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emissions. In the present study, shares of different energy sources in
total energy supply and GDP were utilized as inputs to propose a model
for estimating CO2 emissions in three Central Asian states, namely
Kazakhstan, Uzbekistan, and Turkmenistan. Inaddition to the modelling
outputs, the article likewise describes important characteristics of
energy systems in target countries. Based on the comparison of CO2
emissions per GDP unit, the study allowed identifying that this index
in the target countries exceeds the global average, which necessitates
urgent actions to reduce emissions. The input data for the research
were obtained from the International Energy Agency (IEA) and World
Bank. The study applied the Group Method of Data Handling (GMDH)
and the Multilayer Perceptron (MLP) method. Both models showed
significant performance in emissions estimation; however, according
to the calculated values for the applied criteria, it was concluded
that the GMDH led to better exactness compared to the MLP. The
mean absolute relative deviations of the GMDH and MLP modes
were approximately 3.69% and 4.28%, respectively. The R? value of
the mentioned models were 0.9936 and 0.9929, respectively. In the
majority of the cases for both models, relative deviations between the
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1. Introduction

There is a growing trend in the emission of greenhouse gases, mainly CO2, due
to various factors such as population growth, industrialization, increment in use of
fossil fuels etc. Energy plays a critical role in the emission of greenhouse gases and
must be considered for making policies for the mitigation of these gases. According
to the report of the International Energy Agency (IEA) (CO2 Emissions in 2023, A
New Record High, but Is There Light at the End of the Tunnel, 2024), energy-related
CO2 emissions in the world increased by 1.1% in 2023. Over ten years ending with
2023, emissions of CO2 in the world have elevated by slightly higher than 0.5% per
year. Several approaches and pathways have been proposed for the reduction of
energy-related CO2 emission, including the deployment of renewable energies for
power generation, transport, and heat production (Renewables, n.d.), development
of cleaner energy technologies such as heat pumps for buildings heating and cooling
(Heat Pumps, n.d.) and Electric Vehicles (EVs) for transport sector (Electric Vehicles,
2023), development of carbon capture systems (Carbon Capture, Utilisation and
Storage, n.d.) etc. The development of models for the prediction of CO2 emission
and identification of the critical factors affecting the amount of greenhouse gas
emissions help make proper policies towards the reduction of their emission. These
policies must be based on complex dynamics between energy consumption, economic
growth, and population dynamics. In a study (Turmunkh, 2021), the development of
a sustainable energy strategy in Central Asia countries was presented. The author
provides statistical analysis and recommendations for policymakers aiming to balance
economic development with environmental sustainability in the region. Similar
research on panel data econometrics, considering the time-series and cross-sectional
dimensions is performed in (Yuldoshboy et al., 2022), the conclusion is made that
economic activities also contribute to higher CO2 emissions, reflecting the region’'s
reliance on fossil fuels. The authors recommend investments in energy efficiency and
renewable energy sources can be crucial to mitigate CO2 emissions.

Central Asia's economy is deeply intertwined with fossil fuel production and
consumption. The region is rich in fossil fuel resources, which plays a critical role
in its economic development. Countries like Kazakhstan and Uzbekistan are major
exporters of oil and natural gas, and their economies are significantly influenced by
fluctuations in global energy markets. Studies have shown that the energy sector
in Central Asia is heavily reliant on fossil fuels (Kuziboev et al., 2024; Radovanovic
et al., 2021), contributing to high levels of CO2 emissions. In another study (Xiu,
2022), a significant positive correlation between CO2 emissions and economic growth
in Central Asian countries was reported. The elasticity of CO2 emissions concerning
GDP is estimated at 0.82, indicating that a 1% increase in GDP is associated with a
0.82% increase in CO2 emissions.
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Projections of CO2 emissions in Central Asia indicate a continuing rise in
emissions if current fossil fuel dependency persists. According to (Zhakiyev et al.,
2023), the carbon dioxide emission is projected to 30% increase if no energy policy is
utilized, therefore policy reforms and the adoption of renewable energy sources are
critical to mitigating future emissions. Some positive forecasts are provided (Filipovi¢
et al., 2024), by estimating a 30% CO2 reduction in three decades in Central Asia
countries considering carbon pricing policy.

According to the literature review on CO2 estimation in the Central Asia area, it
can be stated that utilizing a panel data approach for CO2 emission estimation comes
with its own set of challenges. This approach can sometimes limit the complexity
of the model, as it may struggle to fully capture the nuanced impacts of various
socio-economic and technological factors over time and across different regions. The
panel approach, while helpful for identifying overarching trends and relationships,
might not adequately account for the specific local contexts or temporal dynamics
that influence emissions. This can lead to potential biases or oversimplifications in
the estimation process. Among different techniques and approaches applicable to
the modelling of engineering and environmental problems, intelligent methods have
some advantages such as the ability to model with relatively high accuracy, lower
computation cost compared with the numerical simulation and fast performance.
Al and other advanced technologies can play a crucial role in accurately estimating
emissions and guiding effective policy decisions. The continued focus on regional
cooperation and policy innovation will be essential in addressing the environmental
challenges posed by fossil fuel dependency in Central Asia.

Intelligent methods such as Artificial Neural Network (ANN) are applicable
in different energy-related fields of science. In greenhouse emissions estimation,
ANN and deep learning neural networks are compared (Altikat, 2021). The study
demonstrates that deep learning models are more effective than traditional neural
networks in predicting CO2 emissions. However, the techniques have been applied
for a variety of systems in ANN-based approaches, such as performance prediction
of renewable energy systems (Alhuyi Nazari et al., 2023), forecast of weather data
affecting the outputs of energy systems such as wind turbines (Filik & Filik, 2017),
energy consumption in different sectors (Luo et al., 2020) and estimation of energy
price (Pindoriya et al., 2008). Good evidence is provided in (M. K. & V., 2020) with
a multilayered ANN model that includes multiple hidden layers between input and
output layers used to capture complex patterns in the data related to CO2 emissions.
The ANN model in (Rezaei et al., 2018a)demonstrated a high level of accuracy in
predicting CO2 emissions, showing a strong correlation between energy use and
emissions. The study found that increases in energy consumption, particularly from
non-renewable sources, lead to higher CO2 emissions. Conversely, economic growth
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driven by renewable energy sources was associated with lower emissions levels. In
2018, Rezaei et al. (Rezaei et al., 2018b) employed the Group Method of Data Handling
(GMDH) to forecast the emission of CO2 in four Nordic countries. Their model showed
significant accuracy with an R? of 0.998. In 2019, Ahmadi et al. (Ahmadi, Jashnani, et
al., 2019) developed a model by using shares of different energy sources utilized as
primary energy supply in addition to Gross Domestic Product (GDP) as the inputs and
GMDH as the intelligent technique for CO2 emission estimation in five Middle Eastern
countries. The Average Absolute Relative Deviation (AARD) of the predictive model
proposed in their study was 2.3%. In 2020, Ghalandari et al. (Ghalandari et al., 2020)
used data-driven techniques for CO2 emission forecasting in four European countries.
The use of various energy resources in addition to the GDP were inputs for the ANN-
based models. Their models could estimate the CO2 emission of the countries with
an R? of 0.9999. Birjandi et al. (Komeili Birjandi et al., 2022a) used the Multilayer
Perceptron (MLP) method with two different transfer functions namely radial basis
and tansig for the estimation of CO2 emission in countries in Southeast Asia. They
reported that the use of the radial basis function in optimal structure leads to higher
accuracy compared with the optimal model with the tansig function.

According to the literature review, it is concluded that intelligent methods,
particularly ANN-based ones, are efficient and accurate tools for the prediction of CO2
emission. Their accuracy is dependent on the architecture and applied methods and
these factors should be considered to develop the precise model. This article focuses
on the CO2 emission modelling of three countries namely Kazakhstan, Uzbekistan
and Turkmenistan in central Asia by use of ANN-based methods. The main novelty of
the present work is the simultaneous consideration of these three countries for the
development of a comprehensive model. Furthermore, some helpful information is
provided on the key characteristics of their energy systems and policies considered
for the future of their energy systems. In the following section, an overview of the
energy systems and CO2 emission status of these countries are provided. Afterwards,
the applied methods are described. Subsequently, results and discussion are provided
and finally, the conclusion is represented.

2. Overview of Energy Systems in Cases of the Study

Three countries, namely Kazakhstan, Uzbekistan, and Turkmenistan, located
in central Asia are considered in the present study for modelling of CO2 emission
using ANN-based models. In this section, key features and policies related to the
energy systems and environment of these countries are presented.
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2.1. Kazakhstan

The Republic of Kazakhstan has a land area of 2,717,300 km? (Executive
Summary, n.d.) and its population was around 19,621,000 in 2022 according to the
World Bank data (Population, Total - Kazakhstan, n.d.). Gas and oil industries and
associated sectors were responsible for 17% of GDP in 2020, oil provides the majority
of the earnings of the country’s exports and is the government revenue chief source
(Executive Summary, n.d.). In 2021, oil products had the highest share in Total Final
Consumption (TFC) that was followed by coal. High reliance on fossil fuels causes high
CO2 emissions per unit of GDP compared with the world and developed countries. In
Figure 1, the emission of CO2 between 1990 and 2021 is illustrated (Energy Statistics
Data Browser, n.d.-a). It can be seen that although there was a sharp reduction in
emissions between 1990 and 2001, there has been an increasing trend in recent
years, particularly since 2015. Coal has the highest share in electricity generation
in this country and it is followed by natural gas. The industry had the highest share
in TFC of Kazakhstan between 2000 and 2019; however, from 2020 the share of the
residential sector became higher than the industry sector (Energy Statistics Data
Browser, n.d.-a).

Some policies have been made for the energy systems in Kazakhstan in recent
decades. For instance, according to the law about the support of the utilization of
renewable energy systems, which was adopted in 2009 and the latest amendment
in 2021, feed-in tariff (FIT), grants and tax relief were introduced and rules were
outlined for land allocation for renewable energy systems utilities (The Law About
Support the Use of Renewable Energy Sources (Amended), 2022). Another policy, the
law on Energy Conversation and Energy Efficiency, a strategic policy is designed to
achieve a remarkable reduction in the energy consumption of industrial and municipal
sectors. This law focuses on the enhancement of energy conservation, development of
efficient infrastructures, and shifting towards green growth of the national economy
(KAZAKHSTAN: Law No. 541-1V of 2012 on Energy Saving and Energy Efficiency (2019
Ed.), 2019). Another policy for the energy sector is entitled to energy efficiency classes
of buildings. This policy focuses on the development of rules for the definition and
revision of buildings’ energy efficiency classes (Energy Efficiency Classes of Buildings,
2022). This policy can lead to improvement in the energy-saving in the buildings and
reduction in the energy consumption and consequently decrease in emission of this
sector. Furthermore, the United Nations Development Programme in Kazakhstan in
partnership with this country’s government and with financial help from the Global
Environment Facility initiated programmes for supporting the medium- and small-
sized enterprises carrying out the energy efficiency and renewable energy systems.
The aim of this initiative is promotion of renewable energy projects on a small scale
and decrement the financial burden of clean energy systems (Transition to Renewable
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Energy Sources: Economic Benefits for Entrepreneurs in Kazakhstan, 2024). Between
2018 and 2020, the U.S. Agency for International Development (USAID) helped
Kazakhstan leverage approximately 2 billion USD in private investment, leading to
around 60 new projects on renewable energy which would decrease the emissions
of CO2 in this country by 11 Mt (Betting Big on Renewables, n.d.). Aside from
the decarbonization, there are some investments and plans for the improvement
of energy security in Kazakhstan. For instance, Central Asia Regional Economic
Cooperation (CAREC) has invested around 8.9 billion USD in different projects that
are mainly aimed at bilateral electricity trade expansion and enhancement of power
networks in this region (Energy, 2023). Implementation of this plan would lead to the
enhancement of energy security in the considered countries, e.g. Kazakhstan.
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Figure 1. Total CO2 emission in Kazakhstan between 1990 and 2021 (Energy
Statistics Data Browser, n.d.-a).

2.2. Uzbekistan

The land area of Uzbekistan is around 447,400 km? (Uzbekistan (12/08), n.d.)
and its population was approximately 35,648,000 in 2022 based on the data of the
World Bank (Population, Total - Uzbekistan, n.d.). Despite being energy self-sufficient
owing to its gas sector, the ageing infrastructure of this country struggles to face
increasing domestic demand. Overuse, losses and financing remain problems in the
energy sector of this country (Uzbekistan, n.d.). In this country, natural gas had the
highest share in TFC and was followed by electricity in 2022 (Energy Statistics Data
Browser, n.d.-b). CO2 emission per unit of GDP in this country is high in comparison
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with the world which can be attributed to the low efficiency of the systems and high
reliance on fossil fuels. In Figure 2, Uzbekistan’s CO2 emission between 1990 and 2021
is represented. It can be seen that since 2015, there has been an increasing trend
in the emission of CO2. Natural gas has the highest share in electricity generation
in Uzbekistan, and it was followed by hydropower in 2021. This year, the residential
sector had the highest share in the TFC of Uzbekistan which was followed by the
industry sector (Energy Statistics Data Browser, n.d.-b).
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Figure 2. Total CO2 emission in Uzbekistan between 1990 and 2021 (Energy
Statistics Data Browser, n.d.-b).

Some policies and plans have been considered in the energy sector of
Uzbekistan in recent years. The general items focused on by the government are
designed in a way to achieve fuel independence by incrementing the natural gas and
petroleum condensate output, creating raw materials base for the energy sector,
maximising public access to electricity, liquefied and natural gas and the latest kinds
of fuels, promotion of financial stability and attraction of more investment in this
sector, utilization of energy resources in a more efficient way, development and
legal framework for the energy sector and enhance the related financial-taxation
system and promotion of competition in the energy sector (The Outlook for the
Development of Renewable Energy in Uzbekistan, 2014). In addition to the general
policies, some of the plans and policies are more specific. For instance, according
to the Decree of the President of the Republic of Uzbekistan, primary directions
for more development of the fuel and energy industry of the country are defined.
There are different aims for it including the introduction of advanced resources and
technologies applicable for energy saving in the economy and household sectors in
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addition to the development of new energy sources (Decree of the President of the
Republic of Uzbekistan “On Measures to Radically Improve the Management System of
the Fuel and Energy Industry of the Republic of Uzbekistan” Dated 01.02.2019, NeUP-
5646, 2022). According to another policy, a law is presented that aims to strengthen
the energy security of Uzbekistan, fuel diversification, and balance of energy in
terms of electricity generation, heat and biogas utilizing renewable energies (Law of
the Republic of Uzbekistan “On the Use of Renewable Energy Sources” Dated May 21,
2019, No. ZRU-539, 2022). Furthermore, this country set a 25% target for renewable
energy generation by 2030 and carbon neutrality by 2050. USAID is cooperating with
the stakeholders of the energy sector and the Ministry of Energy to initiate a Green
Hydrogen Hub to support the efforts of the government to reach the mentioned goals
(USAID Energizes Uzbekistan’s First Green Hydrogen Hub, n.d.).

2.3. Turkmenistan

Another case study of the present study is Turkmenistan located in Central Asia.
The land area of this country is 469,930 km? and the population of this country was
around 6,431,000 in 2022 (Population, Total - Turkmenistan, n.d.). The government of
Turkmenistan was continuously investing in gas and oil to expand and modernize the
heat and electricity sector by 2020. In addition, the energy sector is approximately
fully subsidized (Turkmenistan, n.d.). The highest share of TFC belonged to natural
gas in 2021 which was followed by the oil products (Energy Statistics Data Browser,
n.d.-c). CO2 emission per unit of GDP is high compared with the world and is higher
than the two other countries considered in the present study. In Figure 3, the emission
of CO2 between 1990 and 2021 in Turkmenistan is illustrated. Between 1998 and
2011, there was a significant increase in emissions; however, its increasing trend has
reduced in recent years. Among different sectors of this country, commercial and
public services had the highest share of TFC in 2021 (Energy Statistics Data Browser,
n.d.-c).
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Figure 3. Total CO2 emission in Turkmenistan between 1990 and 2021
(Energy Statistics Data Browser, n.d.-c).
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There are some policies and plans for environmental protection and
modification of energy systems in Turkmenistan. For instance, according to one of
the policies on the protection of atmospheric air, a law is adopted to provide the
set standards for air quality (On Protection of the Atmospheric Air, 2022). According
to another policy, Turkmenistan’s Nationally Determined Contribution (NDC) reflects
decrement of 20% in the emission of greenhouse gases in 2030 in comparison with 2010
emissions under the business-as-usual scenario (Nationally Determined Contribution
(NDC) to the Paris Agreement (2022 Update): Turkmenistan, n.d.). A project
entitled “Sustainable Cities in Turkmenistan: Integrated Green Urban Development
in Ashgabat and Avaza”, which is funded by the UNDP and Global Environmental
Fund aims to promote sustainable cities development and decrease unfavourable
effects of urban growth in Turkmenistan (UNDP Continues to Support Turkmenistan
in Improving Energy Efficiency and Developing Renewable Energy Sources, n.d.). As
another international cooperation and support, USAID aids in the identification of
opportunities related to renewable energy systems, helps in the development of
large-scale and comprehensive low-carbon strategies in the sector of energy and
takes part in the decrement of emissions of methane from the gas and oil sector
(USAID Power Central Asia, n.d.).

3. Methods

There are various kinds and structures based on ANN for the development of
predictive models. MLP is one of the most conventional ANN-based models that have
been applied for the modelling of multiple systems and problems in recent decades.
The general structure of an MLP ANN with one hidden layer is shown in Figure 4.
A description of this model is presented here according to the study by Komeili et
al. (Komeili Birjandi et al., 2022a). In various layers of this structure, neurons are
located. Input information is received by the input layer and transferred to the next
layer through the neurons. The communication ability of a neuron in comparison
with the other neurons represents its weight. The quantity of neurons in each layer
is associated with the weight value and value of the network’s former layer. The
principal processor component of this network is a neuron.
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Figure 4. Structure of an MLP ANN with a single hidden layer (Komeili
Birjandi et al., 2022a).

Considering X vector (X,, Xz, ..., X ) as the network input, the weight of
the neurons which stands for the jth neuron synapse power as w;, U, as the linear
combination of output and y;as the network output, the following equations are used
for determination of the output.

u; = Nitq wiiX; (1)
¥ = oy + b)) (2)

In these equations, ¢(0) and bj are activation function and bias, respectively.
A variety of activation functions are applicable in this network. tansig as one of
the most conventional activation functions, as presented in Equation (4) (Komeili
Birjandi et al., 2022a), is applied in the present study.

tansig (x) = = o (4)

1+exp (—2x)

In the applied model, Levenberg-Marquardt is used as the training function
for optimization of the network parameters. In addition, one hidden layer with
different numbers of neurons is considered to obtain the optimal structure. The other
hyperparameter values such number of epochs are selected based on the default
value of MATLAB software.

Another technique applied in the present work for modelling is GMDH. This
approach is described here according to the study by Kim et al. (Kim & Okuyucu,
2022). This method maps an input vector, X=(x,, X,,...,X ) to the forecasted value
denoted by ¥, as illustrated in Figure 5. It is anticipated to have as near as possible
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the value of output to its actual value. M results determined for pairs of data in
a network with single output and multiple inputs are observed as follows (Oh &
Pedrycz, 2002).

¥i = f(%, X %) =1, 2, ..., M

Optimal
m O model
Ypredicted
L J L J L J
hi T T
Inputs First Layer Hidden Layers Last Layer Output

. Selected O Unselected

Figure 5. Schematic of GMDH ANN (Kim & Okuyucu, 2022)

The predicted value of the output, ¥, from the inputs is represented as follows:

Vi = f (ip Xigy oy Xin) 1= 1,2, M )

The least-squares approach is utilized between the predicted and actual
outputs to obtain the model. The following equation is used for minimization of the
model error.

M e
Z (f (xi1, Xi2s oo s Xin) — ¥i)? = minimum (6)
i=1

This type of ANN is identified based on input and output factors emphasized
in the form of the Kolmogorov-Gabor polynomial function, which is as Equation (7)
(Farlow, 2020):

n n n n n n
¥y =ag +Z ax; + Z 2 aj;x;%; +Z Z Z Ay XXX + e (7)
i=0 j=1 & j=1 j=1 e j=1 =1
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Equation (7), a refers to the coefficients of a polynomial and (i,j,k) €1,2,...,n).
In general, this polynomial can be written in quadratic polynomial form with just two
variables as follows (Elbaz et al., 2021):

= = 2
y —G(x,.,xj )—ao+a1x,.+azxj+agx,.xj+a XPTAX; (8)

This model forecasts the output for each input parameter set and is applied
for the prediction of the coefficient and decreased value of Root Mean Square Error
(RMSE) between the forecasted and actual outputs. Minimization of RMSE is as
Equation (9):

Zﬁl(.ﬁ?i—h)z

RMSE = — Minimum
9)

Inthe principle form of thisalgorithm, all binary probabilities of the independent
variables provide regression architecture utilizing the form of polynomials represented
in Equation (8). The count of cells in the networks’ hidden layer is calculated by
(n/2). Afterwards, the creation of M data triples is possible to form the actual output
as (y,,X,,,d;,)(P,d) €(1,2,...n). The obtained matrix is as follows:

X1q N
p X2q 22 (10)

GMDH algorithm essential form is written in matrix form and Equation (7)
could be applied to rewrite it as follows:

Y=Aa (11)

where Y={y,,y,,..,y,} denotes the actual value of the output vector and
a={a,,a,,..,a,} is the vector of the unknown coefficient of the polynomial. The
forecasted matrix for various p and q are as Equation (12).

