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Abstract

Background: The paper aims at gaining insight into the implementation of the process of sustainable energy transi-
tion in the countries of Central Asia: Kazakhstan, Kyrgyz Republic, Tajikistan, Turkmenistan, and Uzbekistan. Information
and scientific studies on the situation in these countries is scarce. On the other hand, these are resource-rich coun-
tries, some are exporters, and all are energy transit countries. The main aim of the paper was realized by applying the
energy policies and regulatory framework analysis, defining priorities and monitoring selected indicators prescribed

by the International Energy Agency.

Methods: The following methods were used in the quantitative analysis: measurement of data intercorrelation; Pear-
son test of correlation; principal component analysis (with rotation method: Oblimin with Kaiser normalization); Kaiser—
Meyer—QOlkin measure of sampling adequacy, Bartlett’s test of sphericity and t-test. The period covered by the quantitative
analysis: 1990-2018, provided that the available data for 2019 or 2020 were used in certain cases.

Results: Sustainable energy transition is, at the analysis of policies and data, at a low level. There is no adequate
regulatory framework in these countries. The energy transition takes place exclusively within the framework of provid-
ing enough energy, without regard to sustainability, while even energy exporting countries are not making efforts to

achieve a sustainable energy transition.

Conclusions: There are no indications that the energy transition in the countries of Central Asia will take place
according to the standards of the European Union or global bodies. On the other hand, having in mind the natural
resources of the mentioned countries and the specific geopolitical position, monitoring the changes is of special
importance. The impact of changes on sustainability can be determined mainly ex post.
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Background

The transition of the energy sector is one of the priori-
ties of sustainable development. Inadequate exploitation,
production and use of energy products cause a significant
damage to the environment, and therefore global initia-
tives have been launched to create and implement mul-
tisectoral activities in the field of energy, both on the side
of energy production and on the side of consumption.
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Most countries have listed sustainable energy transition
as a priority in their national strategic documents, along
with the adoption of adequate regulations and the defi-
nition of financing methods, implementation monitoring
and the control of the achieved results.

The European Union is a key stakeholder and leader
of sustainable energy transition and introduction of low
carbon economy. It has been continuously implementing
these activities for decades and aims to be climate-neu-
tral by 2050—an economy with net-zero greenhouse gas
emissions by 2050 [1]. Apart from the European Union,
other developed countries are in the process of sustain-
able energy transition. On the other hand, a sustainable
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energy transition in developing countries is slow, while
many countries have limited data and non-transparent
strategic documents.

There is a clear need for a sustainable energy transi-
tion in all countries, given the global nature of the sus-
tainable concept and the issue of climate change. When
it comes to developing countries, it is necessary to con-
sider the political, technological, social, cultural, histori-
cal and many other aspects that may be relevant to the
energy transition [2]. Previous studies show that energy
transition is slow in these countries, primarily due to the
unclear impact of energy transition on the economy and
citizens’ social position. Therefore, their policy-makers
maintain a long-term balance between protectionism on
the one hand, and declarative support for energy transi-
tion on the other [3], which especially characterizes some
hydrocarbon-rich countries, with a historical tradition of
centralized management and a significant impact on geo-
political changes [4].

The paper aims at observing the country profile and the
status of sustainable energy transition in Central Asian
countries (Kazakhstan, Kyrgyz Republic, Tajikistan,
Turkmenistan and Uzbekistan), based on the analysis of
the available reports and indicators. All these countries
went through an economic crisis immediately after gain-
ing independence (1991), followed by a process of stabi-
lization and economic recovery. Since the first goal was
economic development, no special attention was paid
to energy efficiency and environmental issues, which is
characteristic of countries in the early stages of develop-
ment [5], but such a trend has persisted to this day. Even
three decades after the collapse of the USSR, the energy
sector in these countries has a centralized administration
and control, poor governance effectiveness and efficiency
[6] and high corruption [7]. Pollution levels are high due
to the old and unmaintained infrastructure (especially in
the electrical power sector), and given that all countries
were part of the former USSR, the energy sector is highly
technically interconnected and enclosed [8]. Energy sup-
ply and prices are seen as issues pertaining to social pol-
icy and not to energy economics. Governments are slow
in their actions regarding the energy transition because
they fear destabilization, loss of control and power due
to potential socio-economic turbulences [9]. Energy
transition is particularly hindered in countries rich in
energy resources [10]. Furthermore, there is a high risk of
resource curse because of many resource-rich countries
and underdeveloped regulatory framework [11].

