanilgan. O‘zgaruvchilar o‘rtasidagi
sabab-natija alogalarini vektor autoregressiv (VAR) model doirasida tekshirish uchun Toda—Yamamoto sababiylik testi
go'llanildi. Natijalar igtisodiy o‘sishdan (EG) gayta tiklanuvchi energiya iste’moliga (EEC) bir yo‘nalishli sababiy ta’sir
mavjudligini ko‘rsatadi. Ushbu natijalar O‘zbekiston hukumati hamda gazilma yoqilg‘iga tayanadigan boshga mamlakatlar
uchun gayta tiklanuvchi energiya siyosatini shakllantirishda foydali manba bo‘lishi mumkin.

Kalit so'zlar: igtisodiy o‘sish, gayta tiklanuvchi energiya, Toda—Yamamoto sabab testi.

AHHOTaUus. B gaHHOW cTaTbe aHanu3upyeTcst NPUYNHHO-CIIeACTBEHHAs CBA3b Mexay notpebneHnem Bo3o6HOBNSEMON
3HEpPrMn M 3KOHOMMYECKMM POCTOM B Y306ekucTaHe. Vicnonb3oBaHbl rogoBble AaHHble 3a nepuog 1990-2022 rr. Onsa
NPOBEPKN MPUYNHHO-CNEACTBEHHbIX OTHOLUEHUA MEXAY MepeMeHHbIMW B pamkax BekTopHol asToperpeccun (VAR)
NPUMEHSIETCS TECT Kay3arnbHocTu Toga—Amamoto. [MonyveHHble pesynbraTbl MoKasbiBaT Hanuyne OgHOCTOPOHHEN
NMPUYMHHON CBA3M OT 3KOHOMM4YecKoro pocta (EG) k notpebneHuto BodobHoBnsiemon aHeprum (EEC). 3Tu BbiBOALI MOryT
CNY>XUTb UCTOYHMKOM WHcpopMauum Ang npaBuTenbCTBa Y36ekuctaHa u OpyrMx CTpaH, 3aBUCALLMX OT MCKOMaemoro
TONNNBA, Npu pas3paboTke cTpaTerni KOMMyHMKaLMM B cpepe NonmTUKM BO30OHOBNSIEMON SHEPFETUKM.

Krntouesble crioBa: 3KOHOMUYECKUIA POCT, BO30BHOBISIEMasi 3Heprus, TECT kKay3anbHocTu Toga—AmMamoTo.

INTRODUCTION

Energy is a decisive factor in determining economic development (EG). Energy is a key resource for
producers. An increase in the price of this resource immediately increases the cost of this product. Energy
consumption is an important component of the family budget. At the same time, there is a decrease in energy
consumption and any interruptions in the supply of non-renewable energy, which is vulnerable to fluctuations
in employment and households. The demand is raising serious concerns about energy costs. The use of
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non-renewable energy sources is simultaneously associated with environmental problems, including climate
change, rapidly escalating environmental emissions of gases such as CO, and methane, and global warming
(Futureci, 2017). [1]

Due to its central geographic position and rich culture, especially its significance to the Silk Road,
Uzbekistan played a crucial role in the economy of the Soviet Union from the time it was a part of that country. It
was Uzbekistan that was in charge of managing the whole energy grid in Central Asia. Following the dissolution
of the Soviet Union in 1991, Uzbekistan adopted a foreign policy that was characterized by isolationism and
remained closed for a considerable amount of time. For the first time since President Shavkat Mirziyoyev took
office in 2016, the nation has started the process of reform. While Uzbekistan has been successful in opening
up the economy, stabilizing the currency, and bringing inflation down, the country has also been able to attract
an increasing amount of international investment.

The current state of Uzbekistan’s energy infrastructure, including its generation assets and transmission
systems, presents significant opportunities for modernization and efficiency enhancement. As many facilities
have been in operation for more than three decades, the ongoing reforms create a favorable environment for
increasing investment in maintenance and technological upgrades. The continuous repair works and planned
reconstruction programs indicate a gradual transition toward a more resilient and efficient power system.

Conventional power plants, which are currently operating below optimal efficiency, hold strong potential to
benefit from advanced technologies, digital monitoring, and automation. As modernization progresses, these
facilities are expected to improve operational reliability and contribute more effectively to the national energy
balance.