2 2
1 X1p X1q X1pX1q Xip Xig

a=| 1 % T2 ¥ af, x, (12)

_ Bl oD
1 XMp XMq XMpXMq Xmp  XMq

The following normal equation must be solved for multi-regression analysis
based on the least-squares method. For comparison of the models, Relative
Deviation (RD) and Average Absolute Relative Deviation (AARD) are considered that
are determined as follows (Komeili Birjandi et al., 2022b):
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RD - Yactual " Ymodeled (1 3)
Yactual
n |[Yiactual™Yimodeled|
{=1 :

AARD = [ Yiactual [ (14)

n

For the abovementioned parameters, it is preferred to have values closer to
0 as much as possible. Lower values of AARD and RD refers to higher accuracy of the
proposed model and lower deviations between the predicted and actual outputs. In
addition to these criteria, R?, calculated by use of Equation (15), is used as another
parameter for evaluation (Komeili Birjandi et al., 2022b). Closer values to 1 means
higher accuracy and for the current models (Dossumbekov et al., 2024), achieving R?
values of higher than 0.95 would be acceptable.

Rz ¢ — Z?:1(yi.ar:rual_'.Vi.modeted)z (15)
E?:-g(J’i.a.ctu.ai_?aczualjz

4. Results and Discussion

In the present study, two intelligent methods, namely GMDH and MLP ANN,
are applied for the modelling of CO2 emissions. GMDH Shell Software is used for
the development of the GMDH model. The inputs of the proposed models are the
total energy supply of different sources including 1. coal, 2. natural gas, 3. oil, 4.
hydro, 5. biofuels and waste, 6. other renewables (wind, solar etc) and 7. GDP. The
supplies of different energy sources are used as the inputs as the important factors
of energy systems specifications and GDP is used as an economic index that can
influence the emissions of greenhouse gases. The data are gathered for years between
1990 and 2021. The total number of datasets is equal to 96, that is not very big to
make difficulties in analysis. Moreover, there is no missing data in the considered
period. Furthermore, it is assumed that all of the obtained data are correct. Due
to the mentioned reasons, no preprocessing is done for the present analysis and
modelling(Garcia et al., 2015, 2016). It should be noted that all of the raw data are
used and no normalization is applied. Data related to the supply of different energy
sources are obtained from the IEA website (Energy Statistics Data Browser, n.d.-c;
Energy Statistics Data Browser, n.d.-a; Energy Statistics Data Browser, n.d.-b) and the
GDP data are gathered from the WorldBank website (GDP (Current USS) - Kazakhstan,
n.d.; GDP (Current USS) - Turkmenistan, n.d.; GDP (Current USS) - Uzbekistan, n.d.).
For training and testing of the proposed models, 70% and 30% of datasets were used,
respectively. It should be indicated that validation dataset is not considered in the
present study. In Figure 6, a comparison between the modelled and actual values of
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CO2 emission is presented. Most of the data are very close to Y=X line which means
the prediction is precise and accurate. The R? value of this model for overall data is
0.9936. This value of R? is very close to 1 and it means that the precision of the model
is acceptable. In Figure 7, RD of the different data versus the corresponding actual
value of CO2 emission is depicted. It can be observed that for the majority of cases,
the value of RD is in the range of +5%, indicating high precision of the model, and
the maximum absolute value is around 20.5%. High values of RD in some years of the
models have been reported in other studies on the similar problems. For instance,
Ahmadi et al. (Ahmadi, Dehghani Madvar, et al., 2019). reported that for their model
for CO2 emission prediction in Latin American countries by use of PSO-LSSVM method,
maximum value of RD was around 22%. The obtained values for the developed model
in this study indicate that the model is acceptable for the estimation of CO2 emission
in the majority of the cases and could be applied for this purpose.
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Figure 6. Comparison of modelled and actual values of CO2 emission for the
GMDH model.
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Figure 7. RD value vs actual values of CO2 emission for the GMDH model.

Similar data are applied for the modelling of CO2 emissions in the mentioned
countries by use of MLP ANN. In the proposed model, just a single hidden layer is
considered and various numbers of neurons, from 4 to 15, were applied to reach
the maximum precision. In Table |, MSE values of different model structures are
represented. It can be observed that the consideration of 5 neurons in the network
provides the model with maximum precision among the tested networks. In this case,
the MSE value of the network is 29.55 and R? is 0.9929. In Figure 8, the comparison
is provided between the actual and modelled values for the MLP model it can be
observed that the majority of the predictions are close to Y=X line, meaning the high
exactness of the model. Similar to the previous model, values of RD vs the actual
value of the emission are depicted in Figure 9. It can be observed that the maximum
absolute RD is higher than the GMDH model; however, the majority of the RD values
are in the range of +5%. To have a better understanding of both models, the values
of AARD for the models are compared in Figure 10. According to the obtained values
of AARD, approximately 4.28% and 3.69% for the MLP and GMDH models, the latter
model is a bit more accurate.
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Table I. Values of MSE for different network structures.

Number of neurons Data set MSE value
4 Train 736.94
Test 459.23
Overall 653.05
5 Train 35.50
Test 22.74
Overall 29.55
6 Train 59.51
Test 30.58
Overall 50.77
7 Train 67.33
Test 15.18
Overalls 51.57
8 Train 26.55
Test 176.54
Overall 71.86
9 Train 144.71
Test 121.40
Overall 137.67
10 Train 152.78
Test 139.91
Overall 148.89
11 Train 57.44
Test 4109
Overall 52.51
12 Train 71.70
Test 25.99
Overall 57.89
13 Train 116.54
Test 7.32
Overall 83.55
14 Train 43.67
Test 8.06
Overall 32.92
15 Train 696.00
Test 569.56
Overall 657.80
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According to the obtained values for R?, AARD and RD, it can be denoted that
the proposed models have acceptable performance in the estimation of emissions.
It should be noted that in the present model, it is assumed that the emission is a
function of supplies of different energy sources and GDP while some other factors
such as weather condition and social parameters could be effective on the emission.
This assumption is considered due to the availability of the data and simplification
of the proposed. The availability of all influential data on the emission of CO2 and
quantifying the detail specifications of the energy system specifications are among
the most important limitations to propose more accurate and detailed models. The
use of these models can be beneficial for policymakers and scholars to estimate
emissions in upcoming years and evaluate different scenarios. By use of these models,
different scenarios can be evaluated and compared in term of CO2 emissions.

Algorithm synthesis ability via the learning process and obtaining solution of
the cases of the nonlinear problems in addition to the models robustness are the
principle advantages of ANNs; however, need to training process for each problem,
necessity of applying multiple tests for finding the best structure and requirement
for datasets with large size for network training are the main disadvantages of these
techniques (Alhuyi Nazari et al., 2021; Navarro, 2013). In this regard, some other
methods can be considered. In future studies, other intelligent methods including
ANFIS, LSSVM etc could be tested and compared with the present model. In some
cases, depending on the problems and their characteristics, the employment of
other models can result in higher exactness and more accurate predictions. The
main advantages of ANFIS are its reliable performance in capturing the nonlinear
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architecture of a procedure and fast capacity of learning. Furthermore, this
technique has both numerical and linguistic knowledge (Sahin & Erol, 2017). Ability
of obtaining nonlinear solutions is among the most important advantages of SVM-
based approaches; however, knowledge requirement related to the kernel function
is the main problem of this method (Alhuyi Nazari et al., 2021). Aside from use of
other methods, it would be an applicable recommendation to use different activation
functions in the MLP model to investigate if those models could be more precise or
not. In addition, it is suggested to consider more countries in the region to improve
the comprehensiveness of the models.

5. Conclusion

In conclusion, this study highlights the intricate relationship between CO2
emissions, influenced significantly by energy consumption patterns, energy source
compositions, and economic indicators. CO2 emission is dependent on a variety
of factors and parameters; however, energy consumption and shares of different
sources are very influential. In addition to them, GDP could be an affecting factor
that should be considered in the estimation and forecasting of emissions. The main
contribution of the present work is applying data-driven methods based on artificial
intelligence to develop predictive models for the CO2 emissions. This study considered
three countries namely Kazakhstan, Uzbekistan and Turkmenistan as the cases.
Sources such as IEA, the WorldBank and USAID were used for data gathering. It also
provided valuable insights into the energy systems of these nations, along with their
respective policies aimed at enhancing energy efficiency and reducing emissions.
Central Asian countries are increasingly recognizing the pivotal role of economic
policies and energy strategies in shaping their emission trajectories. Policies that
integrate economic growth with sustainable energy practices are crucial. Measures
such as incentivizing renewable energy investments, promoting energy efficiency
in industries and households, and adopting cleaner technologies can significantly
mitigate CO2 emissions while fostering economic development.

The application of the Group Method of Data Handling (GMDH) and Multilayer
Perceptron (MLP) models demonstrated strong performance in estimating emissions,
with the GMDH showing a marginal advantage in accuracy over MLP. Comparison
analysis indicated that both models have acceptable accuracy; however, making
use of GMDH is preferred in terms of exactness compared with the MLP. The high
coefficients of determination (R?) and low average absolute relative deviations
(AARD) for both models—0.9936 and 3.69% for GMDH, and 0.9929 and 4.28% for
MLP—underscore their reliability. The proposed models can serve as valuable tools
for predicting future emissions, offering insights that can inform policymakers in
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formulating effective strategies for sustainable development and environmental
stewardship. The policymakers can consider these models to evaluate different
scenarios for prediction of emissions in future and compare them with each other. In
future studies, other structures of networks and functions can be applied to develop
more accurate models. Moreover, some other data-driven techniques such as LSSVM
and ANFIS can be considered for modelling the emission of CO2 to achieve more
accurate predictions.
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OHeproaheKTMBHOCTL  AB/AETCA  K/IOYEBbIM  (DAKTOPOM  NpM
NPOEKTUPOBAHMMU M IKCMyaTaumm 3daHui. B Pecny6amke KasaxcraH
(PK), rae 3aaHMA 3aHMMAlOT NEPBOE MECTO MO MNOTPEBGNEHMIO SHEPrM (43
% OT 0BLLEr0 06EMA), KMIOM CEKTOP MrPaET BaXkHYH POJib, OCOGEHHO B
YC/I0BUAX XO/I0AHOMO K/IMMaTa C MPOAO/IKUTE/IbHbIMU 3MMamM. OCHOBHBIMU
(aKTOpamM SHEPromnoTPEGNEHNA B KUJbIX 3[AaHUAX ABMAIOTCA CUCTEMbI
OTOMNJIEHWA M OCBELLEHMSA. AHa/IM3 B paMKax MCC/IeJ0BaHUA, NPOBEAEHHbIM
C WCMOJIb30BAHMEM CTaTUCTUUECKMX METOZOB, BbIBUA  MPUYMHDI
BbICOKOr0 YZIe/lbHOTrO Pacxoja TeMJIOBOM SHEPriW, BKJOYAS HU3KMe
Tapudbl M HEAOCTAaTOK MHBECTMLMM B TEPMOMOAEPHU3ALMIO 3AAHMMN.
B cratbe npenctaBiieHbl pesy/bTaTbl aHasM3a 3HEpPronoTpebneHus B
XMAMLHOM cekTope KasaxcTaHa, a TaKKe OCHOBHbIE MPUUMHBI BbICOKOIO
JHepronoTpedneHMs AN OTOMIEHUA W/bfA, BKJOYAA OTCYTCTBME
MHBECTMLMIA CO CTOPOHbl BJIAZE/IbLEB HEZABUKMMOCTM B YCJIOBMAX
HM3KMX LieH Ha SHEPruio B CTpaHe. Matepuasbl, CO6paHHblE aBTOPOM B

K/IIOHEBBIE C/IOBA

OHeprosdeKTUBHOCTb,
¥KMJble MHOTOKBapTUPHbIE
[lOMa, TenoBas dHeprus,
3HepronoTpebneHue,

pesy/ibTaTeé HEeMoCPeACTBEHHOrO yyacTMs B MOATOTOBKE M peasin3aumm
pAfa MWIOTHBIX MPOEKTOB, AEMOHCTPUPYIOT MOTEHUMA/IbHBIM BK/IaA
TEXHUYECKUX MEPOMPUATUI B O6LUEE COKPALLEHWE SHEprornoTpebaeHus

[lEMOHCTPALMOHHbIE
NPOEKTbl, MOHUTOPUHT
addeKkToB, KazaxcraH

B Pa3/IMYHbIX KJIMMATMYECKMX YCIOBUSX CTPaHbl; NO3BOJIMAM paccuMTaTh
peHTabe/IbHOCTb KOMMIEKCA 3HEPro3ddeEKTMBHbIX MEP A1 TMIMOBOro
MHOTOKBapTMPHOrO JA0OMa, a TaKXe ChOopMy/IMpoBaTb PEKOMEHIALMM
MO MOBbILEHMIO SHEPrO3(PdEKTUBHOCTM KMIOr0 CeKTopa. CHUXKeHWe
SHEPromnoTpet/IEHUA B KM/IMLLHOM CEKTope OyAeT Crnoco6CTBOBaTh
COKpALLEHMIO BbIOPOCOB MapHUKOBbLIX FAa30B, YTO OCOGEHHO BaXKHO A1
JOCTUXKEHUA LiesIer HaLUMOHa/IbHOM KJIMMATMUECKOM MOJIMTUKM, BKJIOYaA
KoHuenuutio no nepexoay PK K «3eneHoM 3KOHOMMKe», Onpeaensiembii
Ha HauuoHa/ibHOM YypoBHe BKag (OHYB) u Crpaternto AOCTMXEHMA
yrnepoaHoN HemMTpanbHocTH PK Ao 2060 roga. Pesy/bTaTbl MCC/leA0BaHMS
OCHOBaHbl Ha JaHHbIX, aKTyaJibHbIX Ha KoHel, 2021 r., U AEMOHCTPUPYIOT
NOTEHUMAN MEPEMOBbIX TEXHOMOMMIM M LENEBbIX SHEPreTUYECKUX
CTpaTeruni B CMArYEHMU NOCIEACTBUM M3MEHEHMS KMMaTA.
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Ony6aukoBaHo KasaxcTtaHcKko-Hemeukmm YHBepcuTeToM, Anmartel / KasaxctaH


https://doi.org/10.29258/CAJSCR/2024-R1.v3-2/24-44.rus
https://orcid.org/0009-0005-6044-6615
mailto:alex%40avantgarde-group.eu?subject=
mailto:alex%40avantgarde-group.eu%20?subject=

LIEHTPA/IbHOA3SMATCKMM XYPHA/ MCCIEAOBAHWA K/IMMATA M YCTOMYMBOIO PA3BUTUA (2024) 3(2): 23-44 25

1. BBegeHune

Obuwas naowagb XuamwHoro ¢oHaa B KasaxctaHe no cocToAaHuio Ha 2021
rog coctaenset 387,7 mMaH. KB. M (O uaumwHom cdoHae, 2022) u3 Kotopbix 250,3
MJIH. KB. M (64,5 %) npmxoamTca Ha ropoja. B ropogax KasaxcrtaHa XKUAMULHBIM HOHA
LUMPOKO NpeAcTaB/eH MHOMOKBAapPTUPHBLIMU XUAbIMKU oMamn (MKA), T.e. 34aHUAMM,
BK/IOYAOLWMUMM 60S1ee OHOM KBApTUPbl, BAAE/IbLLaMM KOTOPbIX ABJAOTCA pasHble
COBCTBEHHMKM, HA AO0/I0 KOTOPbIX MPUXOAUTCS OKOJI0 65 % obuien naowaam KO.
Mo AaHHbIM Bropo HauMoHanbHOM CTAaTUCTUKM (O KuauiwHoM doHae, 2022) Ha 2021
roJ YMCN0 MHOIOKBapPTMUPHbIX XWUJIbIX AOMOB B CTpaHe cocTtasaseT - 310 810 eanHumy
C HamMbo/ibLeM KOHUEHTpauuen B ropoge AnmaTtbl M 06/71acTM, a Takxke BocToyHo-
KasaxctaHckon u KaparaHaMHCKOM 061acTAX.

MNpeactaBnAeT MHTEpeC UCTOpPUA CTpPoUTENIbCTBA 3TUX AOMOB. Ha pucyHke 1
HUKe NpeAcTaB/ieHa Auarpamma, NoKasbiBatoLlas 40/IM 4OMOB M0 Frody MX NOCTPOMKM.
JTO MHTEpecHO, MOCKOJIbKY 34aHMA, NocTpoeHHble o 1990 roga B KasaxcTtaHe
Cco3JaBaMCb 6e3 3HeprocbeperkeHMa M TaKKe He PeMOHTMPOBa/IMCb 3a NnocnejHue
20-30 net (MBaHoBa, 2020). TaknMM 06pa3om obLLEe YMCN0 AOMOB, BO3BEAEHHbIX A0
1990 roga B cTpaHe cocTaBsiseT He MeHee 82 % (cMm. puc. 1).

B KasaxcTtaHe B HacTvosllee BpemMs [AEWUCTBYET CTPOMTEJIbHbIM HOPMATUB,
pernameHTUpYIOLWMK NpeaesibHoe KOIMYECTBO TEMJIOBOM SHEPrMM, KOTOPOE KMJoe
3laHMe [JOJ/IKHO MOTpe6/ATb Ha HyXAbl OTOMNEHMA M BEHTUAAUMM. Bnepsble
NoAo6HbIM HOpmaTMB aencteyeT ¢ 2004 ropa, (AokymeHT CH PK 2.04-21-2004*
«JHepronoTpebaeHne 1 Tens0Bas 3aliMTa rpaxkaaHCKMX 34aHMM> (FocyAapCcTBEHHbIE
HOpMaTMBbl..., 2006)). HoBble cTaHAApTbl S3HEProadPEeKTUBHOCTHU A8 34aHMM BNepBble
onpeaensalT KpPUTEPUM, TaKME KaK NoTpebsieHWe TEMJIOBOM 3HEPrMM Ha o060rpeB
MOMELLEHUM B TEYEHME OTOMUTENIbHOrO CE30HA, YYMTbIBas 06MEH BO3AyxXa, TEM/OBbIE
NOTEPU U PacnoIOKEHUE 34aHMM.
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B cooTtBeTCTBUM C 06HOBNIEHHBIMKU B 2011 roay CTpOMTE/IbHbIMM CTaHAapTaMM,
OblIM BHECEHbl M3MEHEHMA B TEMJIOBYIO 3alUMTy 34aHMM, B pe3y/bTaTe 4yero 6bin
npuHAT CH PK 2.04-03-2011 (FocysapcTBEHHblE HOPMATUBbl..., 2012). 3TOT JOKYMEHT
BBE/ KnaccudmKaumio 3HeproahheKTUBHOCTU 34aHUM C UCMOJIb30BAaHMEM NATMHCKMX
6yKB oT A 710 E 1 AONO/IHUTENbHbIE NOAKNACCHI, TaKMe Kak A++, B+, C+ 1 C-. ba3oBbii
nokasaTe/lb SHepronoTpe61eHNUs Gbl/1 YKECTOUEH B CpeaHEM Ha 6 %. Mo AeMCTBYOWMM
HOpMaM, HOBbIE XWJible 34aHUA AOKHbI COOTBETCTBOBATb KAK MMHMMYM Knaccy C-, 4to
COOTBETCTBYET YPOBHIO “HOpMasibHbIM”, B TO BPEMSA KaK YiKe CyLIecTBYoLME 34aHMSA
HEeobX0ANMMO MOAEPHU3UPOBATL AJA NOBbIWEHUA UX YPOBHA dHEPros3EKTUBHOCTH.
BaXKHbIM acneKToOM MOBbIWEHUA 3HEProdId@PEKTUBHOCTM XKMIOIO CEKTopa ABAAETCA
CHUXXeHMe BbIGPOCOB NapHUKOBbIX ra3oB. B KasaxcTaHe faHHaa 3agaya MHTerpmpoBaHa
B KJIlOYEBble CTpaTernMvyeckmMe [JAOKYMeHTbl, BKAo4Yaa KoHuenumioo nepexoja K
3e/IeHOM 3KOHOMMKe, HauuoHanbHo onpeaensemble BKAagbl (NDC) u Crtpateruio
yrnepoaHomn HerTpasnbHOCTU K 2060 rogy. Ocoboe BHUMaHWE yaeNnsaeTCcsl COKpaLLEHMIO
BbIGPOCOB B CEKTOPE OTOMJIEHMSA, KOTOPbIM 3aHUMAET 3HAUYUTE/IbHYIO 0110 B O6LEM
3HepronoTpebsieHMn CTpaHbl. Peanusauma 3HeproaddeKTUBHbIX MEPONPUATHIA B
XMJIOM CEKTOpe NO3BOJIAET KakK COKPaTUTb pacxo/bl Ha SHEPropecypchbl, TaK U BHECTU
BK/1aZ, B BbIMOJ/IHEHME K/IMMATMUYECKMX LieIeM CTpaHbl.