Countries in the region have significant renewable
energy potentials, but they are underutilized due to
multiple political, financial, technical and social bar-
riers [12]. The transition to a market economy, which
is one of the preconditions for a successful energy
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transition, is taking place slowly and with varying
intensity in the countries of Central Asia. Kazakhstan
and Kyrgyzstan have taken a step towards market tran-
sition, Tajikistan is following them, while Turkmenistan
and Uzbekistan are clearly lagging behind [13].

Sustainable energy transition is a complex under-
taking, having its economic, financial, social, environ-
mental, technical, institutional, geopolitical and many
other aspects. It requires analysis of the situation, plan-
ning, scenario analysis, and the application of adequate
methods for monitoring the success of implementa-
tion [14]. The main goal of this paper is to analyse the
available data, which will provide insight into the cur-
rent status of sustainable energy transition in Central
Asia, highlighting the activities that can mostly con-
tribute to energy transition under given conditions.
Finally, the paper provides policy and methodological
recommendations.

Methods

The research sample consists of a total of 5 Central Asian
countries: Kazakhstan, Kyrgyzstan, Tajikistan, Turkmeni-
stan and Uzbekistan.

The policy review was conducted by reviewing avail-
able official documents and reports. The most compre-
hensive data were obtained by reviewing Eastern Europe,
Caucasus and Central Asia: Energy policies beyond IEA
countries, IEA, 2015 [15], and were supplemented by
observations from additional scientific literature and
reports.

Central Asian countries did not have a developed and
harmonized statistical database, so for decades official
data were almost inaccessible to the general public or
were inconsistent and therefore unreliable. Using the
INOGATE programme [16], as one of the oldest projects
of the European Commission, the European Union has
provided technical assistance to 11 countries (including
Central Asian countries) in several areas of energy devel-
opment, including set-up of energy statistics. The main
goal of introducing adequate energy statistics in the men-
tioned countries is to contribute to adequate planning
and monitoring of energy transition, which enabled the
conceptualization and implementation of research in this
paper.

Measurement of data intercorrelation; Pearson test of
correlation; principal component analysis (with rotation
method: Oblimin with Kaiser normalization); Kaiser—
Meyer—Olkin measure of sampling adequacy, Bartlett's
test of sphericity and t-test were used for data process-
ing. Quantitative analysis includes mostly series for the
period 1990-2018, but in some cases the data for 2019 or
2020 are also used.
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Data for a total of 10 indicators were processed, and
according to the IEA, the first three are indicators of the
success of the energy transition:

1. CO, emissions per unit of GDP (kg CO, per 2015
USD);

2. CO, intensity of power index (2000 =100); and

3. Renewable share in final energy consumption (%).

The remaining 7 indicators are:

1. Energy intensity per unit of GDP MJ/USD (2011
PPP);

2. Carbon intensity of industry energy consumption

(CO, / M));

Coal final consumption in industry (ktoe);

Electricity consumption per capita (MWh/capita);

Oil products final consumption—transport (ktoe);

Net energy imports (Mtoe); and

GDP per capita PPP (current international USD) is

here used as an indicator of the degree of socio-eco-

nomic development of a society, bearing in mind that

the countries of Central Asia are developing coun-

tries, which certainly affects policy priorities.

N oo W

The indicator GDP per capita PPP (current interna-
tional USD) was obtained by inspecting the database
of the World Bank [17], while other indicators were
obtained by inspecting the database of the International
Energy Agency [18].

By applying the selected explorative methods, the his-
torical trend, the correlation of the selected indicators,
as well as the assessment of the reliability of the applied
methods are determined (with the aim of gaining insight
into methodological correctness).