Integrating renewable energy into the central power system requires sophisticated dispatching capabilities,
including regular adjustments and remote-control mechanisms that enable economic dispatch. Uzbekistan’s
current reform agenda provides a foundation for developing such tools, allowing the system to better utilize
low-cost and variable renewable resources. International experience, such as California’s five-minute
digital dispatching model, offers a useful benchmark that Uzbekistan may gradually approach as its digital
infrastructure expands.

The increasing share of renewable energy, which naturally requires close real-time monitoring due to
fluctuating output, highlights the importance of advanced grid management technologies. As Uzbekistan
invests in automation, smart grid systems, and flexible generation, the country is expected to strengthen its
ability to maintain a stable and continuous electricity supply under growing renewable integration.

Figure 1 and Figure 2 give the general concept of renewable energy use and economic status in Uzbekistan
(Figure 1):

2.00

1990 1992 1954 15986 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Figure 1. Renewable energy use proportion in Uzbekistan?

Compared to Uzbekistan, which currently operates with five dispatchers, the country is expected to
progressively strengthen its system management capacity in line with international best practices. California’s
model of using fifteen dispatchers and implementing operational adjustments every five minutes demonstrates
an advanced benchmark that Uzbekistan aims to approach as digital infrastructure and dispatching technologies
continue to modernize.

In Uzbekistan, energy production adjustments are presently conducted on an hourly basis; however, the
ongoing reforms and the gradual introduction of automated control systems create opportunities for transitioning
toward shorter operational intervals that better support renewable energy integration. As noted by Oleg Ryaskov

1 Source: from World Bank resources
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from USAID’s Central Asia Regional Electricity Market program, effective variability management is essential
for ensuring system stability, and Uzbekistan’s current modernization trajectory is expected to enhance this
capability.

Operational commands at power plant sites are still delivered via telephone and implemented manually,
yet the sector’s transformation agenda includes the expansion of digital communication channels, remote-
control solutions, and automated dispatching tools. Over time, this will enable operators to optimize responses,
reduce reaction times, and improve system efficiency.

Furthermore, the existing approach where power plants are utilized according to equal distribution or
predetermined schedules provides a stable operational baseline. With the development of advanced economic
dispatch mechanisms and real-time monitoring technologies, Uzbekistan is well positioned to gradually shift
toward cost-efficient generation planning that better aligns production with dynamic market and system
conditions.

The Ministry of Energy, which was founded in February 2019, is permitted to play a major role in the
execution of renewable energy policy in Uzbekistan. It is also responsible for the overall duty of developing
and executing energy policies, plans, and programs. In addition to this, it is accountable for the regulation
and supervision of the production, transmission, distribution, and consumption of energy resources, including
electricity, as well as the operation of energy sectors, and it is also responsible for the execution of production-
sharing agreements. Furthermore, the ministry is actively involved in the process of establishing public-
private partnerships (PPPs) that are associated with energy and also contributes to the enhancement of tariff
policy via collaboration with the inter-ministerial tariff council. This is done with the intention of facilitating the
establishment of a business climate that is competitive.

The country of Uzbekistan is one of the major producers of natural gas in the world. In 2019, the quantity
of energy that it produced was comparable to 54.5 million tonnes of oil as measured in Mtoe dollars. In 2008,
the amount of energy that was produced hit an all-time high of 56.7 Mtoe. By the year 2015, this quantity had
reduced by twenty percent, mostly as a result of the worldwide economic crisis and a reduction in natural gas
reserves. As a result of the growth of gas projects in Uzbekistan, it was able to recover by 22% by the year
2019, compared to the level it had reached in 2015. In Uzbekistan, natural gas is the most important source of
energy, accounting for 90.5% of total energy production (49.3 Mtoe in 2019). Other sources of energy include
oil (5.8% in the same year), coal (2.6%), hydro (1.0%), and a minor quantity of biofuels. Natural gas is the
dominating energy source in Uzbekistan.

The nation of Uzbekistan functions as a net exporter. When considering its energy supply, the total amount
of energy that was available in 2019 was 47.1 Moe. The total energy supply saw a decline of 22% between
2011 and 2015 as a result of a downturn that occurred during the global financial crisis. However, it has had
a growth of 30% during the last five years, mostly as a result of an increase in demand from the residential
sector. In 2019, natural gas was responsible for 85.8% of the entire energy supply. The remaining energy came
mostly from oil (8.2% in the same year), coal (4.4%), and hydro (1.2%).