2. 0O630p AnMTEpaTYpHI

3a nocsegHee Bpema B HayyHoM JiMTepatype ony6/MKOBaH pAf CTaen C
TeMaTMKaMm 6JIM3KMMM K pacCMaTPUBAEMbIM B HACTOALLEN CTaTbe. TaK, BUCC/Ie40BaHMM
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Shevyakova u agp. (2022) onucaHbl Npo6sieMbl BHEAPEHUA 3SHEpProcobeperarLmx
TexHonoruk B KX KasaxctaHa. OCHOBHble NpensaTCTBMA BK/IHOYAOT HU3KUIA YPOBEHD
TapudoB, BbICOKYH M3HOWEHHOCTb ceTen (70-80 %) M HEAOCTATOK MHBECTMUMM.
Ana ycTpaHeHuMAa 3TMX NpobneM MpeasioKeHbl Mepbl, TaKMe Kak MoAepHM3aumsa
060py/Z1I0BaHUSA 1 CTUMYJIMPOBAHME MHBECTULIMI YEpPE3 rocyapCTBEHHbIE NMPOrPamMmbl,
Hanpumep, "Hypsbl XKep” 1 "CunbHble permoHsl”.

UccneposaHne Tukhtamisheva mn gp. (2020) aHanu3MpyeT BAMAHUE HU3KMUX
LLeH Ha TEenJoBYK 3HEPruio Ha 3PDEKTUBHOCTb M30JAUMM KUAbIX 3aaHMK. [pu
COXPaHEHUM peryiMpyembiX LeH OTCYTCTBYeT 3KOHOMMYECKOe O0O60CHOBaHME ANA
BHeApeHMa 6osiee 3(pdeKTMBHbIX pelleHu. [peasoeHo MCMNoNb30BaTb METOAUKY
ONTMMM3ALMM TEMIOBOM M30SILMM, BKIKOYAA pacyeTbl NOJIHOM CTOMMOCTM YyYLEHUM
3@ JKM3HEHHbIM LMK 34aHWM, 4YTOBbl CTUMYAMPOBATb 6oJsiee 3HeproaddeKTMBHbIE
CTaHZapTbl CTPOMTENBCTBA.

Assylbayev u agp. (2023) oTMe4aloT HEOOGXOAMMOCTb  MOBbILEHMSA
3HeproadEeKTUBHOCTM KakK CTpaTermyeckoro HanpaB/eHMA B YC/IOBUAX PoOCTa
NOTPE6GHOCTEM HAceNeHus. BblaeneHbl KIMMaTMYeCKMe, 3SKOHOMMYECKME MU
coupManbHble MpeuMMyLLEeCcTBa, BKJIOYaA COKpalleHMe BblOPOCOB, CHMXXEeHMe 3aTpaT
Ha 3HepronoTpebaeHue U yaydlleHmMe KayecTBa Xu3Hu. lNpeanoxeHo Mcnosb3oBatb
Ha/oroBble CTMMYJ/Ibl M TOCYAAPCTBEHHbIE MHBECTULUMOHHbIE MNPOrpaMMbl A
MoZepHM3auMK Xunoro doHaa.

B uccnepgoBaHum Sharipov wu  ap. (2021) aHanaM3upyoTca nNpob6aeMbl
3HeprocbepekeHna B CTPOUTENIbHOM OTpac/M KasaxcTaHa, BK/OYas BbICOKYIO
3HEProeMKOoCTb 3JaHWMM M yCTapeBWME CTPOMUTE/IbHbIE TEXHOJIOMMM. ABTOPbI
NOAYEPKMBAKOT HEOOXOAMMOCTb YCTPAHEHMA 3aKOHOAATENbHbIX M TEXHUYECKMX
6apbepoB, COBEPLUEHCTBOBAHMSA CTaHAAPTOB 3HEPro3dPEKTUBHOCTU, MCNONb30BAHMSA
BTOPMYHbIX M BO30OHOBISEMbBIX MCTOYHMKOB 3SHEPrMM, a TaKXe BHeApeHUsA
3 DEKTUBHBIX CUCTEM BEHTUNAUMM. OCHOBHBIMM MPENATCTBUAMM OCTAKTCH HU3KUM
YpOBEHb BHeApeHMA 3HEPro3addEKTMBHBIX TEXHOJIOTMM M CNAbbld KOHTPOJIb 3a
coboleHMEM CTAaHAAPTOB Ha 3Tane NPOEeKTUPOBAHMSA U SKCMJIyaTaluuu 34aHWM.

UccneposaHue Dyussembekova v gp. (2022) nokasbiBaeT NOTEHUMAN CHUXKEHUA
3HepronoTpebieHnss Yepes TEepPMOMOAEPHM3AUMI0 34aHuMM. PaccmaTtpuBatoTcs
pa3/IMyHble CLEeHapuUu MOAEepPHM3aUUM: OT MMHUMA/IbHOIO (3aMeHa OKOH U yTenjeHue
KPOBAM) A0 3HAYMTE/IbHOrO COKpalleHWMsA 3HepronotpebneHna Ha 50 %. ABTOpbI
NOAYEPKMBAIKOT BAXKHOCTb Pa3pabOTKU MOJIMTUK U (PMHAHCOBbLIX MEXAHU3MOB, TaKMX
Kak KapboHoBble opceTbl, 419 CTUMYJIMPOBAHMA MOAEPHM3ALMM 3AaHUN.

BbiBoAbl M3 pPaCcCMOTPEHHOM J/iMTepaTypbl MOATBEP)KAAT aKTyasIbHOCTb
MOBbILEHUS 3HEPro3dEKTUBHOCTM KUAbIX 3AaHMM B KasaxctaHe. OCHOBHble
PEKOMEHAAUMM BKIKOYAKOT: BHEApPEHME SKOHOMMYECKM OMpaBAaHHbIX CTaHAApTOB
TENN0BOM M30/1ALUMM; MOAEPHM3ALMIO CYLLECTBYIOLWEro Xuaoro ¢oHaa C y4yeTom
MECTHBIX KJIMMaTUMYECKUX YCJIOBUM; pa3paboTKy CTUMYJIMPYIOLWMX Mep AN
NPMBNEYEHUS MHBECTUMLUMM.  ITM PpaboTbl MOAAEPKMBAOT K/OYEBbLIE aCMEKTbI
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HACTOALWEN CTaTbM, MOAYEPKMBASA CBA3b MEXAY HM3KMMM LIEHAaMWM Ha SHEpruio M
HeAOoCTaTOYHOM MOTMBALMEM K SHEProMOAEepHM3aLMM, YTO [OCTATOYHO MOAPOGHO
PACCMOTPEHO B CTATbe HUKE Ha MPUMEPE NUJIOTHBIX NMPOEKTOB, B peasiM3aLmm KOTOpbIX
NMPUHMMAJT yyacTHMe cam aBTop. TaKKe, OTMETUM, UYTO CPaBHEHWE CTAaTMCTUYECKMX
JIaHHbIX M0 SHEPronoTpe6/IeHMIo 34aHUM, MPeACTaB/IEHHbIX B NYGMKALMAX MOCNEAHMX
3-4 net, ¢ paHHbiMM 10-12-neTHenM AaBHOCTM (B Mepuoj aKTMBHOM peanmnsaumm
MUJIOTHbIX MPOEKTOB), MOKa3bIBAET, YTO CUTYALMA C SHEPro3(PPEKTUBHOCTbIO B CTPAHE
CYLLECTBEHHO HE M3MEHMIACb. ITO NO3BO/IIET 060CHOBAHHO MCMOJIb30BaTb B AAHHOM
MccneaoBaHMKM 601ee paHHME AaHHbIE, KOTOPbIE OCTAOTCA aKTyasIbHbIMU U AOCTYMHbI
N9 aHam3a.

3. MoTpebaeHne 3HEeprumn B ceKTope Xubix 3g4aHMM KasaxcraHa

bonbwas 4actb XKMAMWHOro poHaa B KaszaxCTaHCKMX ropojax npeacraB/ieHa
MHOrO3TaXHbIMM  JOMaMM, 0BeCnevYeHHbIMKM  LieHTpPasIM30BaHHbIM  OTOMJIEHUEM
M INEKTPOCHAOKEHMEM, BO3BEAEHHbIMM M3 KMPNUYa, MNaHENbHbIX M GJIOYHbIX
KOHCTPYKLUMM, a TaKXKe M3 KeNe3ob6eToHHOro MoHoamta (O XuauwHom doHze,
2022). C KaabiM roaomM TaKuMe 34aHMA Bce 6oJiblue yCTapeBalT, 4YTO Aenaet
HEeo6X0ANMMbBIM MPOM3BOAUTL MX PEMOHT M TEPMOMOLEPHM3AUMIO ANA MOBbIWEHUA
3HeproadEKTUBHOCTM.

MNpasutenscteo PK B 2011 roay yrtBepauno [lporpammy MoAepHMU3aummn
XUNNLLHO-KOMMYHa/IbHOrO Xxo3siMcTBa Pecny6amkn KasaxctaH Ha 2011-2020 roapi
OJHOM M3 3aJa4 KOTOPOM, 6bi7I0 NpoBeaeHMe peMoHToB MK/ He meHee yeM B 10 %
XKWUAbIX 34aHUM, TPEBYIOLLMX peMOoHTa. Mporpamma prHaHcHpoBanach lMpaBUTENbLCTBOM
PK Ha BO3BpaTHOM OCHOBE (XKWMTE/IM BO3Bpalla/iM GECMNPOLEHTHbIE KpeauTbl B CPOK
[0 7 neT 3a MepPOnpUATUA KOTOpbIE OblJIN BbIMOJIHEHbI B 34aHUAX YNOJIHOMOYEHHbBIMM
CTPOUTENIbHbIMM OpraHM3auMAMM, MOAKOHTPOJIbHbIE aKMMaTam ropoAoB U ob6acTen
(MecTHasa agMUHUCTpauMA).

Bnarogaps ycunusam MexayHapoAHbIX OpraHu3aumii, peasmsyrowmx B To BpeMS
MUNIOTHbIE MpPOEKTbl, B yacTtHocTu, MMPOOH, yganocb BKAUMTbL B 3Ty [lporpammy
MEPONPUATMUA MO TEPMOMOAEPHM3ALMM KUAbIX 34aHWA B KayecTBe 06sA3aTe/IbHOM
Mepbl NpY NpoOBEAEHMM KanuTaibHbIX peMOHTOB B 3aaHuAX (Panchenko N., Olshanskaya
M., Goruynova Il., Belyy A., 2013). OcHOBaHMEM A/18 TAKOro peLUEHMS MOCAYKMAN
3HEeproayamTbl B *KMbIX MHOIMOKBApPTUPHbIX AOMaX, MpOBeAEHHble rocyaapCTBOM M
NPOEKTaMM MEXKAYHAPOAHbIX OpraHM3aumMi BO BCEX PErmoHax CTpaHbl.

3T 3HeproayauTbl MOKasa/M 3HauMTe/IbHbIM YJE/bHbIM pacxos Tenja
B 3/JaHMAX, KOTOPbIM B CPEJHEM COCTaBMA OKOJI0 216-240 KBT-4/M? B roa (ansa
CPaBHEHMSA: B €BPONENCKMX CTpaHax - 82-130 KBT-4/M? B roa). Ha pucyHKe 2 HukKe
Ha OCHOBE JlaHHbIX NpoBeAéHHbIX 3HeproayamtoB B 2012-2013 rr. aBTOPOM MOKa3aHbl
CBO/IHbIE MO PErMOHAaM CTPaHbl 3HAYEHUSA OTKJIOHEHMM (B %) (DaKTUYECKOro ye/IbHOro
pacxoza Tensj0BoM 3HEprmm, NoTPe6ASEMOM Ha HYKHbl OTOMJIEHMA, OT TPEGYEMOro no
CTPOMTE/IbBHOMY HOPMATMBY (AEMCTBOBABLUEMY Ha TOT NMEPUOA BPEMEHM).
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Puc. 2. OTknoHeHue (%) hakTMYEeCKOro yaesibHOro SHepronoTpetieHms
J/19 OTOMJIEHMA }KMJIbIX MHOTOKBAPTMPHbIX 3[1JaHMIM OT HOPMATUBHOIO MO
pernmoHam KaszaxcrtaHa - COCTaB/IEHO aBTOPOM Ha OCHOBE OMy6/IMKOBaHHbIX
JlaHHbIX 3HEProayamToB.

Kak BMAHO M3 pUCYHKa 2, 3HepronoTpebsieHMe (Ha OTOMJIeHME) MNpeBbIaeT
MWHUMaJIbHbIE Tpe6OBaHUA HOPMaTMBa BO BCEX permoHax Ha 43-109 %. Hambonblime
3HAYEeHMA OTK/IOHEHUM XapaKTePHbI 411 KpaMHUX CEBEPHOr0, BOCTOMHOMO M 3anaHoro
pernoHoB KasaxcTaHa. B 3TWX pervoHax yaesbHoe noTpebeHne TENI0BOM SHEPrUm
Hambosbwee u coctaBnsaet 338, 284 1 250 kKBT*4/M? rog - MeTponaenoBck, OcKeMeH
u Opan -COOTBETCTBEHHO. BbiCOKME 3HayeHWsi NoTpe6ieHUs TEMJIOBOM SHEPrUU B
MHOIOKBapTUPHBIX UJIbIX JOMaxX OTMEYAIOTCA U Ha tore, (B I. AiimaTbl - 136 KBT-u/m?
B rog (npesbiweHue 58 % No OTHOLWEHMI0O K HOPMATMBHOMY)), B . Tapas - 142 KBT-4/
M? B rog (npeBsblweHne Ha 56 %), AKTay - 126 KBT-4/M? B rog (npeBbieHne Ha 78 %).

KecTkmMe 3MMHME YyCnoBMA, oOxBaTbiBalowWwMe 60/blWy 4YacTb KasaxcTaHa,
a Takxe A/IMTeJIbHOe TenJioe U Cyxoe JIeTO B HXHbIX, LEHTPasibHbIX M 3anafHbIX
pernoHax, TpebyrT 3Ha4YMTE/IbHOr0 UCMO/Ib30BaHUA TENI0BOM SHEPrUM ANA 060rpeBa
3[aHMI B XOJIOAHOE BPEMA roZla U 3/IEKTPOSHEPTUM ANA UX OXNAXKAEHUA B IETHUE
Mecsilbl. B 3TOM NpWYMHbI BbICOKOrO MOTPEGNEHUS TEMJIOBOM WM DJIEKTPUYECKOM
3Hepruu B ropogax KasaxcraHe.

B nepuog c 2011 no 2017 roabl, 6narogapsa cotpyaHuyecTtsy npoektos NMPOOH-
PO u Mpasutensctea Pecnybankn KasaxctaH, Obl/10 BbIMOJIHEHO 3HEPreTUYECKoe
o6CcnefoBaHUE CEPUM MHOMOKBApPTUPHbLIX AOMOB B Pa3/IMYHbIX HaCeNeHHbIX MyHKTax
CTpaHbl. JlaHHble O MNOTPEGNEHMM SHEPTrUM STUMM 34AHMSAMM OblIM COOpaHbl U
npeacTtasneHbl B Tabamue 1.
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Ta6nmua 1. Konmyectso Tenna (KBt/4yac Ha 1 M%), HEOGX0AMMOIrO AN
otonneHua B M)XK/ B pas/iMyHbIX HaceNEHHbIX MyHKTax Ka3axcraHa B
COMOCTaB/IEHUN C JEMUCTBYIOLWMMM CTPOUTE/IbHBIMM TPEBGOBAHMAMM
(LpekeHbax, benbin, 2022)
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1 9 x/6 1988 KaparaHaa 230 142 38 E
naHe b

2 4 x/6 1969 Anmarsbl 264 97 63 E
naHe b

3 5 K1pnuy AcTaHa 266 168 37
4 3 K1pnuy 1959 KaparaHaa 290 166 43

5 5 x/6 1971 AcTaHa 212 168 21 D
naHe b

6 5 x/6 1971 AcTaHa 184 168 9 D
naHe b

7 5 x/6 1971 AcTaHa 211 168 20 D
naHe b

8 5 */6 1971 AcTaHa 209 168 20 D
naHe b

9 5 x/6 1971 AcTaHa 198 168 15 D
naHe b

10 5 x/6 1987 Temuptay 235 160 32 E
naHe b

Tabsuya cocmassieHa asmopomM Ha ocHose uHgopmauyuu, npedcmasseHHol 8 pabomax
(benwil u dp., 2013; Belyy u dp., 2013).

MpeacTaBneHHble  Bbiwe  pe3ynbTatbl  CBMAETENbCTBYIOT O  BbICOKOM
SHEpronoTpedbaeHUMN B XKMJIbIX MHOIOKBapTUPHbIX AoMax Ka3axcTaHa (faxke B OXKHbIX
ropojax), YTo 06bACHAETCA cneayowmnMn dakTopamm.

Bo-nepBbiX, 3TO TEXHMYECKOE COCTOAHME CYLEeCTBYHOLWEro Xunoro ¢oHAa
(NpeAae BCEro COCTOSIHUE OrparkAaoLmX KOHCTPYKLUMM 34aHUM, KPOBAM, NOABa/IOB M
MHXXEHEPHbIX CUCTEM 3JaHMM). B npowwsiom AoMa, nocTpoeHHble Ao 1990-2000 rr., Kak
6bl10 MOKa3aHOo Bbllwe, He OTMYATCA dHEProddEKTUBHOCTbIO, OHU HE AOCTAaTOYHO
yTenneHbl. KpoMeaToro, soMa 4 IMTe/IbHoe BpeMAHE PEMOHTUPOBAIUCh, BOONbLUMHCTBE
AOMOB CMCTEMbl OTOMJIEHUA, FropAYero BOAOCHAOXXEHMA, KaHa/M3auuu, OCBELLEHMSA
TPebylT KanuMTanbHOro peMoHTa. B nogaendAwowem 60/bLIMHCTBE 06C/NeA0BaHHbIX
XWUAbIX [OMOB He 6blI0 KanuTa/lbHOrO PEMOHTA KPOB/IM C MOMEHTa MOCTPOMKM
34aHMA. IMerTCA 3HaUnTeIbHbIe NOBPEXAEHNA KPOBE/IbHOr0 NOKPbITUA. HeKoTopble
BEHTUNIALUMOHHDBIE LIAXTbl pa3pylleHbl. B pa3pylueHHbIX BblBOAAX BEHTMAALMOHHbIX
KOJIOALEB CKanIMBaeTCs MyCOpP, KOTOPbIM 3aTPyAHSET BO34YXOO0O6MEH MOMELLEHUH,
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0CO6€EHHO B TEM/bIM CE30H. 3aHUA, UMEIOLLME HanbosbluMe NPo6aeMbl OTHOCATCS,
KaK MpaBW/I0, K KPYMHOMAHE/IbHbIM, B KOTOPbIX MEXMNaHe/ibHbl€ LWBbl Pa3oW/IUCh U
TPEOYIOT 3a4€KMN 1 yTenneHua. Kak nokasana npoBeaeHHas TENI0BM3MOHHASA CbEMKaA
0O6BEKTOB, NOTEPU TEMJIA YEPE3 OrparkAaloLmMe KOHCTPYKLMMU 3HAYMUTEbHDI.

Bo-BTOpbIX, B  6GO/NbLIMHCTBE 3/aHWMMA  OTCYTCTBYET aBTOMATM4YeCKoe
perysiMpoBaHue TenaoBoro notoka (ATI) Ha oTonneHMM u ropavyem BOAOCHAOKEHMM,
YTO MCK/OYAeT BO3MOMHOCTb 3KOHOMHOIO PacxO0AOBaHWS TEMJIOBOM 3HEPIruM,
OCOGEHHO B MepexoAHble Ce30Hbl roga. Takxe npumepHo 90 % ycTaHOBAEHHbIX B
noagbesaax CBETUJ/IbHMKOB - SHEPro3aTpaTHOro yCTapeBLLEro Tuna, Yto obyciaBinBaeT
GO/IbLIOM PACcXoj 3/IEKTPO3HEPrMM HA OCBELLEHME MeCT O06LIero mnoJib30BaHMA.
PacnpegenvtenbHble WKTbl 3IEKTPOCHAOKEHMA HAX0AATCA B HEYAOB/IETBOPUTE/ILHOM
COCTOAHUM.