Results

Energy policy overview

All Central Asian countries were members of the USSR,
and after its disintegration they embarked on the path of
independence. During the 1990s, they were hit by crises
in all areas, followed by gradual consolidation when each
country chose its own path of development. To this end,
each country defined certain policies for the energy sec-
tor development, which is the subject of this part of the
analysis, where 2020 is the last year for which the sources
were considered. The main objectives of the policy review
are as follows:

1. Determining the (non)existence of national strategic
documents covering energy and climate change pol-
icy;
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2. Defining the situation regarding the liberalization of

energy market and energy prices;

A brief review of the investment climate; and

4. Reviewing the (non)existence of mutual cooperation
between Central Asian countries, as well as coopera-
tion with other countries.

w

Kazakhstan is a net exporter of energy products, pri-
marily natural gas and coal, with substantial proven
reserves. In addition to its abundance of fossil fuels,
Kazakhstan has about 20% of the world’s uranium
reserves, while its potential for solar energy production
is estimated at 3,500,000 TW. The main goals of sustain-
able energy transition in Kazakhstan relate to the power
sector, where electricity generation meets national needs,
and they imply improvements to existing thermal power
plants that are dominant [19], as well as the transition to
clean coal technologies. The creation of a free market and
a spot market is underway. Studies show that the imple-
mentation of a 100% renewable power system in Kazakh-
stan is technically possible and economically viable, but
that there are preconditions, above all, in the form of
political will and full openness to foreign investors [20,
21].

Unlike Kazakhstan, Kyrgyz Republic has no significant
energy reserves, and since the collapse of the USSR has
failed to achieve adequate economic progress. Therefore,
the poverty rate is still high (22.4%), making it difficult
to prioritize the energy transition [22]. Kyrgyz Republic
imports about 90% of its natural gas and oil [23]. Elec-
tricity is mostly generated from hydropower plants,
infrastructure is outdated and poorly maintained, with
occasional power cuts and outages, without a plan for
investments in near future [24]. Sustainable energy tran-
sition is seriously jeopardized by the Government’s deci-
sion (2010) to quadruple coal production, in order to
reduce the country’s dependency on electricity imports,
at the cost of high pollution and maintaining social peace.
Nevertheless, the country is trying to move towards a
sustainable energy transition. In March 2020, the gov-
ernment approved a Medium-Term Tariff Policy (MTTP)
for 2020-2022 to make electricity, heating and hot water
tariffs more cost-reflective while providing affordable
energy for the most vulnerable customers. Furthermore,
the privatization of the coal sector is planned. Gazprom
Kyrgyzstan, as part of Gazprom, has defined an invest-
ment plan for the natural gas sector by 2030.

Tajikistan faces major challenges when it comes to
energy sector stability, although it has considerable
energy reserves. Electricity is mainly generated by the use
of hydro-potential. The price of electricity is, for social
reasons, below the actual cost (tariff subsidies are among
the highest in the world), with supply issues in rural areas
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[25]. Energy infrastructure is outdated, with numerous
cases of long-term supply disruptions, especially during
winter [26]. Tajikistan has significantly reduced natu-
ral gas imports (after the cut of supply from Uzbekistan
in 2013), and increased the share of oil supply (about
78%). Sector of electricity, oil and gas is state owned.
The investment climate, which could attract potential
investors to the energy sector, is showing progress, but
remains unfavourable. Funding for research and develop-
ment in energy sector is negligible.