According to assessments by the IEA (2009), Uzbekistan’s current energy supply structure presents
substantial potential for improvement across economic, ecological, and social dimensions. Ongoing
modernization processes and the country’s increasing attention to sustainable development provide a solid
foundation for strengthening long-term stability in the energy sector.

The growing global importance of energy security highlighted by Mukhtarova et al. (2021) and Karacan
et al. (2021) indicates that efficient management and wider use of renewable energy resources will play a
central role in enhancing Uzbekistan’s resilience and sustainability. As the country expands its technological
capabilities and regulatory frameworks, the transition toward advanced renewable energy integration is
expected to accelerate.

Renewable energy—including solar, wind, geothermal, tidal, wave, waste-to-energy, and biomass—offers
a wide portfolio of clean and reliable alternatives. Its key advantages, such as safety, purity, and long-term
availability, position these sources as strategic elements of Uzbekistan’s future energy planning.

Given the steady increase in domestic energy demand, the progressive introduction of renewable
technologies, supported by global trends noted by Apergis and Danuletiu (2014), suggests that the share of
renewable energy in Uzbekistan’s energy mix will continue to expand. This trajectory will contribute to a more
diversified, efficient, and environmentally balanced national energy system (Figure 2) [4].
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Figure 2. GDP rates in Uzbekistan?

REVIEW OF LITERATURE ON THE SUBJECT

Several researchers have conducted several studies to investigate the correlation between EG and REC
within the field of research. The empirical studies that investigate the causal relationship between EEC and
EG provide evidence for the existence of a bilateral or unidirectional causal relationship, or the absence of a
causal relationship between the two variables. In the context of Turkey, Okal and Aslan (2013) conducted an
investigation on the correlation between economic growth (G) and renewable energy consumption (REC).
The researchers used data spanning from 1990 to 2010 and came to the conclusion that there exists a causal
relationship that is unidirectional, emanating from EG to ECD.

It was discovered by Sadorsky (2009) that there is a one-way causality existing between EG and REC.
As of 2012, Porlogea and Cicea conducted research in 18 developing countries.[7] In the country of Romania,
and Salim et al. (2014) in the countries of OCD.[8]: A number of studies, including Apergis and Danuletiou
(2014),[9] Brini et al. (2017), [10] Fotourecci (2017), [11] Magazinino (2017), [12] Ito (2017), [13] Hobay and Le
Roux (2018), [14] and Kahn and Korkmaz (2019), [15] found evidence of a one-way causal relationship from
EEC to EG. Moreover, Al-Mulali et al. (2013) demonstrated comparable results using a multivariate panel data
model in a study of the Latin American economy. In addition, Shahbaz and his colleagues conducted research
with the objective of examining the correlation between Gross Domestic Product (GDP), Relative Value of
Capital (RVC), Capital, and Labor in the context of Pakistan. A substantial body of empirical evidence has
provided confirmation of the existence of a bilateral causal relationship between GDP and REC [16]

Additionally, Payne (2009) conducted an investigation on the causal relationship that exists between EG
and REC in the United States. [17] The individual came to the conclusion that there was no correlation between
REC and EG. Menegaki (2011) carried out a research that included a total of 27 economies from the continent
of South America, [18]. A study conducted by Smich and Papes (2014) focused on the 17 member states that
make up the European Union. [19] [19] Algeria was the subject of research conducted by BelaOd and Youssef
(2017) [20], and Ozcan and Ozturk (2019) discovered that there is no causal relationship between renewable
energy consumption (REC) and economic growth (EG).[21]

In the existing body of literature, there are a limited number of studies that investigate the relationship
between renewable energy consumption (ROC) and economic development (EG) in Uzbekistan. The main
objective of this paper is to address the knowledge gap by using the Toda-Yamamota causality test to analyze
the causal relationship between energy consumption (REC) and economic growth (EG) in Uzbekistan. Due
to Uzbekistan’s dual role as a representative of former Soviet countries and in the process of developing fuel
exporting countries, as well as its enormous potential for renewable energy resources, we made the decision to
investigate the relationships that exist inside the country. Presented below is the contribution that the research
has made:

(a) The study examined the relationship between energy use and economic growth (EG) in Uzbekistan,
which has not been previously studied enough.

(b) The study used the Toda-Yamamoto test of causality, which, to our knowledge, has not been used in
the analysis of the case in Uzbekistan.