B-TpeTbMx, 3TO CNOXKMBLLAACA CUCTEMA YNPABJIEHMUA U 0OCTYKUBAHMSA KMJIbIMU
MHOIOKBapTUPHbIMM 34aHMAMU. JosIroe BpeMsa (B COBETCKUM NEpPUOA) COAEPKAHMEM
XWNbIX MHOrOKBapTUPHbIX AOMOB 3aHMMAJIOCb OCYAapCTBO, XWUTE/IM He Oblin
COOGCTBEHHWKAMM CBOMX KBAPTMP M HE HEC/IM NOJIHOe GpeMA pacxXoA0B Ha 3TU LENU.
Mocne npmBaTU3aumMM Kb B 90-X . NPOLLJIOro BEKa KJ1laCC COOCTBEHHUKOB KMbA
B CTPaHe TaK A0 KOHUA M He CNoXunca. Jliogmu Mano 3aboTATCA O COCTOAHMM OOLUMX
UHXXEHEPHbIX KOMMYHMUKaLMK A0Ma, He MPUBBLIKAM BKNAJblBaTb CBOM COGCTBEHHbIE
cpeactBa Ana 3TMX uenerd. 06 3TOM CBMUAETENbCTBYIOT TAKXKE MpPOBEAEHHbIE C
y4yacTMEM aBTOpa COLMOIOrMYECKME UCCNIeJOBaHMA BO BpeMA peanmnsaumm NUA0THbIX
JIEMOHCTPaLMOHHbIX npoeKkToB (benbit 1 ap., 2014). Cuctema, ob6A3bIBaOLWAS 3TO
AenaTb M B HacTosLee BpeMA A0 KOHLA He NpoAyMaHa 1 He npopaboTaHa. B pesyabTtate
MHOIOKBapTUpPHbIE 0Ma MpPOAO/IKAKT yCTapeBaTb M ewe 60/iblie MOBbIWAETCA MX
3HepronoTpebaeHme.

Bnpoyem, nepeyncsieHHble NMPUYMHBI BbICOKOM SHEPrOEMKOCTM CEKTOPA KMUJbIX
34aHMK KasaxcTaHa xapaKTepHbl U Aas ApYrMx CTpPaH pPeruoHa, coceaem U CTpaH C
MOXOXeM 3KOHOMMKOM, YTO OTPaXKEHO B psaae paboT (BbiTumKoB U Ap., 2014; Sarbaeva
et al., 2021; Zhigulina et al., 2020 u agp.).

4. BO3MOXXHOCTU CHUXKEHMUA 3Hepron0Tpe6neHm| B *XMAUWHOM ceKTope Kasax-
CTaHa

B pamkax «lporpammbl mogepHm3aumm KKX Ha 2011-2020» 1 napannesibHbIX -
npuHATbIX MpaBUTENLCTBOM pOrpamMm, a TakKe NMAOTHbIX MPOEKTOB, NoAAEePrKaHHbIX
pa3IMYHbIMK AOHOpaMMK, TakuMu Kak MNPOOH, M®, USAID, EBPP ap. ¢ 2011 roga B
XUNoM ¢oHAe CTpaHbl NPOBOAU/IMCE PEMOHTHbIE paboTbl pa3HOro YpoBHA. AHasM3
U MOHMUTOPMHI  MPOBEAEHHbIX PEMOHTHbIX PabOT MOKa3blBaeT, YTO B KOMIJIEKCE
MOJHO MOJy4YnTb 3KOHOMMIO OT 20 ao 40 % TennonoTpebaeHua Ha OAHOM 34aHUM.
Takue npoeKTbl, BbIMNOJIHEHHbIE B pa3HbiX permMoHax KasaxcTaHa, Obl/in HarnpaBAEHbI
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B OCHOBHOM Ha NW/IOTUPOBAHME CNEAYIOWMX TEXHUYECKUX PELLEHMI: MOAEPHU3ALUMA
CUCTEMbl TenaonoTpebneHnsa M ropAYero BOAOCHAGXKEHMA MNyTeM YCTaHOBKM
ABTOMATM3MPOBAHHbIX TennoBblX MyHKTOB (ATI); noBbllWEHWE TEpPMMYECKOro
COMPOTMB/IEHUS OrpaKAaloLWMX KOHCTPYKUMM 34aHUM NyTEM repmeTM3aumm U
PEMOHTA MEXMNaHesbHbIX WBOB Ha (acasax, KpoB/aM, MOABAJIOB 3JaHWM, 3aMEHb!
OKOH U J1BEpPEN Ha 3HEeprocbeperawLlme B MECTAX 06LLErO NOJIb30BaHUSA; BHEAPEHME
M NMUMNOTUPOBaHME UMGPOBLIX NNAaTHOPM A8 MOHUTOPUHIra 3HEPronoTpe6/ieHMs U
pPAA4 Apyrux. Pe3ynbTaTbl peasiM30BaHHbIX MUIOTHBIX AEMOHCTPALMOHHBIX MPOEKTOB B
KasaxcTtaHe npuBeaeHbl B pabotax (Belyy u ap., 2013; benbint u ap., 2014). Huxe B
Tab/mue 2 noKasaH CBOJ OCHOBHbIX pe3y/ibTaTOB HEKOTOPbIX peasIM30BaHHbIX NUJIOTOB,
B TOM YMC/ie pe3ybTaTbl NPOBEAEHHOMO MOHUTOPMHIA TENIONOTPE6IEHUA.

Tabamuya 2. OueHKa pe3y/IbTaTUMBHOCTM peasiM30BaHHbIX MUIOTHBIX
AEMOHCTPALMOHHbIX MPOEKTOB MO MOBbILEHMIO 3HEPro3dPEKTUBHOCTH
¥WUNbIX 3aHMM B ropojax KasaxcTtaHa

Bknag CHuKeHne notpebneHns CyMMapHasa 3KOHOMMSA
Mepropa MEPONpUATUIA B TENNO3HEPTUM HA HYXAbI JeHeXHbIX CpeaCcTB Mo onnaTe
MOHMTOPUHra pe3synbTat OTOMJIEHUA 32 OTOMMUTE/IbHBIM 3a NOTPe6GIeHHYI0 TEMNJI0BYHO
CEe30H 3Hepruio 3a 1 KaneHAapHbIM rog
Mkan % JAonnap CLLA* %
06bekT: ropog KaparaHaa, 9-TW 3TaxkHbIM NaHebHbIM oM, 1985 r. MOCTPOMKM
2010-2016 rr. | ATN, KpoBns, 248,1 34,9 3062,0 41,5
OKHa, ABepM,
dacag
06beKT: ropog KaparaHaa, 3-X aTaxHbIM KMPNUYHbIM A0M 1965 . MOCTPOMKM
2011-2013 rr. | ATN, dacag, 133,9 32 344,7 15,6
OKHa, KpoB/A

06beKT: ropog KaparaHga, 9-T 3TaxKHbIM KMPMIMYHBIM KMIOM A0M, 1979 r. NOCTPOMKM

2010-2012 rr. | ATI | 30367 | 32,3 | 18524 | 308

O6beKT: ropof, AIMaThl, 4-X 3TaKHbIM NaHesbHbIM A0M 1969 . NOCTPOMKU

2011-2013 rr. | ATI | 11,4 | 28,6 | 31838 [ 415

06beKT: ropos TemupTay, 5-TU 3TaxKkHbIM NaHebHbIM A0M 1987 . MOCTPOMKM

2019-2020 rr. | AT, KpoBns, 348,52 45 2036,2 40,5
OKHa, (acag,
noasan,
MHXKEHepHble
ceTu,
ocBellleHue

061beKT: ropog AcTaHa, 5-TW 3TaXKHbIM NaHENbHbIM AoM 1974 . NOCTPOMKK

2020-2022 rr. | AT, kpoBns, 250 35 3192 29
OKHa, dacag,
noasan,
UH}KEHepHble
ceTu,
ocBellleHue

*CyMMbI 3KOHOMUU Noka3saHbl 8 dosapax CLUA no Kypcy «doanap K meHze»

Ha 1 urona 2021 e.
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Kak BUMAHO M3 NpUBEAEHHDbIX AAHHbIX, MPOLEHT 3KOHOMMM TEMJIOSHEPTUM MpU
peannsaumm pasiMyHbIX MEPONpPHUATUIA HaxoaMTca B MHTepBane oT 28 Ao 45 % 3a
OTONUTENbHBIM C€30H. PasHbIM YPOBEHb SKOHOMMM 06BACHSAETCA Pa3HbIM COCTOSTHUEM
3[1JaHMM, NOCTPOEHHbIM B pasHble roAbl, Pa3HbiIMM TUMAMM MNPUMEHSBLUMXCA MpU
CTPOMTENIbCTBE TEXHOIOTUM U PELLEHMIA U, CNeA0BaTe/IbHO, Pa3HbIMU TEMJIOBbIMM
NoTepsMMU, a TaKKe pasHbIMU TEXHUYECKUMM PELUEHMSAMMU, MPUMEHEHHBIMMU MNPU
TEPMOMO/IEPHM3ALMM 34aHUI B paMKaX MMJIOTHbIX MPOEKTOB. DTOT BbIBOA COracyeTcs,
B YaCTHOCTM, C BbIBOAAMM, U3/IOKEHHBIMU B pAZe Ny6aMKauMM, Hanpumep B (Sumarac
n ap., 2010; Filippidou m gp., 2016). lMpn 3TOM, KaK U3BECTHO, NMPOLEHT 3KOHOMMMU
Tensaa 3HaunTeIbHO BO3pacTaeT Npu NOBbILLEHUM KOMMIEKCHOCTU TEPMOMOAEPHM3aLUM
3[J@aHUN, T.€. COBMECTHOIO BbIMNO/IHEHUS MEpP MO MHXEHEPHbIM CUCTEMaAM M
orpa*kAaloLmMM KOHCTPYKUMAM 34aHMSA, YTO NOATBEPKAAETCA COOCTBEHHBbIMMU AaHHbIMM
aBTOPa, U3N0XKEHHbIMK B paboTte (benbit 1 ap., 2014).

BarkHbIM 3amMeydyaHMeM, KOTOpOoe X04eTCsA OTMEeTMUTb 34ecb - B KasaxctaHe Ao
CMX NOP OTCYTCTBYIOT MMIOTHbIE NPOEKTbI, KOTOPbIE€ MOI/IM Obl MPOAEMOHCTPUPOBATL
3DdEKTUBHOCTb CMJIOWHOIO yTennaeHma dacaga Xunoro 3aaHus. [lepBble Takue
NPOEKTbl 6blM BbiNOJIHEHDI ewe B 2012 rogy B r. AKTobe, ogHaKO, AOCTOBEPHOCTb
MOHMUTOPUHIa AaHHbIX MPOEKTOB Bbi3blIBAET COMHEHUE B pe3y/ibTaTe 3aBbILLEHHOrO Mo
MHEHMIO aBTOpa MpoLEeHTa NoJly4eHHOW 3KOHOMMM (90 %). Apyro nMaoT - HECKOJIbKO
JIeT Ha3aj no TUMy «MOKpbIM dacaa» 6bln yTenneH MHOrOKBAPTMPHbIM XU/I0M OM B
AcTaHe. YTenieHue npoAeMOHCTPMPOBaIo Xopowmi 3hEKT, HO 34aHME Ha KOTOPOM
Obl1 peasiM30oBaH MUJOT - 3TO HOBOE 34aHMe, NOCTPOeHHOe Bcero 5 net Hasag M
TaM YK€ NPUMEHEHbI MHOTME 3HEPro3ddEKTUBHbIE PELLEHUA, TaK YTO OnpeaeuTb
3OdEKTUBHOCTL Mep MO CMJ/IOWHOMY YyTenneHmioo dacaga Ana CylwecTBYWero
Xunoro ¢oHAa Ha NpUMMEpe AaHHOro NPoeKTa He NpeACTaBASEeTCS KOPPEKTHbIM. Ha
CTapbiX }MJbIX 34aHMAX (40 1990 roga NOCTPOMKKM) MEPbI MO CRJIOWHOMY YTEMNNIEHUIO
¢dacaga B KasaxctaHe Ao cux nop He NPOBOAUIUCH M HE OLEHUBAAMCb. B 3ToM cBA3M
fanee 6yaem roBopuTb TOJIbKO O YAaCTMYHOM MoaepHu3aumm dacaga - a MMEHHO
repMeTU3aumm M peMOHTaM MeXKMNaHe IbHbIX LBOB 34aHMM.

Ha ocHoBe pe3ynbTaToB paHee peasiM30BaHHbIX MUAOTHbIX MPOEKTOB B
KasaxctaHe (Belyy v ap., 2013; benbit n ap., 2014), aBTOpOM 6blIM pacCUMTaHbl
BK/1aZibl OTAE/IbHbIX PeaJIM30BaHHbIX TEXHUYECKUX MEPONPHUATUI B 06LLIEE COKPALLEHUE
3HepronoTpebsieHMa TUMNOBOFO MHOMOKBAPTMPHOIO Moro 34aHua (5 3TaxeM,
KpynHomnaHesibHoro Tuna ¢ 80-Tbto KBapTUpamm). Hanbonbwmi 3bdeKT (CyMMapHO A0
75 %) patoT MeponpuATUA B NogBane 34aHuA (MOAepHM3aLMA OTOMNJIEHUA, yTENNeHue
MHYKEHEPHbIX KOMMYHMKAaLMM, NEPEKPbITUS NO/BaNa), a TAKKE MEPONPUATUS Ha KPOB/E
- ee yTennenue n ruapomsonauma (19 %). Apyrme meponpmuatnsa meHee 3pOEKTUBHDI,
MX BKNag coctaBnseTt ot 1 o 4 %. TeM He MeHee, 3TU MeponpuUATUA HEOOGXOAUMbI
ANA COo34aHMs TenaoBoro Komdopta BHYTPM MOMELLEHMA M ICTETUYECKOrO BMAa
MOZEePHM3MPOBAHHOIO 34aHMA.
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BbinoNHEHME  TaKOM  KOMMJIEKCHOM  paboTbl C  LUENb0  CHUKEHUS
3HepronoTpebieHns HaTa/IKMBAETCA Ha CEpbEe3HOE NPENATCTBUE B BUAE NOTpEGHOCTEN
B 3HAYMTE/IbHbIX MHBeCcTMUMAX. Huke (puc. 3) npuBeaeH COCTABIEHHOM aBTOPOM
rpadpMK 3aBUCUMOCTM JOCTUIHYTOM BEMYMHbI SHEProcHEepeKeHMA B KUIOM 34aHUU
OT YPOBHSI MHBECTULMIM B HErO (M3 pacyéTa Ha 1 M? NJoLWaAM KBApTUP), TpebyeMbIX
ANA  BbINOJIHEHMA TEPMOMOAEPHMU3ALMN. 3aBUCMMOCTMU, NPeACTaBJ/IEHHbIE HUXKeE,
onpegeneHbl N0 UTOraM peanusauymm NUAOTHLIX NPoeKToB B Ka3axcTaHe (CyMmapHO
6bl1210 0XBa4Y€HO aHaNM30M 10 NMMAOTHBIX NPOEKTOB).

Kak BMaHO Ha rpadwuKe, Hanbonee 3aTtpaTHbiIMM meponpuatuamu (8,5-10
USD/M?), pawowmmu HesHauuTenbHbiM 3ddekT (1,5-2 %) aBnswTCcs repmeTusaums
MEKMaHe/IbHbIX LIBOB M 0GYCTPOMCTBO HEOTAM/IMBAEMbIX 3aKPbITbIX MPOCTPAHCTB Ha
6anKoHax (ocTekneHue). Takke AOCTAaTOYHO 3aTpaTeH PEMOHT KpoBau 3aaHMa (9,5
USD/M?), HO 3(pheKT OT HEro 3HaumTesIbHO 60sblie (23 %).

MpoBeaeHUE BbILLEYNOMAHYTbIX MEPONPUATMM B MOAOGHbIX TUMAX *KUbIX JOMOB
NPMBOAMT K YBEMYEHUIO dHEProdddEKTUBHOCTU A0 ypoBHA "C" - "HOPMasbHbIM" B
COOTBETCTBUM C TEKYLLMMMU CTPOUTEIbHBIMM HOpMaMK KaszaxcTtaHa (lFocyaapCTBeHHbIe
HOpMaTMBbI..., 2015). OCHOBHbIE pacxoAbl HaNPaB/IAKTCA HA PEMOHT KpbiwK, dacaga
N MHXKEHEPHBIX KOMMYHMKALMM B XKMJIOM 34aHUK. O6LLan CyMMa TpebyeMbIX BJIOXKEHUM
coctaBnseT 6onee 69 MMIIMOHOB TEHre Ha Kaxaoe 34aHue (npubamsmtesibHo 162
ToicA4M gonnapos CLUA no Kypcy Ha vonb 2021 roga). YumTtbiBad, YTO B TAKOM JOMe
06bI4HO pacnonaraetca 80 KBapTMp, KaxKAOMY COGCTBEHHMKY KBapTUpPbl HE06X0AMMO
BJIOXKMTb B PEMOHT 3JaHuUA CBbiwe 2 Tbicav goasapos CLUA.

MpU 3TOM 3KOHOMMYECKMM 3DMEKT OT KOMMIEKCHOM TEPMOMOAEPHU3ALMM
COCTaB/IAET BCEro HEMHOrMM 6osiee 1,3 M/IH. TEHre 3a roj Ha Bce 3aaHue. NoHATHO,
YTO Jarke NMPOCTOM CPOK OKYMAaeMOCTU STUX MEPOMNPUATUI MPEBbLILIAET BCE pasyMHble
npeaensl (6onee 50 net). MNOHATHO, YTO Takasa cMTyauua OOYyC/I0BAEHA AOCTATOYHO
HU3KMMK TapudaMm Ha dHepruio B KasaxctaHe: B KayecTBe NpMmepa OTMETUM, YTO
cToMMocCTb 1 MKan TennoBoM s3Heprmm B AcTaHe cocTaBuaa Ha Havasno 2023 r. 2,4 Tbic.
TeHre (okono 5 gonnapos CLIA), yto B 10 pa3 MeHblle, YeM, HanpuMep, B CTpaHax
EBponbl.
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Puc. 3. 3aBUCMMOCTb AOCTUIHYTOM BENIMUYMHBI SHEprocbepexkeHma (%) B
XUNOM 34aHMM OT ypoBHA MHBeCcTUUMM (USD/1 KB. M), TpebyemMbix Ans
BbINOJIHEHMA OTAE/IbHbIX MEPONPUATUA MO TEPMOMOAEPHM3ALMM KUIOTO
34aHMA. 1 - 3aMeHa CBETMJIbHMKOB B NoAbe3dax U ApYroro AeXypHoro
OCBeLeHUA; 2 - 3aMmeHa BXOAHbIX Fpynn B nogbe3dax (Tensibie TaMoypbl);
3 - 3aMeHa CBeTOnpo3payHbIX KOHCTPYKLUMKM B Noabesaax; 4 - YrenneHue
nogsana; 5 - PEMOHT 1 repmeTmsauma MexnaHenbHbIX WBOB Ha dacaje;
6 - MoHTaxX ABTOMATM3MPOBAHHOIO TEMJIONYHKTA C 3aMEHOM CUCTEMDI
pasBogAwmMx Tpyo6onpoBoaoB otonneHna M BC (ropsyas Boga) no
noagany 3aaHusa; 7 - F’nMapounsonsaums U yTenaeHme KpoBesibHOM CUCTEMb;
8 - OcTtekneHune 6asIKOHOB.

5. ZJ0CTYNHOCTb YC/Iyr N0 TEPMOMOAEPHMU3ALMM JOMOB B YCJIOBUAX HU3KMX LIEH Ha
3HEeproHocuTeNm

B cBA3M C BbILWEN3NOKEHHBIM CNpaBea/IMB BONPOC O AOCTYNHOCTU NOTPEdUTENAM
B KasaxctaHe pacxofoB Ha TEPMOMOJEPHM3AUMIO XWUJIbA CErogHA. BHavane
NpoaHanu3mMpyeM M3 Yero COCTOAT pacxofbl HA KOMMYHaJslbHble ycayru. Ana 3T1oro
6bl/IM NpOaHaNM3MpoBaHbl AaHHble 3a 2021-2022 rr. ana 1500 AOMOX03AMCTB B TpPeEX
ropogax KasaxctaHa - ActaHa, AiimaTbl M ATblpay. B KauecTBe MCXOAHbIX AaHHbIX Oblsn
MCMOJIb30BaHbl KOMMYHaJ/IbHble cyeTa (KBMTaHUMM) 3a YMJIaYEHHblE KOMMYHaJIbHble
YC/NYIU KaK B OTOMMTE/IbHbIM, TaK M B HEOTOMMTE/bHbIM NEPMOAblI roja B KBapTUpax
MHOIr03TaXKHbIX *XM/bIX AOMOB.
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B uccneagyembix [OMOXO03SIMCTBAX 6bl/la MpoOaHa/IM3MpoOBaHa CTPYKTypa
KOMMYHA/IbHbIX MaTEXEN, U 0COB60e BHMMAHMWE yAenseTcsa 3aTpaTam Ha OTomnJieHue
n 'BC. ITO 06BACHAETCA TEM, YTO MMEHHO 3aTpaTbl Ha TEMJIOSHEPIUI0 ONpeaenstoT
KNacc 3HeproaddeKTMBHOCTM 34aHMM B KasaxcTaHe, COrJacHO /JeMCTBYHOLMM
CTPOMTENIbHBIM HOPMaM M npaBunam. CTOMT OTMETMTb, 4TO XMTenn KasaxcTaHa
OnJ1Ia4yMBalOT OTOMJIEHME NULLb B NEPUOL C CEPEAMHBI OKTAOPA A0 cepeanHbl anpens,
YTO COOTBETCTBYET NPOAO/IKUTENIbHOCTU OTOMMTENIbBHOrO CE30HA B CTPaHe.