Turkmenistan ranks fourth in the world in terms of
offshore and onshore natural gas reserves, after Iran, the
Russian Federation and Qatar [27]. Oil and gas exports
account for 85% of total exports, which is why this Cen-
tral Asian country is most involved in the global energy
market. Turkmenistan is connected to the European
Union by a gas pipeline system about 4000 km long
(through the Russian Federation and Ukraine) [28]. Elec-
tricity is entirely generated from natural gas [29]. Turk-
menistan’s economy has been completely closed, but
there has been noticeable progress in attracting foreign
investments. The implementation of the TAPI pipe-
line project (Turkmenistan, Afghanistan, Pakistan and
India, launched in 2015) is one of the rare examples of
strategic cooperation of a Central Asian country with its
neighbours, which, besides improving security of supply,
certainly has a diplomatic dimension [30]. Abundance
of fossil fuels slows progress in the field of investment
in renewable energy sources, despite their significant
potentials [31]. Legislation drafting in the field of energy
efficiency and renewable energy is at an early stage (they
are low on the list of priorities in the National Strategy
on Climate Change adopted in 2012). Gas flaring is one
of the biggest environmental issues in Turkmenistan, but
official data are not available. Although energy price sub-
sidies have been reduced since 2013, they still burden the
introduction of market operations. The investment cli-
mate is improving, but is still limited by non-transparent
regulations.

Uzbekistan, like all countries in the Caspian region, has
significant reserves of oil and natural gas, and therefore
it is completely self-sufficient in this regard. However,
it faces significant problems when it comes to electric-
ity. Uzbekistan was supplied with electricity through the
unique Central Asia Power Grid, until 2009 when it was
disconnected from it, leaving severe consequences for the
further development of these countries that are still felt
today [32]. Since then, Uzbekistan has been importing
electricity only from the Kyrgyz Republic (in exchange
for water supply), which itself faces problems in supply
stability. The entire energy sector is centralized and state
owned. Similar to other countries in the region, tariffs are
subsidised by the government and are significantly below
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cost [33]. Foreign investments exist in Uzbekistan, but in
the form of joint ventures, and for now there is no data
on their profitability. Decree on Measures to Encourage
Alternative Sources of Energy was adopted in 2013, but no
significant progress has been made [34].

The re-establishment of the Central Asian Power Sys-
tem (financed by the Asian Development Bank with US$
35 million) connecting Uzbekistan, Kyrgyzstan, Tajikistan
and Kazakhstan stands out as the most significant invest-
ment for improving security of supply in this region. This
project will connect the electricity-exporting countries of
Kyrgyzstan and Tajikistan with Pakistan and Afghanistan,
and thus greatly improve the supply of consumers, espe-
cially in rural areas, covering large territories, that face
electricity shortages, especially in winter. The project is
expected to be operational by the end of 2023 [35].

There are no data available on significant investments
in renewable energy sources, in improving energy effi-
ciency or climate change mitigation.

In all Central Asian countries, energy is state owned,
with only traces of transition towards open market. There
are two possible reasons for this: (a) in case of open
energy market, there is a possibility of attracting foreign
rent seeking companies (politically, socially and econom-
ically not acceptable for policy-makers), and (b) liberali-
zation and increase of energy prices for domestic citizens
is socially not acceptable for policy-makers and citizens
of these countries.

Data processing

Defining, implementing and controlling the implementa-
tion of energy and climate policies (as well as any other)
are complex undertakings, where decision-makers should
have support in the form of data and the results of their
analysis, in order to define development policies and con-
duct timely monitoring.

The main objectives of data processing are as follows:

1. Defining correlations between selected data; and

2. Defining proposals for improving the monitoring of
sustainable energy transition, adapted to the coun-
tries of Central Asia.

Correlations between selected indicators

As the first step in determining the optimal model for
estimating the energy transition, the intercorrelation of
the selected indicators was checked. As Table 1 indicates,
the existence of many correlations between indicators
was found, in both directions (positive and negative). It
should be noted that model optimization does not attach
much significance to the values nor to the logic of their
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correlations, but to the determination of overlaps from
the methodological aspect.

To draw more precise conclusions about statistically
significant correlations and overlaps between the indica-
tors, all indicators were subjected to a correlation check
using the Pearson correlation coefficient, and the results
are shown in Table 2.