2 Source: from World Bank resources
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RESEARCH METHODOLOGY

Using Toda and Yamamota’s (1995) causality test, we conduct an investigation of the causal relationship
that exists between REC and EG in this particular work. The test conducted by Toda and Yamamoto in 1995
does not need an understanding of the concept of system integration and co-integration features. It is possible
to use it even in the absence of integration or stability, and when the rank requirements are not satisfied,
provided that the process integration order does not exceed the real order delay length. A quote from Toda and
Yamamoto (1995, page 225).[22]

In order to determine the significance of parameters in a vector autoregressive (VAR) (k) model, the
technique that is used involves the utilization of modified Wald statistics. Initially, it is necessary for you to
establish the most optimal order of integration for the series, which is denoted as d__ . Furthermore, it is
essential to determine the optimal delay for the Var model within the given timeframe. It is necessary to
have an estimation of the (k+d__ )th order VAR available. In order to determine the asymptotically distributed
Wald square statistic, the value of the VAR (k+d__ ) is required to be calculated. In the end, the hypothesis is
evaluated by using the conventional Wald statistical test, which is a statistical test that follows an asymptotically
significant chi-square distribution with m degrees of freedom. The functional characteristics may be expressed
in the following manner, in accordance with the causality test that was carried out by Toda and Yamamota
(1995):

Amax I
LY, = aoXis, ay LY, ¢ + X5 LY, + X by LE

=k+1
Amax
+Z{:k+ 1 ¢2j LEt—j + Vit (1)

K dm,a!{ [
LE; = Bo + 2is BulE s + 2,570 B LE; + X0, 64 LY
dm,a!{

i=w+1

LY and L are representatives of the logarithms of the values of EG and REC, respectively. The variable k
represents the actual lag order, whereas the variable d represents the maximum order when it comes to the
integration of the series. Each of the error conditions is denoted by the letters v, and v,,.

We are in the process of creating an annual data set that covers the period from 1990 to 2020, including
both economic growth (IG) and renewable energy consumption (REC). In Uzbekistan, the term “REC” refers to
the sharing of renewable energy sources, whereas “IG” refers to the gross domestic product per capita. Python
libraries were used in order to get all of the results. The World Bank was the source of both sets of data that
were obtained. The variable that was used underwent a transformation into a logarithmic format.

Analysis and results

It is of utmost importance to determine the order of integration of the series (d__ ) and the appropriate lag
length (k+d__ ) in order to carry out the causality test. This is done in order to prevent the occurrence of false
causation or the absence of causation. For the purpose of determining the magnitude of the variables, we used
the Augmented Dickey-Fuller (ADF) root test, which was first proposed by Dickey and Fuller in the year 1981.

It is important to take note that the variables are not considered to be statistical at their initial values, but
they become statistical when the first difference is made. As a result, the variables are included into the initial
order, which is given as A (1). The results of the root tests conducted on the ADF block are shown in Table 1.
Because of this, the variables in the system are able to reach the highest possible level of integration, which is
denoted by the symbol d__ =1 (Table 1).

Table 1. Augmented Dickey-Fuller test result

REC EG
Level -1.997 -1.0171
(0.194) (0.4924)
First difference -5.132 -3.078
(0.000) (0.0473)

Note: «p-values» are in parenthesis
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In the process of conducting causal test analyses, the subsequent step involves examining the actual
lag length (p) that is specified by the LR, AAC, FPE, SC, and HQ criteria. For the purpose of the research, a
VAR model was computed, which included all variables that have an effect on each other. The selection of
the lag interval, which ascertains the quantity of previous observations included in the model, was made in a
spontaneous manner.

In order to determine the optimal lag interval, a particular test was carried out on the residuals of the
model. Table 2 displays the panels that indicate that the ideal delay length, which is determined by all criteria,
is equal to two (k=2) out of a maximum of three possible delay lengths possible. The VAR exhibits a number of
undesirable characteristics, which are shown in Table 2, panels Ato D. These characteristics include stability, a
lack of serial correlation, and a lack of heat shock, residuals, and normal distribution (Table 2).

Table 2. The VAR residual diagnostics

Panel A: Serial correlation Panel B: stability test?