Mcxoas M3 npoBeAeHHOro aHanu3a, 6blo ycTtaHoBsieHo (bBenbin, 2022),
4yTO B NEpuoj OTOMUTENbHOrO Ce30Ha A0NA 3aTpaT Ha OTOMJIEHME M ropsayee
BOAOCHabKeHue BapbupyeTca oT 25 % B AcTaHe Ao 40 % B AmMaTbl OT 06LLEN CYMMbI
KOMMYHa/IbHbIX NiatexXen. BHe 3Toro cesoHa pacxojpbl Ha ropsiyee BOJOCHAbXKeHUe
COCTaB/IAT NUWb 3-5 % OT KOMMYyHanbHOro 6roaxeTta. Korga yumTtbiBaloTCA 3aTpaTbl
Ha OTON/IEHME, ropAvee BOAOCHAOKEHME 1 INEKTPUYECTBO, OHM 3aHMMALOT OT 34 % A0
50 % KOMMyHanbHOro 6loAXKeTa B X0/104Hble MecsLbl U He 6onee 35 % B Tenble.

/lna aHanu3a (pUHAHCOBOM HArpysku, CBA3AHHOM C OMIATOM KOMMYHAJIbHbIX
YyCNYyr AOMOXO3AMCTBAMM, B TOM YMC/ie 3a TEMJIO, MCMO/Ib30BaJIMCb CTATUCTUYECKME
JlaHHblE O JI0XOAAX M pacxojax CemeMn, npeaocTaB/ieHHble HaumoHanbHbIM Bropo
CTATMCTMKKM 3a BTOpoM KBapTan 2021 roga. Mcxoas M3 cpeaHeMecs4YHbIX TpaT Ha
coAeprKaHUe I0Ma, BbISIBJIEHO, YTO B JIETHME MECSLbI 10/11 KOMMYHAJIbHbIX M1aTeXen
B Tpex ropoaax koneb6netcsa ot 7 go 10 npoyeHToB, a B 3MMHME MecAaubl — oT 11 go 13
NMPOLEHTOB OT 06LIero 6laxeTa JOMOX03AMCTBA.

ABTOpPOM 6blIN10 NPOBEAEHO MCCIeA0BAaHUE, B XO4E KOTOPOro onpeaesieHo, 4to
3aTpaTbl Ha TEMJIO3HEPIrMo 3aHKMMalOT oT 1,9 % Ao 3,6 % o6LMX MeCAYHbIX pacxoaoB
JIOMOXO035IMCTB B XOJIOAHbIM nepuoj roga. BHe otonuTenbHOro cesoHa, c anpens no
OKTAI6pb, 3T pacxoabl CHuxattca go 0,96 % B Atbipay 1 o 1,83 % B Anmartbl, 4TO
ABNAETCA BECbMa MaJIoM YacTbl roZ0BOro 6H4KeTa Ha KOMMYHaJ/lbHbIE YCAYTu.

CobpaHHble JaHHble YKasblBalOT Ha TO, 4YTO 3aTpaTbhl Ha TEMJIOSHEPrUIO
COCTaB/IAT /INLIb HE3HAYMTE/IbHYIO YaCTb PACXO/I0B Ka3axXCTAHCKUX JJOMOXO3SMCTB.
JTO TroBOpMT O TOM, 4TO MWHTEpPeC BAaAeNbLUEB KBapTUMP K MOBbILWEHMIO
3HeproaddOEKTMBHOCTU MX AOMOB, OCHOBAHHbIM UCKJIOYMTENIbHO Ha SKOHOMMUYECKOM
BbIroZle, Noka He npoAsafeTca. bo/bLMHCTBO I0AEN HE CKNOHHbI YAENATb BHUMAHUE
3HEprocoepeKeHUI0, NOCKO/IbKY TEKYLME pacxoAbl HAa OTOMJIEHWE HEBE/IMKU, B TO
BpeMA Kak 3aTpaTbl Ha peasiM3aumio Mep Mo CHUKEHMIO SHEPronoTpebieHNA OCTaloTCA
3HAYMUTENIbHBIMM.

B xoze uccnenoBaHmsa 6bi1 NPOBEAEH aHaIM3, KOTOPbIM NMO3BOJIM/I ONPEAE/UTD
NMPOLEHTHOE COOTHOLLUEHME OOLMX 3aTpaT Ha KOMMYHasibHble MJIATEXMU M paboThI
No TEPMOMOAEPHM3ALUM (C YYETOM BbINIAT MO KOMMEPYECKOMY KpeauTy) B 06LLEM
JI0X0A€ JOMOXO3ANCTB Pa3HbIX KaTEropui B HECKOJIbKMX FOpoiax CTPaHbl, pe3ybTaThbl
KOTOPOro npeacras/ieHbl B Tabsmue 3.
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Tabaunua 3. BeanumHa (%) o6wpmx pacxoA0B Ha XKUJIULHO-KOMMYHa/IbHble
YC/IyIT'M 1 NpoBeAeHWEe TEPMOMOAEPHM3AUMM Y Pa3/IMYHbIX KaTeropmi
Jflomoxo3anctB B KasaxctaHe (benbint, 2022)

Neo lopoa CpeaHecTaTucTH4YeCKoe /loMOX035MCTBO /l0MOXO035MCTBO C
ZOMOX035IMCTBO C AByMA OJHMM NEHCUOHEPOM
neHCHMoHepamM
AcTaHa 18,50 (8,12) 20,07 (9,94) 31,30 (19,88)
Anmartsl 18,64 (7,28) 22,95 (9,94) 35,40 (19,88)
3 ATtblpay 20,65 (8,13) 23,20 (9,94) 34,98 (19,88)
lNpumeyaHue:

B ckobkax nokasaHa 0019 3ampam Ha MmepmMomMooepHU3ayuU 30aHUS.

Pacyemsi 6b61/1u NpoBedeHbI:

. ¢ y4emom 30 %-020 COKpauwjeHus 3Hepauu Nocsie mepmMomodepHU3ayuu 30aHus;
. C Y4emoM pasHbIX aHHyumemHbix naamesxel 014 8038pama 83Smo20 6aHKOBCKO20

Kpeduma no cmaske 14 % 8 me4yeHue MakcumMasbHo 5 aem .

B pacyetax BKAOYEHbl TeKywue 3aTpaTbl Ha OCHOBHblE KOMMYHaJlbHble
YCAYyrn, a Takxe pacxofbl Mo 06CNyXMBaHMIO KOMMEPYECKOro KpeauTta, B3ATOrO B
KOMMepYeCcKoM 6aHKe no ctaBke 14 % rofoBblX Ha 5 NeT C yY4eTOM eXKeMeCAYHbIX
aHHYMTETHbIX naatexen. OYeBMAHO, YTO 3TU pacxobl COCTABAAIOT B CPeAHEM OT 16
% 0o 19 % nna ceMen c paboTalWMMK YieHamu, 6onee 20 % ans cemMen C ABYMS
neHcuoHepamu M 6onee 30 % AN ceEMeN C OAMHOKMMM MEeHCUoHepamu. [pu 3Tom
[ONA KpeauTa Ha TepMOMOZEpPHM3aUMI0 CoCTaBaAeT NpUbIM3UTENIbHO NOJIOBUHY OT
BCEX PaCcX0A0B AaHHbIX JOMOXO3AMCTB.

Be3sycnoBHo, Ans AOMOXO3AMCTB C MEHCMOHepaMM TpebyeTcsa noadepiKKa
rocygapctea B (OpMe YaCTMYHOM KOMMEHCauMM PpacxozoB, Harnpumep, 4epes
NpefoCTaBNEHUE KMUAMUWHOM nomMowmM. CTOMT OTMETUTb, YTO AN AOMOXO3SIMCTB
C paboTarWwyMM COOCTBEHHMKAMKU B MEPBOM MNPUOAMKEHUM A0NA KOMMYHANIbHbIX
pacxofoB (BK/tOYas pacxozbl HA TEPMOMOZLEPHU3ALMIO) HE CYMTAETCA KPUTUYECKOM
MO MEpKamM MHOMMX €BPOMEMCKMX CTpaH, rae noporoM 4vacto ssasetca 25-30 % ot
obwmx pacxogos. OAHaKo, yuMTbiBasa CpeAHIO 3apaboTHylo naaTy B Ka3axcTtaHe no
CcpaBHeHMIo ¢ EBpomnom, a Tak:Ke BbICOKMM MPOLEHT pacXoA0B Ha NPOAYKTbl NMUTaHMS
No NpoBeAEHHbIM COLMONONMYECKMM OMpPOCaM, CTAHOBMUTCA ACHO, YTO Jaxke A0NA B
16-19 % Ha KOMMYHaJ/lbHbl€ pacxoAbl M TEPMOMOAEPHU3ALMIO ABNAETCA 3HAYUTE/IbHOM
AN ONpeAeNeHHOM YacTM HaceNeHUs, HanpUMEpP, MHOTOAETHbBIX CEMEN MU CEMEN
C MWMHMMaNbHbIM A0X0A0M. TakuMm obpa3oM, HeobxoaMma NpoAyMaHHas MOMOLLb
CO CTOpOHbl FOCyAapCTBa, OCHOBaHHaA Ha A0X0JaX KOHKPETHOro [0MOXO03AMCTBa
M OXMOAEMOM YpPOBHE 3HeprocbepexxeHua nocne TepMomoepHu3aumu. BaxHo
YUYUTbIBaTb NOJIOXKMTE/IbHBIM ONbIT APYrMX CTPaH NpM pa3paboTKe Mep NOALEPKKM.
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6. 3akntoyeHue

MHOroKBapTUpHbIE KMble 37aHMA B KasaxcTtaHe ABNAIOTCA  BaXKHbIM
HanpaB/IeHWEM 4151 COKpaLLEeHWA SHepronoTpebieHma, 0CO6EHHO B YaCTU JOCTUNKEHUA
CTPaHOM KAMMATUYECKMX 06A3aTeNbCTB. KaKk Mokasasn aHaiu3 MMEKLMXCA AaHHbIX,
3HepronoTpebseHmMe ANA OTOMNEHUS ITUX 3JaHMMA  MPEBbIAET MMHMMAJIbHbIE
TpeboBaHMS HOPMaTMBa BO BCEX perMoHax cTpaHbl Ha 43-109 %. B 1o ke Bpems
peaniM30BaHHbIE MUIOTHbIE MPOEKTbl NPOAEMOHCTPMPOBAJIM BO3MOXKHOCTb A0OMUTbCA
B cpegHemM oT 30 go 50 % 3KOHOMMM TennonoTpebsieHUA Ha O4HOM 34aHWMM, YTO B
YCNOBMAX Habaalowerocsa B nocsejHee BpeMa pocta TapudOoB Ha TEnJioByl M
3/IEKTPUYECKYIO SHEPrU0 BECbMa MpUBJIEKATE/NIbHO AJ19 COOCTBEHHUKOB. CHMMKEHME
3HepronoTpebIeHNs B CYLLECTBYIOLMX 34aHUAX CHUNKAET U PUCKM HEXBATKM TEMNI0BOM
3HEeprmm B ropojax B yCJI0BMAX 6YPHOro HOBOIrO CTPOMTENbCTBA M YMEHbLUAET AABNEHUE
Ha MHPPaACTPYKTypy, OCO6EHHO B 3MMHMM nNepuoz. ITO MO3BOSET rOCYAApPCTBY
nepeHanpaBMTb PeCYpCbl Ha MOAEPHM3AUMIO APYTUX KAOYEBbIX MH(PPACTPYKTYPHbIX
0OBEKTOB.

MoBbileHMe 3HeproaddOEKTUBHOCTU B CEKTOPE KMJbIX 3J4aHWMMA MNPUBOAUT
K AOCTUXXEHMUIO U APYIrMX - KOCBEHHbIX, B TOM YMCNe, U couMasibHbIX 3PEDEKTOB.
TepMoMoaepHM3aUMA KMJIbIX MHOFOKBAPTUPHbIX 34aHMM B KasaxcTaHe - 3T0 He
TO/IbKO BOMPOC 3KOHOMMYECKOM LIeN1IecO006pasHOCTU A1 COBCTBEHHMKA, HO M BOMPOC
obecrneyeHMa NpoANEHUA CPOKa C/YXKObl KUAbIX AJOMOB, MOBbILEHWE 6GE€30MacHOCTH
NPOXKMBaHMA, TMOBbILEHME KadecTBa NPeAoCTaBNEHUMA KOMMYHaJ/IbHbIX YCAYT,
NOBbILEHNE PbIHOYHOM CTOMMOCTM HEABMMKMMOCTM M Mp., YTO MO MHEHUIO aBTopa
JIO/KHO TMPUBOAMTL K CHMXKEHMIO COUMANIbHOM HAMPSXKEHHOCTM B 06LEecTBe WU
NOBbICUTb [JOBEPME HACE/NIeHMA K roCyAapCTBEHHbIM pedopMam, XOTS AOCTOBEPHO
NOATBEPXKAEHHbIX AaHHbIX 3TOM 3aBUCMMOCTU B CTPAHE MoKa HeT. BbiAscHeHMeM 3ToMn
CBA3M MOMKET OblTb AOMOJIHUTE/IbHBIM MCCNEeA0BAHMEM aBTOpa, KOTOpOE SIBNSAETCH
TEMOM OTZIe/IbHOM HAay4YHOM CTaTbM.

MoBbiweHne 3Heprod3ddEKTUBHOCTU MHOrOKBaApTMPHbIX MJbIX AOMOB B
KasaxcTaHe MOXKeT MMeTb KaK NMpsAMble, TaK M KOCBEHHbIE NOJIMTUYECKME NOC/IeACTBUA,
KOTOpble OTPakaloTCS Ha pPas/IMYHbIX YPOBHSIX rOCYAapCTBEHHOrO YrNpaBJ/ieHUA,
3KOHOMMKM 1 06LLecTBa. Tak, MaccoBas NpaKkTUKa yBEIMYEHMA SHEPro3dDPEKTUBHOCTH
XUMWHOro ¢oHAa CHU3MUT yAesibHOe MNOTpebAeHUEe SHEpPrmm, 4YTo B COYETaHuM C
NPUHUMAEMbIMM MepamMM N0 AeKapOoHM3auMM BCEro CEeKTopa JHepreTuku obyaet
61aronpuATHO  CKasblBaTbCA HA  BbIMOJIHEHMW  MEXKAYHApPOAHbIX 06A3aTeNbCTB
KasaxctaHa no Kammaty. Bce 3TO HECOMHEHHO MOBBLICMT penyTauui CTpaHbl Ha
MEXAYHApOAHOM apeHe KaK MapTHepa, NPUBEP)KEHHOIO YCTOMUYMBOMY PasBUTUIO M
60pb6e C M3IMEHEHMEM KIMMaTa. JDTO TaKXXe BEPOATHO YKPenuT nosmumm KasaxcraHa
B NeperoBopax C MexAyHapoAHbIM1 (DMHAHCOBBLIMU MHCTUTYTaMMU M OpPraHM3aumsamm,
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TaKMMM KaK BcemupHbii 6aHK, EBponeMckuit 6aHK PEKOHCTPYKLUMM M Pa3BUTMSA
n 3eneHbit Knnumatmyeckuit ®oHA ANnA NpUBJIEYEHMA B CTPaHy JAOMNOJHUTE/IbHbIX
3e/1EHbIX UHBECTULIUHA.

MoBbiweHne 3Hepro3dEKTUBHOCTM B KUJIOM CEKTOPE CMOXET CO BPEMEHEM
YMEHbLNTb rOCyAapCTBEHHbIE PacXobl Ha Cy6CMAMPOBAHUE KOMMYHA/IbHbIX YCAYT U
3HepreTMyYecKom MHMPACTPYKTYpPbl, YTO 0OCBOBOXKAAET CpeACTBA A/1A APYTMX COLMAIbHO
3HAYMMbIX NPOEKTOB. [lporpamMmbl MO MOBbIWEHMIO SHEProdIdPEKTUBHOCTM OObIYHO
CTUMYJIMPYIOT CNPOC Ha CNEeLUasMCTOB B 06/1aCTM CTPOUTE/IbCTBA, NPOEKTUPOBAHMS,
yNpaB/IEHUs1 SHEpPropecypcaMu M BHEAPEHWUS HOBbIX TEXHOIOMMM. ITO CMOCO6CTBYET
CO3/aHMI0 HOBbIX Pabo4Mx MECT, 0COBEHHO B CEKTOPE MAJIoro U CpeaHero usHeca M,
KaK C/leACTBME, NMPUBOAMT K YBEJIMUEHMIO HAJIOFOBbIX MOCTYM/IEHUM B GOXKET.

Kak wu3BecTtHo, KasaxcTaH CTa/IKMBaeTCs C Cepbe3HbiIMM  Bbi30BaMM,
CBAA3aHHbIMM C MU3MEHEHWEM KAnMarTa. lNoBbileHne 3HeproaddOEKTUBHOCTU HE TOJIbKO
CHM}KaeT Bbl6pOCbl MApHUKOBbLIX FA30B, HO U AefaeT 34aHusA 6onee YyCTOMYMBBIMU K
3KCTPEeMasbHbIM MOrOAHbIM YC/IOBMAM, YTO CHUXKAET PUCKM A5 340POBbSA HaceNeHMS
M MHOPACTPYKTYpbl. Bce 3To ABNAeTCA [OMONHUTENIbHBIM BaXKHbIM  CTMMYJIOM
AN MAcCOBOM MpPaKTMKM TEPMOMOZAEPHM3AUMM 3JaHMM B CTpaHe. Mcxoas M3
BbILLIEW3/I0KEHHOIr0, MOBbILIEHME 3HEProdddEKTUBHOCTU KMIOrO0 CEKTopa 34aHMM
CTAHOBUTCS BayKHEMLLEN roCy/JapCTBEHHOM 3a1a4en.

OpHako, He BeCb Habop 3Heproc6eperawLmx MeponpusTUA, NPUMEHAEMbIN
00ObIYHO Ha NPaKTMKE, MOXKET ObiTb PEKOMEHAO0BAH K MOBCEMECTHOMY NMPUMEHEHMIO
B unoM ¢doHge KasaxctaHa. MccnepoBaHMA MNoOKasaiv, YTO PEMOHTHblE PabOoThI
Ha ¢acage 34aHMA MMEKT CKOpee 3CTETMYECKMM XapaKTep. XOTs Heo6XOAMMbl
ZAOMNOJIHUTE/NbHBIE TECTOBbLIE MU/IOTHBIE MPOEKTbI MO CMNJIOWHOMY yTenaeHuo dacaga
ANA onpefeneHns Ao0CTOBEPHOro apdeKTa oT Ux peanmsaumm B ycnoBuax KasaxcraHa,
0603HaYEHMNA MX MeCcTa B CUCTEME MEPONPUSATUM.

PaboTa no yny4dweHuto 3HeproaddEKTUBHOCTH XKUIOrO0 CEKTOopa CTaJIkMBaeTCA
C Npo6/aeMoM OTCYTCTBMS HAZEXHOM MHPOPMaLMM O (HaKTUYECKOM COCTOAHMM
XUAbIX 34aHMM. K coxaneHuio, B CTpaHe OTCYTCTBYET LUMPOKO pacnpoCTpaHeHHas
M METOLONOrMYECKM CTaHAAPTU3MPOBAHHaA cMCTeMa cbopa AaHHbIX O NOTpe6aAEHMM
3HEPrmM B KaXXA0M 34aHUM.

He3aBMcKMMO OT Habopa MeponpuATMM ANS BbINOJIHEHMA 3aJa4M MOBbILEHWUS
3HeproadEKTMBHOCTM XuMaoro ¢poHaa NOTPeOYTCA 3HAYMTEsIbHbIE (DMHAHCOBbLIE
pecypchbl. o oueHKam aBTopa OHM MOryT cocTaBuTb nopsaaka 10-12 mapa. Aonnapos
CLUIA Ha Becb unor oHA. YKPYMHEHHbIM pacyeT OCHOBaH Ha y4yeTe CTOMMOCTM
MEPONpUATUA  ANA  TEPMOMOAEPHM3ALMM «CpeAHeCTaTUCTUYECKOro  0Ma»,
KOH(Mrypaums KoToporo 6blla OCHOBaHa Ha CTaTUCTUYECKMX AaHHbIX (MATUITaXKHbIM
NaHeIbHbIM KWJI0M 1I0M, C 80-Tbo KBApTMPAaMM M 06LLEM NJIOLLIAAbI0 HE NPEeBbILAoLLEN
4.5 TbiC. KB. M.). [N NOKpPbITUA 3TMX PACXOA0B OYEBMAHO MOTPEOYIOTCA 3aEMHble
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CcpeacTBa, KOTOPble MOXKHO MPUB/EYb M MCMO/Ib30BaTh MO HA3HAYEHMIO C MPUMEHEHUEM
(pMHAHCOBLIX MEXaHM3MOB MOALEPKKU MNOTpebUTENEN Yepes cybcuaupoBaHME M
NpeoCTaB/IeHUE Pa3yMHOM FPaHTOBOM NOAAEPIKKM, YTO YCMNELIHO NPOAEMOHCTPUPOBAT
OnMbIT peanmsaLuum pasn4YHbIX MMIOTHbIX NPOEKTOB B KasaxcTaHe.