Table 2 shows high but negative correlations between
GDP per capita and two energy transition indicators:
Energy intensity per unit of GDP (— 0.978) and CO,
emissions per unit of GDP (— 0.933). High correlations
between the observed indicators indicate a methodologi-
cal problem because a high negative correlation means
that indicators of equal generality are not used, but total
GDP and derived indicators. Furthermore, there is an
indicative correlation between GDP per capita and two
indicators, which may be of realistic or methodological
nature, and which would require further examination, to
decide whether certain indicators should be used individ-
ually or in a group. In fact, GDP per capita is significantly
negatively correlated with coal consumption in industry
(— 0.419), which means that increased coal consumption
leads to a decrease in GDP per capita. Furthermore, GDP
per capita is also highly negatively correlated with the
CO, intensity of power index (— 0.420), which means that
the increased CO, emissions generated in the process of
electricity production and consumption have an impact
on GDP per capita reductions. Unexpected and illogical
correlations suggest that these indicators should not be
used in the group, nor in the eventual formation of an
aggregate index.

No significant relationship between coal consumption
in industry and carbon intensity of industry (— 0.133) is
observed. On the other hand, there is a significant posi-
tive correlation between coal consumption in industry
and CO, intensity of power index (0.520), which may be
due to coal consumption for electricity generation, but
not in the case of Turkmenistan and Tajikistan, which
receive 95% of electricity from natural gas, an ecologi-
cally very clean energy source.

Net energy imports and renewable share in final energy
consumption are highly negatively correlated (— 0.599),
which is certainly a questionable outcome of the analy-
sis. There is a high negative correlation between renew-
able share in final energy consumption and electricity
consumption per capita (— 0.670), which is another
indicator that should be kept in mind when optimizing
the monitoring model. There is no data on whether the
production of electricity from large hydropower plants is
considered renewable. Electricity consumption per capita
is also highly negatively correlated with the CO, intensity
of power index (— 0.558), which means that CO, emis-
sions decrease, although electricity consumption per
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capita increases. The input data on renewable share in
final energy consumption show that the use of renewable
energy sources is at a symbolic level in Kazakhstan, Turk-
menistan and Uzbekistan, and therefore high negative
correlations are also methodologically questionable and
must be borne in mind when optimizing the monitoring
model.

Optimization of monitoring models for the degree
of sustainable energy transition
Given the mentioned correlations, several illogicalities
are clearly noticeable, too high or too low correlations,
some high correlations between indicators that are not
logical have been revealed, and consequently there is no
clear theoretical framework nor confirmation that these
indicators are relevant. Therefore, an exploratory analy-
sis was performed in the next step. The ultimate goal of
exploratory factor analysis is the optimization of moni-
tored parameters and models as a whole, by selecting
latent factors that can be explained through a small num-
ber of specific indicators. Optimization of the monitor-
ing model was performed using factor analysis, for which
the principal component analysis method was used. This
method is based on the principle of parsimony and looks
for potentially simpler and more efficient models.

The basic preconditions for conducting principal com-
ponent analysis are as follows:

1. All variables used in the model are of interval level of
measurements (scale variables, Table 1).

2. The linearity of the parameters used in the analysis
was confirmed through Pearson’s correlation coeffi-
cient of variables (Table 2).

3. Checking the adequacy of the sample based on the
Kaiser—Meyer—Olkin test, shows that the minimum
value of 0.6 is met (Table 3).

4. Bartlett’s test of sphericity confirms that the data in
the correlation matrix differ from zero (Table 3).

The results of Kaiser—Meyer—Olkin measure of sam-
pling adequacy (indicating whether the data are gener-
ally acceptable for factor analysis), as well as the results
of Bartlett’s test of sphericity (determining whether there
is redundancy between selected indicators) are shown in
Table 3.