LM test®
Lags LM-Statistic P-value Modulus Root
1 2.9741 0.4659 0.4571 0.4911
2 4.7239 0.7434 0.5174 0.223-0.392i
3 8.9412 0.5175 0.3653 0.223+0.392i
Panel C: Normality test® Panel D: Heteroscedasticity test°
Statistic XE d.f p-value White XE d.f. p-value
Jarque-Bera | 13.44 8 0.151 Statistic 41.33 23 0.294
Panel E: Lag interval tests
Lag LogL Information criteria
LR FPE AIC SC HQ
0 11.477 NA 0.0017 -0.3345 -0.0632 -0.2566
1 40.613 48.54 0.0001 -2.9917 -2.6612 -2.6741
2 2.968 11.88* 0.0001* -3.399* -2.878* -2.997*
3 5.137 2.961 0.0001 -3.407 -2.555 -3.4032

In conclusion, the causality test developed by Toda and Yamamoto was used to examine the causative
relationship that exists between REC and EG. According to Table 3, the results of the causality test conducted
by Toda and Yamamoto are shown (Table 3).

Table 3. Toda-Yamamoto test rersults

Null hypothesis Lag(k) K+d f:el:t-square Conclusion
EG does not 2 3 6.117943 Reiect
Granger cause REC (0.0349)* )

REC does not 4.771974 .
Granger cause EG e € (0.0643)* NOREEES

*Significance at the 5% level

Taking into consideration the causality test conducted by Toda and Yamamota, it is not possible to reject
the null hypothesis that “REC does not Granger cause EG.” On the other hand, the null hypothesis that “R\C
does not cause EG” is rejected by Granger at the 5% significance level. During the course of research, it has
been discovered that there exists a unique correlation between the use of renewable energy sources and
environmental degradation.

With this result, it can be concluded that the implementation of EG, which is primarily associated with
environmental management, has the potential to contribute to the development of REC, which is mostly
associated with renewable energy capacity, in the country of Uzbekistan. In accordance with the findings of
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Sadorsky for 18 developing countries, Ocal and Aslan for Turkey, and Cicea for Romania, and SalEm et al. for
OECD countries, the findings of this research are consistent with others.

CONCLUSIONS AND SUGGESTIONS

The pursuit of economic expansion has been the primary purpose of countries for a very long time. This
ambition has been the driving force behind improvements in technology, infrastructure, and industry on a
nationwide scale. Simultaneously, this persistent push towards industrialization and economic development has
brought out severe environmental consequences. The widespread reliance on fossil fuels, which is a defining
characteristic of this growth, has resulted in unfavorable outcomes such as climate change and environmental
degradation. The urgent need to transition to renewable energy sources has emerged as a cornerstone for
achieving sustainable economic development in the midst of these escalating obstacles. This acknowledgment
is expanding as the number of issues continues to climb.

In order to be successful, it is essential that this initiative need a comprehensive investigation of the
challenges and roadblocks that are preventing the broad adoption of renewable energy. In order to make
informed decisions, policymakers and other stakeholders need to have a better understanding of the actual
difficulties, technology limitations, and infrastructure requirements that are connected with this transformation.
The purpose of this study is to give policymakers and industry leaders with complete assistance in their efforts
to formulate successful policies and strategies. This is accomplished by diving into the complex relationship
that exists between renewable energy, economic growth, and environmental sustainability. However, earlier
research efforts have often failed to meet expectations in a number of important areas.

This study examined the causal relationship between renewable energy use and economic growth (EG)
in Uzbekistan using annual data from 1990 to 2022. We identified a one-way causal relationship between
economic growth and renewable energy consumption using an adapted version of the Granger causality test
published by Toda and Yamamoto. Unidirectional causation suggests that Uzbekistan has the opportunity to use
its growing profits to expand its renewable energy sources. Based on the findings, we recommend the adoption
of regulations that promote the growth of renewable energy sources in overall consumption. The results of this
study will provide scientists and policymakers with an understanding of the importance of renewable energy in
Uzbekistan and other developing countries with rich gas resources to achieve sustainable development goals.
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materiallar gaytariimaydi.

“Muhandislik va igtisodiyot” jurnali 26.06.2023-yildan
O'zbekiston Respublikasi Prezidenti Adminstratsiyasi huzuridagi
Axborot va ommaviy kommunikatsiyalar agentligi tomonidan
NeS-5669245 reyestr ragami tartibi bo‘yicha ro‘yxatdan o‘tkazilgan.
Litsenziya ragami: N2095310.

Manzilimiz: Toshkent shahri Yunusobod
tumani 15-mavze 19-uy
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