He Bce HaceneHue cTpaHbl 6€3601€3HEHHO CMOXKET HECTU OpemMa pacxozos,
HEeO06X0AUMbBIX HAa TEPMOMOZEPHM3ALMIO CBOEro KuiMwa. Kak mokasasnm pacuyertbl,
Kak npaBmio, paboTalowmm (MOS0AbIM) CEMbAM TaKMe pacxoibl 6yayT BMoOJIHE MO
CUNaM (BMeCTe C KOMMYHa/IbHbIMU ycayramm oHu cocTaBAT 18-20 % OoT COBOKYMHOro
aoxoga ceMbM). OgHaKO HepaboTalLWMM, a TaKKe NEHCMOHEpaM Heobxoauma byaeT
noaAep:KKa rocyaapcTBa Yepes CUCTEMY KMJIULLHOM MOMOLLM.

B pamKax nposeaeHMA AasibHEMILEN TEMATUYECKOM paboTbl aBTOP MJIAHUPYET
JIONOJIHUTbL TEKYLLEEe MCC/eIoBaHUE OLIEHKOM KOCBEHHbIX MOTEHLMabHbIX BbIroj OT
3Heprocbep:KeHus B KU0M CEKTOPE 34aHMM, YTO MOXKET 6biTb MPEAMETOM OTAE/IbHOM
CTaTbM.
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ABSTRACT

Energy efficiency represents a key factor in building design and
operation. In the Republic of Kazakhstan (RK), where buildings
occupy the first place (43 %) in terms of energy consumption, the
residential sector plays an important role, especially considering
its cold climate with long winters. Heating and lighting systems
are the main elements of energy con-sumption in residential
buildings. The statistical analysis within the framework of the
study allowed revealing the drivers of high specific thermal
energy consumption, including low tariffs and lack of investment
in building thermal upgrading. The article presents the analytical
findings on the energy consumption in Kazakhstan’s housing sector,
as well as describes the main reasons for high energy consumption
for housing heating, inter alia low investment on behalf of
property owners in the context of low energy prices. The materials
collected by the author as a result of direct participation in the
preparation and execution of several pilot projects demonstrate
the potential contribution of technical measures to the overall
energy consumption reduction in various climatic conditions across
the country; made it possible to calculate the profitability of a set
of energyefficiency measures for a standard apartment building,
as well as formulate recommendations for improving energy
efficiency in the residential sector. Curtailing energy consumption
in the sector will contribute to reducing greenhouse gas emissions,
which is especially important for achieving the goals of national
climate policy, including the Concept for the Transition of the
RK to a “Green Economy”; Kazakhstan’s Nationally Determined
Contribution (NDC) and Strategy of the RK for Achieving Carbon
Neutrality by 2060. The study outputs are based on the data as
of late 2021 and show the potential of new technologies and
targeted energy strategies to mitigate climate change impacts.

ARTICLE HISTORY

Received: March 29, 2024
Accepted: November 26, 2024
Published: December 7, 2024

KEYWORDS

Energy efficiency, residential
multi-apartment buildings,
heating energy, energy
consumption, demonstration
projects, monitoring effects,
Kazakhstan


https://orcid.org/0000-0002-5341-7358
mailto:alex%40avantgarde-group.eu?subject=
https://doi.org/10.29258/CAJSCR/2024-R1.v3-2/24-44.rus

LIEHTPA/IbHOA3SMATCKMM XYPHA/ MCCIEAOBAHWA K/IMMATA M YCTOMYMBOIO PA3BUTUA (2024) 3(2): 23-44 43

References

Assylbayev, A., Safronchuk, M., Niiazalieva, K., Brovko, N. (2023). Green Transformation and the
Concept of Energy Efficiency in the Housing Sector, in Innovative Trends in International Business
and Sustainable Management, E.l. Lazareva, A.D. Murzin, B.A. Rivza, and V.N. Ostrovskaya, Eds.,
in Approaches to Global Sustainability, Markets, and Governance. Singapore: Springer Nature
Singapore, 2023, pp. 567-577. https://DO0I:10.1007/978-981-19-4005-7_61

Belyy, A. (2022). Skol'ko stoit jenergojeffektivnost' v Kazahstane? [How much does energy efficiency
cost in Kazakhstan], Retrieved from: https://svestnik.kz/skolko-stoit-jenergojeffektivnost-v-kaza
hstane/?ysclid=lubynvxt7m586167346 (in Russian)

Belyy, A., Druz, N., Zadvornyh, E. (2014). Vozmozhnosti dostizhenija social'nyh jeffektov cherez
povyshenie jenergojeffektivnosti mnogokvartirnyh zhilyh domov [Opportunities to achieve social
effects through increasing the energy efficiency of multi-apartment residential buildings], Astana:
PROON. (in Russian)

Belyy, A., Zadvornyh, E., Druz, N., Shopaeva, A., Hillenberg, R., Valisheva, I. (2013). Demonstracionnaja
zona jenergosberezhenija: Pilotnyj demonstracionnyj proekt po povysheniju jenergojeffektivnosti
sistemy teplopotreblenija zhilogo mnogokvartirnogo zdanija: Aprobacija modeli «Vse raschety
cherez KSK» [Demonstration zone of energy saving: Pilot demonstration project to increase the
energy efficiency of the heating system of a multi-apartment residential building: Testing of the
model "All calculations via KSK"]. Astana: PROON. (in Russian)

Belyy, A., Zadvornykh, Y., Andreyev, D., Druz, N. (2013). Demonstration energy saving zone: Pilot
projects to improve the energy efficiency of the heat consumption systems of buildings: ESCO
mechanism testing in Karaganda city, Republic of Kazakhstan. Astana: UNDP

Dyussembekova, N., Temirgaliyeva, N., Umyshey, D., Shavdinova, M., Schuett, R., Bektalieva, D.
(2022). Assessment of Energy Efficiency Measures’ Impact on Energy Performance in the Educational
Building of Kazakh-German University in Almaty. Sustainability: vol. 14, no. 16, p. 9813, Aug.
2022, https://D0I:10.3390/su14169813

Filippidou, F., Nieboer, N., Visscher, H. (2016). Energy efficiency measures implemented in the Dutch
non-profit housing sector. Energy and Buildings. Volume 132, 15 November 2016, PP. 107-116.
https://DO0I:10.1016/j.enbuild.2016.05.095

Gosudarstvennye normativy v oblasti arhitektury, gradostroitel'stva i stroitel'stva. (2006). Stroitel'nye
normy RK. SN RK 2.04-21-2004 [Gosudarstvennye normativy v oblasti arhitektury, gradostroitel'stva
i stroitel'stva. (2006). Stroitel'nye normy RK. SN RK 2.04-21-2004] Jenergopotreblenie i teplovaja
zashhita grazhdanskih zdanij [Energy consumption and thermal protection of civil buildings].
Astana: AO «KazNIISA~». (in Russian)

Gosudarstvennye normativy v oblasti arhitektury, gradostroitel'stva i stroitel'stva [State regulations
in the field of architecture, urban planning and construction]. (2012). Svod pravil Respubliki
Kazahstan. SP RK 2.04-106-2012. Proektirovanie teplovoj zashhity zdanij. [Code of Practice of the
Republic of Kazakhstan. SP RK 2.04-106-2012. Design of thermal protection of buildings]. Astana:
AO «KazNIISA». (in Russian)

Gosudarstvennye normativy v oblasti arhitektury, gradostroitel'stva i stroitel'stva [State regulations
in the field of architecture, urban planning and construction]. (2015). Stroitel'nye normy RK. SN
RK 2.04-04-2011. Teplovaja zashhita zdanij [Building codes GC. SN RK 2.04-04-2011. Thermal
protection of buildings]. Astana: AO «KazNIISA~». (in Russian)

Ivanova, L. (2020). Razvitie normativnyh trebovanij k teplovoj zashhite zdanij [Development of
regulatory requirements for thermal protection of buildings]. Arhitektura i dizajn [Architecture
and design] Ne 1. S. 33-44. https://DOI: 10.7256/2585-7789.2020.1.35796 (in Russian)

O zhilishhnom fonde [About the housing stock]. (2022). Statisticheskij sbornik na kazahskom i russkom
jazykah [Statistical collection in Kazakh and Russian languages]. Astana: Bjuro nacional'noj
statistiki Agentstva po strategicheskomu planirovaniju i reformam Respubliki Kazahstan [Bureau
of National Statistics of the Agency for Strategic Planning and Reforms of the Republic of
Kazakhstan]. (in Russian)


https://DOI:10.1007/978-981-19-4005-7_61
https://svestnik.kz/skolko-stoit-jenergojeffektivnost-v-kazahstane/?ysclid=lu6ynvxt7m586167346
https://svestnik.kz/skolko-stoit-jenergojeffektivnost-v-kazahstane/?ysclid=lu6ynvxt7m586167346
https://DOI:10.3390/su14169813
https://DOI:10.1016/j.enbuild.2016.05.095
https://DOI: 10.7256/2585-7789.2020.1.35796

44 Benbiit A.

Panchenko, N., Olshanskaya, M., Goruynova, I., Belyy, A. (2013). Removing Barriers to Energy Efficiency
in Municipal Heat and Hot Water Supply: Accomplishments & Lessons Learned from the UNDP/GEF
Project in Kazakhstan. Astana: UNDP

Sarbaeva, N., Omurbekova, M., Jeenbaev, U. (2021). The problems of increasing energy efficiency in
residential buildings. The Herald of KSUCTA. Vol. 71. No. 1. - P. 142-146

Sharipov, R., Tyulyubayeva, D., Shavdinova, M., Kudrevich, O., Yerzhanov, S. (2021). Practice and
future of energy-efficient construction in the Republic of Kazakhstan. J Appl Eng Science: vol. 19,
no. 1, pp. 1-8, 2021, https://DOI: 10.5937/jaes0-27404

Shevyakova, A., Petrenko, Y., Koshebayeva, G., Ulybyshev, G. (2022). Peculiarities of Housing and
Communal Services and the Difficulties of Implementing Energy-Saving Technologies: The Case of
Kazakhstan. Energies: vol. 15, no. 20, p. 7576, Oct. 2022, https://DOI: 10.3390/en15207576

Shrekenbah, L., Belyj, A. (2022). K voprosu o sistemnoj organizacii modernizacii mnogokvartirnogo
zhilogo fonda v Kazahstane dlja celej dekarbonizacii [On the issue of systemic organization of
modernization of multi-apartment housing stock in Kazakhstan for the purposes of decarbonization].
Retrieved from: https://uyushma.uz/f/20220411_kaz_promhouse_article_eer_full_ru.pdf (in
Russian)

Sumarac, D., Todorovié, M., Djurovi¢-Petrovi¢, M., Trisovi¢, N. (2010). Energy efficiency of residential
buildings in Serbia. Thermal Science: Year 2010, Vol. 14, Suppl., PP. S$97-S113. https://D0I:10.2298/
TSCI100430017S

Tukhtamisheva, A., Adilova, D., Banionis, K., Levinskyté, A., Blitidzius, R. (2020). Optimization of the
Thermal Insulation Level of Residential Buildings in the Almaty Region of Kazakhstan. Energies:
vol. 13, no. 18, p. 4692, Sep. 2020, https://D0I:10.3390/en13184692

Vytchikov, Ju., Beljakov, I., Nohrina, E. (2014). Uteplenie fasadov zdanij pri kapital'nom remonte
sushhestvujushhego zhilogo fonda Samarskoj oblasti [Insulation of building facades during major
repairs of existing housing stock in the Samara region]. Vestnik SGASU. Gradostroitel'stvo i
arhitektura [Urban development and architecture]. Vyp. Ne 3(16). S. 103-110. (in Russian)

Zhiguli, A., Ponomarenko, A., Borodacheva, E. (2020). Problems of Energy Efficiency of Residential
Buildings. I0P Conf. Series: Materials Science and Engineering 753 (2020) 032020. https://DOI:
10.1088/1757-899X/753/3/032020


https://DOI: 10.5937/jaes0-27404
https://DOI: 10.3390/en15207576
https://uyushma.uz/f/20220411_kaz_promhouse_article_eer_full_ru.pdf
https://DOI:10.2298/TSCI100430017S
https://DOI:10.2298/TSCI100430017S
https://DOI:10.3390/en13184692
https://DOI: 10.1088/1757-899X/753/3/032020
https://DOI: 10.1088/1757-899X/753/3/032020

CENTRAL ASIAN JOURNAL OF SUSTAINABILITY AND CLIMATE RESEARCH (2024) 3(2):45-62

https://doi.org/10.29258/CAJSCR/2024-R1.v3-2/45-62.eng \ /

CAJSCR
@ ®@® © The Author(s) 2024

Strategic environmental assessment in Uzbekistan: current trends,
challenges and future prospects

Shovkat Kholdorov @ ™, Zafarjon Jabbarov @ ', Catalina Garcia ® ',
Bakhrom Jobborov @ ©, Nuriddin Samatov ©

2 National University of Uzbekistan named after Mirzo Ulugbek, Almazor district, University street, 4,
Tashkent , 100174, Uzbekistan

b Global Green Growth Institute (GGGI), Uzbekistan Office, Chilanzar District, Bunyodkor Avenue, 7a,
Tashkent, 100043, Uzbekistan

¢Research Institute of Environment and Nature Conservation Technologies, Chilanzar District, Bunyodkor
Avenue, 7a, Tashkent, 100043, Uzbekistan

ABSTRACT ARTICLE HISTORY

This study has examined Uzbekistan's environmental assessment framework,

focusing on the challenges impeding Strategic Environmental Assessment Received:
implementation, as well as how international practices and pilot initiatives June 18, 2024

can guide the establishment of a robust and sus-tainable domestic SEA ~ Accepted:

system. Through the analysis of legal documents, reports and pilot action December 5, 2024
outputs, the study has identified deficiencies in decision making and Published:

inconsistent mainstreaming of ecological matters into strategic planning. December 25, 2024
Thus, the major challenges include limited SEA awareness, insufficient

baseline data, and weak legal and regulatory setting. Pilot projects, such as KEYWORDS

the Charvak Free Tourist Zone SEA, had revealed tangible concerns, including

difficulties in engaging local stakeholders, data gaps, and unclear inter- environment,

agency roles. While these do represent significant obstacles, they also offer environmental assessment,
valuable lessons learnt for forging a comprehensive SEA scheme. Although  legal framework, )
the absence of a strong legal basis remains a critical limitation, there 223§%T?nl:]enngt’aftrateglc
exist opportunities to enhance coordination, oversight, and stakeholder assessment, sustainable
inclusivity. Uzbekistan can build on international SEA trends associated

with public engagement and climate risk evaluation, while also learning

from regional and cross-border actions. Collaborations across Central Asia,

particularly in managing shared water and biodiversity resources, render

additional opportunities for harmonizing environmental governance. The

key priorities include the adoption of SEA legislation, capacity building

through training and awareness programs, and the establishment of national

networking and information exchange mechanisms. These steps are vital

for fostering sustaina-ble development, preserving natural resources, and

building public trust in ecological governance. The study findings furnish

actionable insights for policymakers and practitioners in Uzbekistan and

other nations facing similar environmental assessment challenges.

CONTACT Shovkat Kholdorov <] sh.m.xoldorov@gmail.com, National University of Uzbekistan named
after Mirzo Ulugbek, Almazor district, University street, 4, Tashkent , 100174, Uzbekistan

Published by Kazakh German University, Almaty/Kazakhstan


https://doi.org/10.29258/CAJSCR/2024-R1.v3-2/45-62.eng
https://orcid.org/0000-0001-9394-215X
https://orcid.org/0000-0003-2816-6347
https://orcid.org/0009-0006-2592-6581
https://orcid.org/0000-0002-0015-3547
https://orcid.org/0000-0001-9980-8891
mailto:sh.m.xoldorov%40gmail.com?subject=

46 ©  Sh. Kholdorov et.al.

1. Introduction

The expansion of Strategic Environmental Assessment (SEA) addresses
the mounting demand for sustainable development (SD) and environmental
considerations. SEA methodically evaluates ecological consequences to promote the
SD narrative within policies, programs, and plans (PPPs) (Helbron & Palekhov, 2010;
Jackson & Illsley, 2008; Nzioki & Kitulazzi, 2016). It likewise serves a comprehensive
tool for accommodating environmental and health objectives in strategic decision-
making aimed at alleviating adverse economic and regional development effects
(Sabeva, 2015; UNECE, 2018). SEA considers environmental and health issues during
the formulation of PPPs (Fischer et al., 2010; Uganda, 2006), promoting nature-
sensitive development. SEA also pushes the evolution of worldwide SD by detecting
and assessing potential ecological impacts (Song & Kim, 2007; UNECE, 2003). The
SEA application and study have been thorough in the Global North; however, its
effectiveness in countries like Uzbekistan is still uncertain. This study aimed to answer
the following questions: What are the challenges and opportunities for implementing
SEA in Uzbekistan, and how SEA can contribute to sustainable development? This
analysis explored Uzbekistan’s socio-political and environmental landscape to assist
other countries encountering similar challenges.

The SEAProtocol and Espoo Conventionrepresent essential legal SEAframeworks
on a global scale (Koyano, 2020; Marsden, 2011; Mulder, 2011). Both advocate for
sustainable progress and ecological stewardship, albeit in distinct domains. On the
one hand, the Espoo Convention of February 25, 1991 requires environmental impact
assessments and international consultations regarding transboundary ecological
effects of major development projects (Koyano, 2020; Marsden, 2011). On the
other hand, the SEA Protocol - ratified May 21, 2003 - emphasizes the importance
of incorporating environmental dimensions in initial planning in designated regions.
Public engagement and preliminary evaluations are deemed fundamental for
achieving sustainable development (UNECE, 2003).

Moreover, Directive 2001/42/EC of June 27, 2001, commonly referred to as
the SEA Directive, serves a core EU legal basis for strategic environmental assessment
(Klane & Albrecht, 2005; Sheate, 2003) and requires environmental assessment of
plans and activities with significant ecological impacts (Feldmann et al., 2001). The
Directive also highlights the importance of rendering due attention to environmental
considerations while elaborating and executing SD-related plans and programs via
informed decision-making (SEA Directive, 2001).

SEA plays a crucial role in shaping government initiatives across sectors, as
well as informs decision-making in agriculture, forestry, fishery, energy, industry
(including mining), transportation, regional development, waste and water
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management, telecommunications, tourism, urban planning, and land use; although
it does not automatically extend over other economic sectoral or municipal plans, or
minor revisions. National governments are mandated to assess the need for SEA. It is
essential to implement this process when a plan, program, or minor modification is
likely to result in compelling environmental or health impacts. Along with financial/
budgetary plans and programs, national defence and civil emergency plans and
programs are SEA-exempt (Spar, 2012) - i.e. the SEA Protocol applies solely to newly
introduced plans and programs by national and local public agencies, excluding any
pre-existing strategic documents.

A systemic approach merges environmental objectives into planning and
decision-making associated with PPPs (Ahmed et al., 2005; Corpade et al., 2012).
The associated scoping identifies key ecological issues and stakeholder concerns after
confirming an assessment necessity and scope. The initial assessment examines the
environment and analyses impacts by reviewing possible outcomes, explores potential
options, and formulates risk reduction strategies. SEA reports are exhaustive and
detailed, featuring quality assurance measures to secure precision and adherence
to standards (Saleh & Qutb, 2021; Souloutzoglou & Tasopoulou, 2020). Evaluation
strategies scrutinize the execution and ecological effects, whereas discussions with
regulatory bodies and community engagement ensure openness and ownership
(Reicher et al., 2021).

That said, SEA remains inadequately reflected in Uzbekistan’s national-level
planning, even in the remit of striking infrastructural and industrial growth. The
country is confronted with challenges such as water scarcity, land deterioration,
and air pollution (Gafurova & Juliyev, 2021; Makhmudov et al., 2023; Tukhtayeva,
2020), as well as exhibits a notably high rate of water withdrawal per capita further
exacerbating water scarcity (World Bank, 2020).

Against this backdrop, the nation has implemented environmental laws and
sustainability initiatives aimed at improving its environmental governance, although
making decisions without thoroughly inspecting their environmental aftermath
compromises their intent. This research aimed to explore Uzbekistan's need to
incorporate strategic environmental assessment into its development framework to
tackle ecological challenges and foster sustainable progress.

To evaluate the target country’s preparedness for SEA and its potential
influence on sustainable development goals (SDGs), this investigation has employed
a mixed-method strategy comprising a review of Uzbekistan’s valid environmental
policies, analysis of globally applied SEA frameworks, and consultation with regional
environmental data.

This research offers empirical evidence regarding the function of SEA in
promoting sustainable environmental governance in post-Soviet nations and, thus,
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establishes a foundation for future comparative research as well as contributes to
the discourse on the effectiveness of SEA in addressing environmental challenges
in rapidly developing economies. This study emphasizes the significance of SEA
in promoting sustainable development and adhering to international ecological
standards; analyzes the challenges and opportunities that Uzbekistan government
faces in implementing efficient environmental governance strategies; and manifests
an inaugural examination of the application of SEA in Uzbekistan, closing a significant
gap in the existing academic literature and offering novel insights into the nation’s
environmental assessment framework.