After the assumptions were confirmed, the data were
analysed by using the principal component analysis.
Table 4 shows communalities, i.e., how much of vari-
ance in each individual parameter can be explained by
the selected factors. Having reviewed these values, it is
evident that all parameters are well represented in the
selected factors and that there is no need to remove any
of the selected indicators from the sample.
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Table 3 Kaiser-Meyer-Olkin  measure of sampling adequacy
and Bartlett’s test of sphericity of sustainable energy transition
indicators in the research sample

Kaiser—-Meyer-Olkin measure of sampling adequacy 0.60
Bartlett's testof ~ Approx. Chi-square 385.872
sphericity df 45
Sig 0.000

Table 4 Communalities of sustainable energy transition
indicators in the research sample

Initial Extraction
GDP per capita 1.000 0.970
Energy intensity per unit of GDP 1.000 0993
CO, emissions per unit of GDP 1.000  0.992
Carbon intensity of industry 1.000 0676
Coal consumption in industry 1.000 0901
Electricity consumption per capita 1.000  0.966
CO, intensity of power index 1.000 0536
Oil products in final consumption 1.000 0479
Net energy imports 1.000 0674
Share of renewable energy in final energy con- 1.000 0898

sumption
Extraction method: principal component analysis

Table 5 shows eigenvalues, i.e., the variances of the
selected components. Initially, there are as many compo-
nents as there are indicators (10 in total), but based on
the percentage of explanation of variance, a decision is
made on how many should be kept in the final model of
estimating the degree of sustainable energy transition in
the sampled countries. Based on the rules of roots greater
than 1 (Eigenvalues above 1), it is decided that this model

Table 5 Eigenvalues
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can be explained with 3 components, where 81% of the
total variance of all indicators would be covered.

Confirmation of the decision on the three-factor solu-
tion can also be seen on the scree plot, where according
to the “elbow” rule, the largest drop exists after 3 sepa-
rated factors (Fig. 1).

Having decided on developing a 3-component model,
the factor rotation was selected by using Oblimin rota-
tion, which does not imply orthogonality of the selected
factors (since their correlation was determined). Table 6
shows the correlations between components—pattern
matrix.

Table 6 shows a significant level of overlap between
indicators. Although the simple structure is not com-
pletely achieved (parameters present in several compo-
nents), the obtained solution is quite satisfactory.

Discussion

The results of the research indicate some specificities of
Central Asian countries when it comes to sustainable
energy transition, and point to certain conclusions, impli-
cations and possible improvements, especially regarding
monitoring—which is the central subject of this paper.
Furthermore, directly related issues on climate change
mitigation, energy poverty and energy market liberaliza-
tion, which Central Asian countries are to encounter on
the path to sustainable energy transition, arise.

The results show that the first component is composed
of parameters based on GDP—GDP per capita, Energy
intensity per GDP and CO, emission per GDP unit. Given
the already mentioned issue of the use of several indica-
tors based on GDP, where these are measures of different
generalities (as is the case here), it is expected that GDP
impact is the first revealed component. However, the
biggest issue is electricity consumption per capita which
overlaps equally in the first and second components. It is

Component Initial eigenvalues Extraction sums of squared loadings
Total % of variance Cumulative % Total % of variance Cumulative %

1 4.047 40474 40474 4.047 40474 40474
2 2842 28425 68.898 2.842 28425 68.898
3 1.195 11.947 80.845 1.195 11.947 80.845
4 0.991 9912 90.757

5 0.666 6.661 97418

6 0.125 1.254 98.672

7 0.096 0.962 99.634

8 0.024 0.241 99.875

9 0011 0.109 99.984

10 0.002 0.016 100.000
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Table 6 Matrix of correlations (patterns) between components

Component
1 2 3
GDP per capita —0.981
Energy intensity per unit of GDP 0.980
CO, emissions per unit of GDP 0.886
Carbon intensity of industry —0.782 0.681
Coal consumption in industry — 0951
Electricity consumption per capita 0.875
CO, intensity of power index 0.758
Oil products in final consumption 0.537
Net energy imports 0.749
Share of renewable energy in final 0.681

energy consumption

Extraction method: principal component analysis
Rotation method: Oblimin with Kaiser normalization

concluded that this indicator is not well defined (or not
well calculated—problems in monitoring), and that on
one hand it partly belongs to the components explained
by GDP, and on the other hand, to other components that
more specifically refer to different energy sources used by
sampled countries.

Electricity consumption per capita mostly overlaps
with share of renewable energy in final energy consump-
tion, and on the other hand with the following indicators:
coal consumption in industry, net energy imports and CO,
intensity of power index. The smallest part of the variance
of the model used can be explained through carbon inten-
sity of industry and oil products in final consumption.

Based on the performed exploratory analysis, a pro-
posal was defined for model optimization for monitoring
sustainable energy transition in Central Asia, where basic
determinants are the following:

+ Monitoring GDP per capita for Central Asian coun-
tries is preferred, given the fact that these countries
are seeking to improve the socio-economic environ-
ment, but this indicator can only be used as an auxil-
iary indicator;

+ Indicators based on GDP (carbon intensity and
energy intensity) should be monitored, but these two
indicators should not be used together, and especially
not for creating a possible aggregate index, given a
high degree of overlap, which is methodologically
incorrect;

+ The reasons for the methodological problems
observed when using the electricity consumption per
capita indicator should be considered. This indica-
tor is important for the energy transition, because it
shows most of the overlap with the remaining indi-
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cators—which makes it methodologically unusable.
Given that security of electricity supply activities are
a priority in all Central Asian countries, the option is
to use this indicator independently, without combin-
ing it with others;

o The International Energy Agency does not currently
offer the possibility to use two important indica-
tors that would greatly help to describe the status of
energy transition in Central Asia: energy poverty, sta-
bility of energy infrastructure, power outages and the
share of household income allocated for the payment
of energy. These are priorities of energy future in
Central Asia, and they are not foreseen according to
the methodology of the International Energy Agency.

Improving the energy transition monitoring system
is certainly necessary, but is also particularly challeng-
ing for Central Asian countries. The research used the
IEA data, with a clear indication that there are no reli-
able systems of energy statistics in all of the countries
mentioned. The results of this research suggest that the
countries of the region should improve their own energy
statistics systems (in terms of data collection, quality and
transparency), educate and train their own data analysts
for data processing, modelling and forecasting, while
using modern analytical tools, and involve them in the
decision-making process. This is necessary due to a num-
ber of challenges that stand in the way of a sustainable
energy transition of this region.

First of all, the exploitation of energy resources and
energy consumption in Central Asian countries is a
particularly challenging issue when it comes to climate
change because energy and climate change are closely
linked. There are no reliable data on the emission of gases
that cause climate change. However, from the data ana-
lysed in this paper, it can be concluded that all countries
in this region recorded a significant stagnation (even a
decline) in economic development until 2000, followed
by gradual recovery that is most evident in the case of
Kazakhstan, and especially Turkmenistan. Bearing in
mind the fact that the Kyrgyz Republic, Uzbekistan and
Tajikistan are poor countries with low GDP indicators, it
is indirectly concluded that these countries are not and
cannot be emitters of gases that cause climate change, as
the economy, industry and transport in these countries
are at a relatively low level. Carbon-related data used in
this paper also support the aforementioned fact. Fur-
thermore, the countries of the region under review use
energy generated at hydropower plants, while households
in rural areas use natural energy sources. In the case of
Kazakhstan and Turkmenistan, natural gas, which is envi-
ronmentally friendly, is mainly used as an energy source.
Kazakhstan also uses nuclear energy, the exploitation
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of which does not contribute to climate change. Coal
exploitation is most significant in Kazakhstan, so this
country can be considered a country of interest for cli-
mate change actions.

Regardless of the specific profile of the countries
under review and their vision of energy transition, the
main climate change mitigation policies that should be
considered in the countries of Central Asia have to be
emphasized, and the most important are: changes in
energy consumption in households, changes in consumer
behaviour, removal of barriers to changes in poor house-
holds, removal of economic, institutional and social bar-
riers that slow down the adoption of adequate climate
change mitigation policies, as well as the development of
the financial support instruments.