2. Methodology

A sweeping literature review was conducted to collect relevant information
on SEA, with a particular emphasis on its prospective implementation in Uzbekistan,
including to analyze existing literature, legal documents, and policy reports
pertinent to SEA, utilizing a qualitative research design. Using the keywords such as
“Uzbekistan”, “environmental governance”, “SEA”, and “Strategic Environmental
Assessment”, the search strategy covered numerous academic databases, including
Scopus, Web of Science, and Google Scholar. The search was limited to peer-reviewed
articles, reports, and policy documents published in English from 2000 onwards to
guarantee their relevance to the ongoing ecological challenges of Uzbekistan and the
policy frameworks associated with current SEA practices.

Titles and abstracts were initially screened according to the predetermined
criteria, and full texts were subsequently reviewed in detail to guarantee the inclusion
of high-quality and substantial information on SEA frameworks, case studies from
comparable contexts, and best practices in environmental governance. The criteria
for source selection were as follows: relevance to SEA frameworks, applicability to
Uzbekistan or analogous emerging economies, emphasis on legal enforcement, and
alignment with best environmental governance practices. The process entailed the
identification of pertinent sources that offered an all-inclusive understanding of SEA
principles and practices.

The review allowed identifying a notable deficiency in the scientific literature
regarding SEA in Uzbekistan - mere absence of thematic peer-reviewed articles. While
SEA serves mainly as a tool for policy and development organizations, studies related
to SEA from various contexts offer essential insights for its implementation in emerging
economies such as the target country. This study has investigated SEA frameworks
and their performance in comparable regions, addressing a scientific gap related
to the applicability and potential impact of SEA within Uzbekistan's distinct socio-



CENTRAL ASIAN JOURNAL OF SUSTAINABILITY AND CLIMATE RESEARCH (2024) 3(2): 45-62 @ 49

environmental context. To address this discrepancy, numerous reports were generated
by a variety of programs implemented in Uzbekistan. Those papers provided essential
information and insights essential for understanding the current state and prospects
of SEA in the country. Additionally, legal documents were obtained from the national
legislative database of the Republic of Uzbekistan (www.lex.uz). Functioning as the
sole official electronic medium for disseminating legal acts passed in the Republic of
Uzbekistan (RUz), this resource represents the primary legal information repository
of the state. It was essential for the acquisition of relevant legal documents on the
national ecological assessment system. Additionally, online inquiries were conducted
to identify supplementary reports and international legal documents, thereby
expanding the scope of sources and guaranteeing a comprehensive compilation of
relevant information.

A two-step procedure was utilized to identify the challenges and solutions
outlined in the results section (Table Il.). Thematic analysis was first applied to
national legal documents, policy reports, and international SEA case studies to identify
prevalent challenges and possible strategies. This analysis involved categorizing key
themes related to sector-specific issues, legal and procedural barriers, and challenges
in environmental governance in RUz. Secondly, the authors' firsthand experience in
implementing experimental SEA projects in Uzbekistan contributed valuable insights
to the findings, facilitating the incorporation of practical challenges and context-
specific solutions. The integration of experiential insights and thematic analysis
enabled a thorough understanding of the issues and potential solutions specific to
the Uzbek context.

In order to facilitate an in-depth assessment, sources were selected based on
their relevance to the primary concerns of SEA implementation, legal frameworks,
environmental governance practices, and the unique context of the RUz. The
harvested data underwent meticulous analysis to detect the most common themes,
trends, and gaps in Uzbekistan’s current SEA procedures. This approach provided a
profound examination of SEA application in Uzbekistan’s situation.

The review’s credibility and integrity were maintained by rigorously adhering
to ethical considerations that ensured accurate data representation and proper
source referencing. The analysis was conducted impartially to provide a balanced
and objective perspective on the subject matter, and all information sources were
appropriately acknowledged.

2.1. Historical development and current global SEA status

The SEA can be traced back to the US National Environmental Policy Act (NEPA)
of 1969 that had introduced the concept of Environmental Impact Statements (EIS)
for major federal actions (Fundingsland Tetlow & Hanusch, 2012). Over the years,
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the practice of SEA has significantly evolved, influenced by various international
frameworks and agreements. In the late 1980s and early 1990s, several countries
began implementing SEA provisions, often building on their existing EIA frameworks
(Josimovic et al., 2022). Those provisions were typically integrated into one of
the four categories: EIA laws (e.g., the USA), planning regulations (e.g., Sweden),
administrative orders or policy directives (e.g., Canada), or processes of policy
appraisal and plan evaluation (e.g., the United Kingdom) (Fundingsland Tetlow &
Hanusch, 2012). The adoption of SEA frameworks has been growing ever since with
notable developments in international policies and directives.

The key milestones in SEA overall evolution include the adoption of the United
Nations Economic Commission for Europe (UNECE) Protocol on SEA to the Convention
on Environmental Impact Assessment in a Transboundary Context (Espoo Convention)
in 2003 (Grout et al., 2018; Souloutzoglou & Tasopoulou, 2020). The Protocol
emphasizes the importance of integrating ecological assessments into policies and
programs. The European Union's SEA Directive 2001/42/EC, adopted in 2001, requires
member states to ensure that certain plans and programs undergo environmental
assessment, promoting SD by incorporating ecological considerations from the outset
(European Union, 2001). SEA is applied across a wide range of strategic activities,
including national, regional, and local PPPs (Baynova, 2021).

SEA gained global prominence following the EU Directive on SEA and SEA
Protocol. East and Southeast Asian nations, including Hong Kong, China, Taiwan,
Vietnam, South Korea, and Indonesia, have embedded SEA into their environmental
assessment frameworks to examine ecological and social impacts of PPPs. SEA is
widely utilized in Nepal, Pakistan, and India for various PPPs, notably in forest
planning, hydropower development, drainage initiatives, coastal zone management,
and industrial growth (Hossan et al., 2021).

In recent years, various worldwide trends have influenced the development
and implementation of SEA frameworks. Public participation has emerged as an
essential element, guaranteeing decision-making transparency and inclusivity. The
introduction of digital instruments, including Geographic Information Systems (GIS)
and remote sensing, has markedly improved data collection, analysis, and visualization
capabilities. Moreover, SEA frameworks have been progressively integrating climate
risk assessments to comply with the objectives of the Paris Agreement, highlighting
both adaptation and mitigation solutions. Furthermore, transboundary SEA projects
are also gaining prominence facilitating cross-country cooperation to tackle shared
ecological issues and advance SD regionally.

In summary, SEA renders a structured path for mainstreaming environmental
agenda in high-level decision-making, supporting SD, nature protection, and climate
change mitigation.
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2.2. Current environmental assessment system and SEA trends in Uzbekistan

The evolution of ecological assessment in the target country has been
marked by the introduction of various legal acts to streamline and improve the
associated procedures. Table I. below chronologically outlines the aforementioned
legal documents, highlighting their key provisions and status. This historical context
provides a foundation for understanding the existing framework and gaps still
requiring attention to fully instill SEA into national development planning.

Table I. Evolution of legal documents in Uzbekistan's environmental
assessment system.

Year Legal Act Key Provisions Status
1992 Law “On Nature Establishes procedures Active

Protection” of the RUz for EIA (RUz, 1992)
2000 Law “On Ecological Provides environmental Active

Appraisal” of the RUz appraisal guidelines

(RUz, 2000)

2018 Resolution of the Detailed regulations No longer valid

Cabinet of Ministers of for state ecological

the RUz “On approving appraisal

the Regulation on implementation (RUz,
the state ecological 2018)
appraisal”

2019 Decree of the Describes initial Active
President of the RUz steps to introduce
“On approving the the SEA mechanism
2030 Environmental into state sectoral

Protection Concept of | policy, including plans,
the RUZ” programs, and other
strategic documents

(RUz, 2019)
2020 Resolution of the Latest update to refine Active
Cabinet of Ministers of | and enhance the EIA
the RUz “On further process (RUz, 2020)
improvement of the
EIA mechanism”

2024 Law “On State Basis of SEA in Under
Ecological Appraisal Uzbekistan (RUz, n.d.) development
and Environmental

Impact Assessment” of
the RUz

Uzbekistan’s ecological assessment system is predominantly structured around
the EIA and State Ecological Appraisal (SEAUZ) models (Khotuleva et al., 2023). Within
this system, developers are tasked with organizing and conducting ElAs, ensuring
the completeness, accuracy, and quality of the environmental impact materials
submitted for SEAUZ. The SEAUZ, carried out by the designated body, culminates
in a mandatory conclusion determining whether a proposed activity can proceed
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based on its potential ecological impacts. The conclusion is binding for all legal and
physical entities involved in financing and implementing the project.

Nonetheless, considering these provisions, the ongoing practices demonstrate
serious drawbacks, such as restricted public engagement, poor transparency, and
lack of robust alignment with international standards. The importance of stakeholder
engagement in SEA cannot be overstated, as it guarantees proper consideration of
diverse perspectives, making the assessment process more inclusive and transparent.
Yet, Uzbekistan still faces significant challenges in this regard, as evidenced by the
Charvak FTZ pilot SEA. Stakeholder consultations during the project had pointed
to gaps in awareness and participation, particularly among local authorities and
community members alike, partly due to the absence of clear legal requirements for
stakeholder involvement and lack of structured consultation mechanisms.

To bridge these gaps, the RUz could adopt best practices from international
SEA frameworks, such as the use of participatory GIS for community mapping and
digital tools for public consultations. These methods enable stakeholders to visualize
potential environmental impacts and meaningfully contribute to the assessment.
Establishing a formalized framework for stakeholder engagement with clear
timelines and responsibilities would promote their systematic participation. The
aforementioned steps are essential for building trust and fostering collaboration
among all parties involved in SEA.

The present framework lacks specific requirements for SEAUZ documentation
and processes, leading to insufficient integration of ecological assessments in strategic
planning efforts. As a result, national strategic acts like development programs and
sectoral strategies often bypass the rigorous ecological scrutiny necessary for ensuring
sustainable development (Smutny et al., 2021). This gap results in fragmented and
inconsistent environmental assessments incompatible with international standards,
including these outlined in the SEA Protocol.

Today, Uzbekistan’s legislation lacks a formal foundation for SEA execution,
although the country has been taking steps to enhance its investment environment
as part of its broader economic growth strategy.

The absence of SEAin these cases has revealed gaps in environmental planning,
particularly in assessing cumulative impacts and fostering effective stakeholder
engagement. By way of demonstrating a strong sustainability commitment,
implementing SEA under such projects would echo Uzbekistan’s priorities of nature
conservation and enhancing its investor attractiveness.

Public participation in EIA and SEAUZ procedures is currently minimal and not
systematically integrated, falling short of international norms. Public consultations
are often non-mandatory and infrequent, thereby diminishing the community’s ability
to influence ecological decision-making.
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The current system is likewise hampered by insufficient resources and lack of a
clear institutional mandate to execute SEAs effectively (OSCE, 2021). This inadequacy
is evident in the absence of detailed SEAUZ procedures, inter alia screening, scoping,
and environmental reporting. Additionally, there is still ambiguity regarding the roles
and responsibilities of different governmental bodies in the SEAUZ process, leading
to inefficiencies and overlaps in environmental governance.

The limitations of Uzbekistan’s current EIA and SEAUZ system are stark when
compared to the comprehensive requirements of SEA as outlined in international
frameworks such as the SEA Protocol. The lack of a systemic approach towards
SEA means that strategic documents often fail to encompass broad nature-related
considerations, resulting in decisions that may not fully account for long-term
ecological impacts (OSCE, 2021). While EIA focuses on project-specific impacts, SEA
is designed to evaluate the environmental effects of policies, plans, and programs
at a higher strategic level. This higher-tier scope is crucial for SD, yet remains
underdeveloped within Uzbekistan’s current framework.

Moreover, the ongoing system's deficiency in terms of public participation
and transparency represents a significant shortcoming. International SEA standards
emphasize the importance of engaging the public and stakeholders early on and
throughout the assessment process, ensuring that every voice is heard, and that
decision-making is more democratic and informed. In contrast, Uzbekistan’s existing
processes do not adequately facilitate such engagement potentially curbing public
trust and delivering suboptimal environmental outcomes.

2.2.1. Recent initiatives and law-making

During 2018-2021, in collaboration with UNECE and Organization for Security
and Co-operation in Europe (OSCE), the national Ministry of Ecology, Environmental
Protection and Climate Change (MEEPCC) undertook projects aimed at reviewing
national legislation, proposing enhancements, and raising awareness regarding SEA.
As part of these initiatives, the law on SEA was drafted and underwent review by
relevant government agencies. Additionally, a needs assessment was conducted to
evaluate the requirements for SEA implementation, leading to the elaboration of the
Action Plan for SEA Execution in the RUz (Smutny et al., 2021).

The Law of the RUz “On State Ecological Appraisal and Environmental Impact
Assessment” (anticipated in 2024) represents a significant step towards bridging this
gap serving a core regulation on Strategic Environmental Assessment in the country. As
of May 20, 2024, the act had underwent public discussion via the Portal for Discussing
Draft Normative and Legal Documents (six proposals received), concluding the public
discussion phase (RUz, 2024).
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As per current legislation, it is imperative to ascertain the compatibility
of diverse economic and other activities planned or ongoing within the country’s
territory with ecological standards as well as to assess their feasibility. The State
Environmental Appraisal Center, operating under the MEEPCC auspices, conducts
state ecological appraisal through its branches in the Republic of Karakalpakstan,
constituencies, and the city of Tashkent.

2.3. Pilot SEA projects

In the absence of a functional national legal framework on SEA, in the RUz the
strategic environmental assessment is currently only possible on a pilot or voluntary
basis with a rather limited scope, thereby not fully leveraging the benefits of the
mechanism. Given the situation, pilot SEA applications are particularly valuable for
“testing” draft SEA provisions and building the necessary capacities. Several pilot
SEAs supported by foreign institutions are currently in progress in Uzbekistan - for
example, the German Society for International Cooperation (GIZ) conducted the SEA
of the 2022-2023 Roadmap for the 2030 Concept of Forestry Development of the RUz
(Decree of the President #PP-4850, 2020; Khotuleva et al., 2023).

Additionally, the project known as “Support for the Implementation of a Pilot
Strategic Environmental Assessment” was executed by the Global Green Growth
Institute (GGGI) in collaboration with the French Development Agency (AFD) and
MEEPCC. That initiative focused on the Charvak Free Tourist Zone (FTZ), as detailed
in Presidential Decree No. DP-5611 of January 5, 2019 (News, 2023). The Charvak FTZ
project - launched in February 2023 and concluding in December 2024 - is situated in
Bostonlik District of Tashkent Region and hallmarks the first practical implementation
of SEA in Uzbekistan, and seeks to advance sustainable tourism by examining the
prospects and obstacles in terms of applying strategic ecological evaluations in
Uzbekistan.

The Charvak FTZ is a strategically designated area (Fig. 1.) created following
Presidential Decree No. PF-5273 of December 5, 2017. Spanning 94,805 ha, the FTZ
was established to capitalize on the region’'s tourism potential, improve recreational
opportunities, and stimulate economic growth through modern investment strategies.
The Charvak FTZ is a crucial element of Uzbekistan’s holistic strategy of improving
tourism infrastructure and fostering SD.
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Uzbekistan

Legend

7 Charvak Free Tourist Zone in Bostonlik District
Tashkent region

Fig. 1. Location map of the Charvak FTZ in Bostonlik District, Tashkent
Region, Uzbekistan.

During the implementation of the pilot project, significant challenges arose,
particularly as to stakeholder engagement, especially local authorities, throughout
the SEA process. The issues encountered largely stemmed from the absence of explicit
domestic regulations, i.e. not delineating the responsibilities of the parties involved
in SEA execution. Consequently, the importance of voluntary participation was not
consistently acknowledged. Furthermore, the lack of adequate information from
public sources to assess the impacts on the nature and human health posed a problem.
Coupled with the lack of a centralized database to support the required analyses,
the absence of a structured SEA framework in Uzbekistan further complicated the
situation.

The Charvak FTZ SEA outcomes outline a definitive strategy for tackling local
ecological concerns. Significant obstacles - like landscape deterioration, biodiversity
risks, water and air pollution and waste management challenges - necessitate
immediate target actions. Considering the situation, the SEA put forward various
strategies tomitigate adverse impacts, including the enforcement of robust sustainable
land use and construction regulations, creation of designated eco-zones to safeguard
sensitive habitats, and implementation of thorough waste management schemes.
Further suggestions highlighted the importance of enhancing public transportation
networks to mitigate air pollution and constructing sewage treatment plants to avert
water contamination. The strategies outlined are designed to reduce environmental
risks and promote the sustainable advancement of the Charvak FTZ.
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3. Results and discussion

Effective execution of SEA in Uzbekistan encounters numerous substantial
obstacles - the corresponding proposed solutions as per this study’s findings are

presented in Table II.

Table Il. Main challenges of SEA in Uzbekistan and proposed solutions.

Main challenges

Proposed solutions from the research

Lack of national legislation to support SEA
execution

Currently, there is no legal basis for applying
SEA for PPPs in Uzbekistan. However, a
preliminary legal document was drafted and
underwent public discussion (as of June 3,
2024). It is essential to finalize and adopt this
legal act as soon as possible.

Insufficient capacity to efficiently coordinate
environmental assessment procedures among
governmental authorities

Uzbekistan’s authorities lack experience in
coordinating SEA due to its novelty. To close this
gap, blanket capacity-building is necessary.

Lack of procedural clarity and ambiguity
surrounding the roles and responsibilities of the
key actors involved in health impact assessment

Although the responsibilities and participation
of the main actors in SEA implementation are
clearer in terms of environmental assessment,
the actor roles and participation in health
impact assessment are not clearly defined. The
new law should address this aspect.

Shortage of experts proficient in
environmental and health analyses

Uzbekistan possesses a sufficient number of
experts in EIA and State Ecological Appraisal
(SEAUZ); however, there is a notable lack

of experience of Strategic Environmental
Assessment. To address this deficiency, it is
imperative to organize training programs abroad
for target experts to acquire international
experience, and arrange training sessions
involving globally recognized experts;
furthermore, introducing SEA as a discipline
at higher education institutions represents the
primary solution to mitigate this issue.

Lack of necessary information, inadequate
or poor-quality data in open sources, and
difficulties in  obtaining relevant information

Posting information necessary for SEA on the
government website “Open Information Portal
of the Republic of Uzbekistan”, supplementing
existing national information with regional and
local information and ensuring their regular
updates; further strengthening information
dissemination by mandated organizations

such as state bodies and scientific research
institutes.

The suggested steps can greatly improve Uzbekistan’s capacity to properly
execute SEA, thus reinforcing environmental governance and advancing SD practices.
Effective implementation of these solutions requires coordinated efforts on behalf of
authorities and pertinent stakeholders, promoting a collaborative strategy towards
SEA.
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The insights from pilot SEA projects, such as the Charvak FTZ, provide valuable
support for these findings. The Charvak FTZ pilot SEA - conducted in collaboration
with GGGI and AFD - has highlighted several critical issues, including stakeholder
engagement predicaments, particularly local authorities, due to poor familiarity with
SEA processes and unclear responsibilities. Moreover, the absence of high-quality
baseline data on environmental conditions like biodiversity and water resources
limited the assessment’s comprehensiveness. These shortcomings were compounded
by the absence of a national SEA framework, leading to fragmented coordination
among agencies and delayed decision-making. Despite these hindrances, the pilot
demonstrated the importance of establishing a legal framework, improving data
accessibility, and enhancing stakeholder engagement to ensure SEA’s success in
Uzbekistan.

Uzbekistan’s development of its SEA framework is informed by international
instruments, including the SEA Protocol to the Espoo Convention and EU SEA Directive.
The draft SEAlaw of the RUz reflects international standards thereby laying groundwork
for environmental assessments tailored to the nation’s unique legal and governance
context.

By incorporating the lessons learnt from the Charvak FTZ pilot project,
Uzbekistan can close the existing gaps effectively. For instance, targeted trainings
for stakeholders and public servants would raise their SEA awareness. Additionally, a
centralized ecological database would boost the quality of future assessments. These
practical measures are vital for aligning Uzbekistan’s SEA practices with international
norms while also customizing them to local conditions.

Uzbekistan has been harmonizing its practices with global standards while
simultaneously adapting the SEA framework to suit local peculiarities, acknowledging
the current capabilities of its institutions and existing environmental law. The insights
obtained from domestic pilot SEA projects reiterate the findings of this study - the
former demonstrate that the prevalent lack of familiarity with SEA among local
stakeholders manifests a considerable burden to effective implementation, highlighting
the necessity for targeted training and more explicit procedural guidelines.

By implementing target and contextually relevant responses to these challenges,
Uzbekistan has the potential to endow a fully operational national SEA framework
stimulating SD in line with international environmental governance models.

4. Future prospects
The future of SEA in Uzbekistan holds significant promise as the country is

increasingly recognizing the importance of sustainable development and nature
protection. As the country moves towards adopting holistic SEA legislation, it is
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possible to note several emerging trends and opportunities. The anticipated Law of
the RUz “On State Ecological Appraisal and Environmental Impact Assessment” - due
in 2024 - represents a pivotal step in formalizing SEA practices. This legislation is
poised to provide a robust legal foundation, thereby facilitating SEA mainstreaming
into national PPPs.