Having regard to the available data and the results of
the analysis, the issue of energy poverty (as a character-
istic of poverty in general) is raised, especially in the Kyr-
gyz Republic, Uzbekistan and Tajikistan, although certain
layer of the population can be considered to be energy
poor in Turkmenistan and Kazakhstan, which are energy-
rich countries. The main problem faced by a certain part
of the population in all countries is access to energy. This
is due primarily to large expanses and many remote areas,
as well as to the interruption of supply from the central
power grid that occurred after the collapse of the USSR.
In order to solve this problem, significant infrastructure
projects are being implemented. The following are rec-
ommended as basic measures for energy poverty mitiga-
tion in general: control over pricing of energy products,
improvement of energy efficiency in households, the use
of available renewable sources and increase in household
income. On the other hand, the available strategic docu-
ments of Central Asian countries show that enabling the
supply to consumers in rural areas, stabilizing the net-
work and preventing supply interruptions are at the very
top of long-term development priorities, rather than the
abovementioned measures.

Decision-makers in Central Asian countries already
control the issue of energy poverty, primarily through a
complete control over the domestic market. Liberali-
zation of the energy market is defined in the regulatory
framework, but it has not been implemented in practice.
The energy market is monopolistic, energy prices are
highly subsidized by the state, and any announcement
of an increase in energy prices for domestic consumers
is met with resistance and deterrence by decision-mak-
ers. Policy-makers in Central Asian countries imple-
ment energy policy taking into account the historical
heritage, social policy, and above all the probable nega-
tive effects of energy market liberalization: the expected
significant increase in energy poverty (which brings on a
number of economic and social negative consequences),
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non-competitiveness of the economy, as well as the dan-
ger that may lurk in foreign rent seeking companies,
which weak institutions in some countries of this region
will probably not be able to control. The traditionally
closed nature of Central Asian countries, state policy and
low level of readiness for foreign investments are particu-
lar issues in this region. There are indications of opening,
but foreign capital investments in energy-related projects
are relatively small (especially when potentials are taken
into account). Due to all the aforementioned issues, the
current state of the centralized energy market can be
considered an adequate framework for sustainable energy
transition in Central Asian countries.

Conclusions

The performed quantitative analysis reveals that the suc-
cess of sustainable energy transition, according to the
methodology of the International Energy Agency, can
be most effectively measured by GDP-based indica-
tors, although there is certainly a large overlap between
them, and as such should not be used together. The sec-
ond separate group of components consists of indica-
tors that describe the type and method of energy use in
the economy. However, the research results indicate the
problem of applying the electricity consumption per cap-
ita indicator due to the high level of overlap in the first
two components. The reason may lie in this indicator not
being well enough defined (or not well calculated—prob-
lems in monitoring), and partly belonging to the compo-
nents explained by GDP, and on the other hand partly to
another component that more specifically refers to differ-
ent energy sources used by the sampled countries. This
is largely in favour of the state policy of Central Asian
countries, which regard the issue of electricity supply as
a matter of social policy and the fight against energy pov-
erty, rather than a matter of energy transition.

At the beginning of the research period (1990), all Cen-
tral Asian countries recorded unfavourable values of all
indicators. Uzbekistan has the lowest value of GDP per
capita (2493.49 USD per capita), while Tajikistan has the
lowest growth during the entire period (2641.59 USD per
capita in 1990, compared to 3858.42 USD per capita in
2020). Energy intensity per unit of GDP in 1990 was the
highest in Uzbekistan (30.6 MJ/USD), the lowest in Tur-
key (3.5 MJ/USD), while at the end (2017) the values in all
Central Asian countries fell (Uzbekistan recorded 7.2 MJ/
USD). CO, emissions per unit of GDP show consistently
low values throughout the period in Turkey and Ger-
many (values below 0), while the decline was recorded
by Central Asian countries, where the Kyrgyz Republic
recorded the largest decline (4.3 kg CO, per USD in 1990,
i.e.,, 1.4 kg CO, per USD in 2018).
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The analysis showed high correlations between a large
number of indicators (energy intensity per unit of GDP
and CO, emissions per unit of GDP, as well as between
coal consumption in industry and CO, emissions per unit
of GDP), with some being illogical and therefore method-
ologically questionable.
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