Continuous efforts to build capacity among government authorities, planners,
and stakeholders will be crucial for nurturing necessary skills and knowledge required
for effective SEAexecution. Additionally, international collaborations and partnerships
could offer valuable expertise and resources, helping to boost institutional facility
and best practices.

Implementing pilot SEA projects, as done currently with foreign support, will
serve to “testing” and refining SEA procedures. Such pilot actions are instrumental
in providing practical insights and lessons that can inform broader SEA application
across various sectors in Uzbekistan. By examining the outcomes and methodologies
of these pilot projects, stakeholders can identify effective strategies and potential
pitfalls, thereby raising the overall cogency of SEA practices.

Leveraging advanced technologies like GIS and remote sensing can cardinally
enhance SEA quality and efficiency. These technologies can facilitate improved data
collection, analysis, and visualization, making SEA more potent in terms of identifying
and mitigating ecological impacts. The integration of such technologies can also
streamline the assessment process itself, providing more accurate and exhaustive
environmental data to inform decision-making.

Enhancing public participation and transparency in the SEA process is
critical for fostering trust and collaboration. Forging clear stakeholder engagement
mechanisms and ensuring public access to relevant information is fundamental in this
regard. Globally, there is a shift towards increased inclusivity in SEA processes, which
Uzbekistan is incorporating by expanding the government website “Open Information
Portal of the Republic of Uzbekistan”. This web portal can be further developed to
serve as a platform for disseminating information and facilitating public input. By
promoting transparency and inclusivity, Uzbekistan can ensure due consideration of
diverse viewpoints, thereby elevating the legitimacy and validity of SEA outcomes.

Given Uzbekistan's strategic location in Central Asia, it possesses substantial
potential for regional-level ecological cooperation. SEA has been globally used
as a tool for transboundary environmental collaborations, and Uzbekistan’s SEA
framework could promote similar initiatives in Central Asia. Collective SEA initiatives
with neighbouring countries could address transboundary environmental impacts and
promote regional sustainability. Inits turn, such co-action could lead to the emergence
of harmonized ecological standards and practices, fostering a more integrated and
effective nature management modus operandi across the region.
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5. Conclusion

The detailed analysis of SEA in Uzbekistan pinpoints significant challenges and
opportunities for bettering environmental governance and promoting sustainable
development. The forthcoming Law of the RUz “On State Ecological Appraisal and
Environmental Impact Assessment” is crucial for formalizing SEA practices and
integrating them into national PPPs. Continual capacity-building through trainings,
workshops and seminars is imperative for equipping government bodies, planners,
and stakeholders with the necessary skillset. Calibrating these efforts with global SEA
trends, such as strengthening public participation and increasing data transparency,
will ensure that Uzbekistan’s SEA framework meets international standards.

Pilot SEA projects have demonstrated the potential to refine procedures and
provide practical insights for broader application, as well as have contributed to the
growing body of global knowledge, offering a model for SEA implementation in other
emerging economies facing similar challenges. The case of the Charvak FTZ pilot SEA
emphasizes the importance of addressing data gaps and engaging local stakeholders
systemically. The project insights underscore the necessity to enhance inter-agency
coordination and establish baseline environmental data to support effective SEA.
Advanced technologies like GIS and remote sensing can aid data collection, analysis
and visualization, improving the overall SEA efficiency and effectiveness. Following
global shifts toward digital integration in SEA, these technologies will support
Uzbekistan in conducting more data-driven and transparent assessments. Enhancing
public participation and transparency via stakeholder engagement mechanisms and
developing the “Open Information Portal of the Republic of Uzbekistan” will garner
trust and collaboration.

Regional cooperation in Central Asia provides an additional dimension for
leveraging SEAto achieve transboundary ecological objectives associated, for example,
with shared water resources and biodiversity conservation. Establishing collaborative
regional-level SEA frameworks can facilitate knowledge sharing and cross-adjust
national sustainable development policies. Uzbekistan’s active participation in these
efforts can set a precedent for regional environmental governance.

In summary, successful SEAimplementation in Uzbekistan depends on legislative
enhancements, capacity building, technological integration, public participation, and
regional cooperation. Delivering on these tasks will improve ecological governance
and support SD, ensuring the protection of natural resources for future generations.

Concluding, it is worth mentioning certain limitations that this study has faced.
The analysis was predominantly based on secondary sources, such as legal documents,
policy and pilot project outcome reports. Albeit abundant and substantive, these
sources may not comprehensively reflect the latest or undocumented SEA related
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developments within Uzbekistan. Further research should focus on integrating
primary data collection methods, including interviews and field-based assessments,
to validate findings and expand the analysis scope. Additionally, longitudinal studies
could help evaluating the long-term impacts and adaptability of SEA in Uzbekistan,
offering valuable insights for other countries with similar contexts.
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1. Introduction

Climate change has become a global phenomenon today, but the Sahel countries
feel its effects the hardest due to the proximity of the desert and scarcity of natural
resources. The international scientific community considers Chad one of the climate
change hot spots in the world (Bedoum et al., 2017; FAO, 2021). The growing frequency
and scale of extreme weather events like floods, droughts, heat waves and violent
winds indicate that climate has been drastically altering over the recent decades in
Chad (PANA, 2010; Baohoutou et al., 2014; IPCC, 2024). However, these phenomena
will become even more intense and frequent in the coming decades. Indeed, climatic
hazards negatively impact the functioning and productivity of agricultural systems
and make communities and ecosystems increasingly vulnerable (World Bank, 2021).
The agricultural sector occupies a preponderant place in Chad's economy, employs
over 80% of the working population, and generates considerable farmer income
(Third NCCC, 2020). Lake Chad, once the main location for the population to reside,
has been drying up rapidly due to overuse and climate change. With mounting mean
annual temperatures (by 0.7°C since the 1970s) and due to overexploitation and
misuse, Lake Chad - formerly a source of livelihood for over 30 mln peasants - has
shrunk by 90% during 1960-1990 (Bedoum et al., 2017; Adelphi, 2021). This has
exacerbated crop failures, pasture degradation, water scarcity and conflicts leading
to negative livelihood outcomes (Bedoum et al., 2017; FAO, 2021; Lamarche, 2023).
It is therefore important to assess the country’s capacity to adapt to climate change
while considering effective communication and knowledge transfer as a prerequisite
for sustainable adaptive action.

Chad's heritage in terms of climate information has evolved insignificantly
over the past years. The First National Communication on Climate Change (NCCC) was
submitted to the United Nation’s Framework Convention on Climate Change (UNFCCC)
in October 2001, and the Second NCCC - in June 2012. The National Action Plan for
Adaptation to Climate Change (PANA-Chad) was developed in 2009 and submitted
to the UNFCCC in February 2010. It comprises ten priority projects focusing inter
alia on water management, crop intensification and diversification, management and
restoration of soil fertility, education, information and communication on climate
change (National Strategy for the Fight against Climate Change, SNLCC, 2017). The
projects above with the total budget of US$14.2 mln target three bioclimatic zones
(Sudanian, Sahelian and Saharan) inside Chad (SNLCC, 2017). The Normal Action
Program for Adaptation to Climate Change (PANA, 2010) was adopted under the
theme of “traditional know-how in adaptation to the harmful effects of climate
variability, past and current climate change”. Domestic sectors highly vulnerable
to climate include water resources, agriculture, livestock, fishing, and forestry.
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Meanwhile, climate change communication represents a sensitive and delicate issue
that institutions and stakeholders in the field face, and as such efforts to strengthen
the performance of public policies and communication campaigns deserve particular
attention.

In the context of climate resilience, the Chadian government is often supported
by private associations, non-governmental organizations (NGOs), as well as agronomic
and environmental institutions (SNLCC, 2017). Farmers need to adapt to the effects
of current or expected climate change but for adaptation to be sustainable, it is
necessary to communicate and interact with the main climate actors and thematic
organizations (Zachary and Faulkner, 2016; Odeleye, 2018; Zafezeka et al., 2019).
The ongoing targeted actions are insufficient and require a broader perspective.
Central African countries have forged a trans-border approach to ensure regional
collaboration rather than isolated policy frameworks (Fallah et al., 2024). Such
inter-governmental liaising is inexistent in the Sub-Saharan Africa, and the previous
research has not yet evaluated the efficiency of communications in building local
farmer adaptive capacities in the Sub-Saharan African countries. This study aimed to
bridge this scientific gap.

Today, the agricultural sector is highly vulnerable due to its dependence
on nature, and the traditional coping systems utilized by the population are not
sustainable (FAO, 2012). Effective adaptation requires a combination of scientific
and traditional knowledge systems (FAO, 2011; Hobson and Niemeyer, 2011; Merzdorf
et al., 2019). Chad still lacks a formal mechanism for centralizing information
related on climate actions and fostering information exchange among various sectors
concerned - be it inside the country or interacting with sub-regional, regional and
international entities working on the same issues (TNCCC, 2020). Communication
is carried out through a number of channels, including institutional, media, socio-
traditional, participatory and educational (Ouédraogo et al., 2020). In rural areas,
farmer-to-former extension approaches allow sharing knowledge and experiences
(Mkisi, 2014; Prokopy et at., 2017; Zafezeka et al., 2019).

In Central Asian countries, climate change communication and education
have been prioritized in policies. Studies by Sabyrbekov and Overland (2023) have
revealed that knowledge is power and coping strategies get effectively transformed
through knowledge transfer. The Comprehensive Action Plan for Climate Change
Education targeting government institutions, academia, private sector, civil society,
international organizations and local communities in countries like Kyrgyzstan
manifests a solid foundation for adaptation. The Plan aims to mainstream climate
change into formal education and training, including gender and indigenous knowledge
systems (UNESCO, 2024). This has built the adaptive capacity of farmers in the
country. On the contrary, the Sub-Saharan countries still face challenges in terms
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of rendering easily accessible information and knowledge to enhance agricultural
research and transform local-level coping practices.

The Mont-Illi Division is essentially a rural area with agro-pastoral activities
as the main type of economic activity. Knowledge and information on adaptation are
disseminated mainly in printed form; and the lack of sufficiently qualified climate
experts does not allow adequate provision of climate products and services to rural
producers. Studies by Bautista et al. (2017) and Evans et al. (2018) have pointed to
the social media as effective platforms for climate change communication, yet the
absence of Internet connection complicates not only the collection and transmission
of meteorological data, but also the dissemination of climatological information
and services among potential beneficiaries. Also, inadequate financial resources do
not permit periodic meetings with planners and decision-makers to enable them to
better understand the meaning and scope of meteorological information in order to
better integrate it into their programs and action plans. According to Merzdorf et al.
(2019), the illiteracy of most of the rural residents often leads to non-compliance
with technical advice. The decline of certain institutions responsible for information
dissemination and the lack of adequate technology also pose major problem (McGahey
and Lumosi, 2018). For instance, poor fitting of researchers and agricultural extension
entities with data and communication equipment limits climatic service provision
(Moye et al., 2020).

Considering the challenges described above, this research targeted examining
pathways in climate change communication and the extent to which they have
transformed and strengthened farmer adaptive capacities using the case of Chad’s
Mont Illi Division.

2. Materials and methods

2.1. Study area

The Mont-Illi Division is located in the Mayo-Kebbi Region in Chad’s southwest
between lat. 3° and 7° north, and between long. 5° and 17° east of the Greenwich
Meridian (Fig. 1). The local population is mainly engaged in crop farming and livestock
rearing (Reyanbélé, 2023). Created in 2004 by Decree #115/PR/PM, the Division’s
capital is Fianga, and it has five sub-divisions: Fianga Rural, Hollom, Gamé, Kéra,
Tikem, and Youé. According to the 2009 General Housing and Population Census, the
division’s estimated population is 228,366 people. As per the Koppen classification,
the local climate is characterized by long dry season and short rainy season. The
mean annual temperature amounts to 28°C and precipitation - to 606.9 mm,
although droughts are common. Located between Cameroon and Chad, the Mont-Illi
Division extends along the border separating the two countries around lat. 10° north
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and long. 15° east. Its hydrological system includes Lakes Tikem and Youé and the
Gourmouie River; water shortages are frequent. This part of Chad is dominated by
the Toupouri (Tupuri) with the majority of their population living in the northern part
of Cameroon.
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Figure 1. Location of the study area (source: Sogeffi data base, Chad 2022,
Google Earth pro, Field data).

The Toupouri people are excellent breeders and farmers, and cultivate multiple
crops like millet, peanuts, cereals, rice, potatoes, cassava and cotton to name just
a few. Livestock breeding focuses on cattle, goats and poultry. However, the local
livelihoods have significantly degraded in recent years under the combined effects of
several factors, the most notable of which are climate change and rapid demographic
growth (Reyanbélé, 2023). Altering climate has led to lower precipitation, in turn
bringing down agricultural yields and pastureland, as well as exacerbating agro-
pastoral conflicts for shrinking resources across the entire region (Lamarche, 2023)

2.2. Data collection and treatment

In terms of harvesting secondary and primary data, this research adopted a
mixed methods approach. Documentary review consisted of consulting online articles,
reports, archived articles, and dissertations in libraries and institutions such as the
Research and Training Center for Development (CEFOD) in N’Djamena and National
Agency for the Support of Rural Development (ANADER). Primary data were collected
via household questionnaire surveys, key informant interviews and field observations.
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As per the 2009 General Housing and Population Census, the population of Mont Illi
was estimated at 228,366 inhabitants. Using the formula [n=N/1+N(e)?], the sample
size of 350 was computed. Quantitative data were gathered using questionnaires
administered to 350 randomly selected households engaged in agriculture. To get
expert information, 16 in-depth interviews were conducted with journalists working
at local radio stations (3), an agent from ANADER, CEFOD, head of agricultural posts
(4), representatives of farmer groups (3), agricultural technicians (2), and traditional
authorities (2). During interviews, voice notes were recorded using a dictaphone,
and some interviews were conducted via telephone.

The data collected were processed both qualitatively and quantitatively.
The voice notes recorded during the interviews were transcribed verbatim, coded
and treated using the Atlas.ti software. The analysis were done according to the
contents and themes identified in the research objectives. To lay emphasis on
certain points, excerpts were extracted from the transcribed data to support figures
from the household survey. In their turn, questionnaires were coded and processed
quantitatively with the aid of Statistical Package for Social Sciences (SPSS) software.
The outputs were generated in the form of percentages (%), tables and charts.

3. Results and discussion

3.1. Stakeholders in climate change communication

In Chad, the number and diversity of actors involved in the production
and implementation of agro-climatic services are visible through their various
interventions. The main actors involved in climate communications in the Mont-Illi
Division operate at different levels: international, national, and divisional (local)
(Table I.).

Table I. Stakeholders in climate change communication.

Category Stakeholders involved Role

International Food and Agricultural Financing, provision of agro-
Organization (FAO), climatic information and
Small Initiatives Program services, project support,
(PPI), World Bank, African training of agro-climatic agents

Development Bank, etc.

National Academic institutions, ANADER, | Generation of agro-
the media (radio, television, climatological information,
newspapers, etc.) training of agro-climatic

agents, weather forecasting,
dissemination of information
and climatic alerts
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Table I. Cont.
Local ANADER-Section, peasant Agricultural assistance,
groups (ex. Federation of generation and dissemination
Peasant Groups, Association of agro-climatic information,

of Youé (FEGAPY)), the media | training
(community radio), local
councils, etc.

Traditional authorities Performing rites and rituals

Farmers Dissemination of indigenous
knowledge and practices among
themselves

Table | demonstrates a broad spectrum of actors producing and providing
climate related services in the agricultural domain. Despite their status, they
engage in certain concerted efforts in the field, as their sole objective is to reduce
vulnerabilities and build adaptive capacities of farmers (end-users). The FAO plays
an important role in this sense - the collaboration between its Mont-Illi divisional
branch and the city of Bongor is effective; its interventions in training workshops
have focused on issues related to agricultural production and food security. Since
2006, the Small Initiatives Program (PPl) has supported civil society organizations
through funding small projects to preserve biodiversity and combat climate change.
In Mont-Illi, the project carried out by the PPl in coordination with Local Orientation
and Decision Bodies (ILOD) extends over approx. 27,000 ha of farmland and about
50 villages with nearly 65,000 inhabitants. Affected by years of severe drought
and poor operating practices, local communities enjoy support and aid on behalf
of numerous development programs, including in terms of resource management
to ensure sustainable farmer livelihoods. These programs provide guidance on the
various aspects of agro-sylvo-pastoral activities, areas fully protected for fishing,
areas of pastoral regeneration and transhumance corridors.

At the national level, the Chadian government puts emphasis on training
agricultural technicians. Institutions like the Technical School of Agriculture (ETA)
in Ba-Illi, University Institute of Agricultural Sciences (IUSAE) of Sarh, Agricultural
Education Center (CETA) in Doyaba, Higher Institute of Agricultural Techniques (ISTA)
in N’Djamena, Higher School of Agricultural Techniques and Forestry (ESTAF) in
N’Djamena, Agro-Sylvo-Pastoral Training Center (CFAP) in N’Djamena train and build
capacities of young Chadians on sustainable agricultural practices, especially smart
agriculture.

The Rural Development Support Agency (ANADER) is also playing a key role
in this respect. Created December 31, 2016 as per Law N035/PR/2016, ANADER is
currently carving out a new mission in facilitating the intensification and diversification
of agricultural products, training and structuring organizations of agricultural
professionals for the effective management of collective actions, providing
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advisory support to producers and their organizations in the field of management
and maintenance of agricultural works. It also fosters research on crop and animal
production. The Agency has already executed several joint targeted initiatives -
Project to Strengthen Resilience to Food Insecurity and Nutrition in the Sahel (FAO
P2RS), Natural Resources Management Project (PGRN), Project to Strengthen Climate
Resilience and Sustainable Agricultural Productivity (Pro PAD), Rice Development
Project in the Chari Logone Plain (PDRI-CL), and Regional Support Project for the
Irrigation Initiative in the Sahel (PARIIS) - that have significantly improved farmers’
adaptive capacities.

The General Directorate of National Meteorology (DGMN) is the national actor
responsible for rendering meteorological and climatological services. In terms of
meteorological/climatological products and services, DGMN produces and makes
available to end users and partners the following information/products:

» agro-meteorological monitoring of agro-pastoral campaigns (10-day agro-
meteorological bulletins, seasonal forecast bulletins, etc.);

» agro-meteorological assistance to producers (10-day agro-meteorological
advice and operational agricultural calendars);

» weather monitoring and assistance to the general public (daily weather
forecast bulletins).

Given that climatological data are often rare, DGMN also trains volunteer
observers for rainfall and agro-meteorological stations, as well as holds seminars for
farmers and breeders across the country to raise awareness on the importance of
applying agro-meteorological information to boost agro-pastoral production. DGMN
disseminates information among farmers through public and private media locally,
and sometimes allows climate service providers to receive feedback from end users.
The engaged media entities include the RNT National Radio physically located in
N’Djamena and covering the entire division’s territory, Terre Nouvelle Radio located
in Bongor, and Voice of Mont Illi Radio (a local community radio station).

At the local level, there operate several federations of peasant groups and
associations, also serving as centers for disseminating agro-climatic information,
and sharing knowledge, good practices and experiences - Federation of Peasant
Organizations for the Development of the Mont-Illi Basin (FOPDBI) created in 1992
with 60 groups (50 male, 10 female) and 4,318 members; Federation of Groups and
Associations for the Development of Mouta (FEGAPDRM) created in 1992 bringing
together 10 unions (5 unions of women's groups and 5 unions of men's groups), as well
as 56 groups from 29 villages; Federation of Unions of Rural Groups and Associations
of Tikem (FUGART) created in 1992 with 102 groups and 2,210 members; and,
Federation of Peasant Associations for the Economic Development of Cabra (FAPDEC)
created in 1994 with 622 members (including 122 women).
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3.2. Information types and dissemination channels

The household survey revealed that in the Mont-Illi Division, agro-climatic
information is popularized by a multidisciplinary team made up of agronomists, soil
scientists, agricultural extension agents, climatologists, traditional authorities, and
local farmers themselves. The type of information depends on the service provider
(Fig. 2).

Fertilizer availability
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Pest and diseas outbreaks
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Planting dates
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Climatic alerts
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Figure 2. Types of agro-climatic information disseminated in Mont Illi.

Based on Fig. 2., the agro-climatic information disseminated among local
communities is mainly related to: climatic alerts (14%), smart agricultural practices
(10%), changes in agricultural calendar, especially planting dates (20%), pest and
disease outbreaks and control methods (17%), traditional practices (25%), new
techniques and improved seedlings (8%), and availability of fertilizers and other
inputs (6%).

3.2.1. Climatic bulletins and alerts

Climatic alerts mainly cover rainfall repartition, especially the onset of the
rainy season that marks the beginning of the planting season, and extreme events
such as droughts and floods. Seasonal forecasts made by the National Meteorology
Service (NMS) give the overall configuration of the rainy season. Weather experts
observe seasonal trends and classify them either as normal rainy or as rainfall deficit
seasons. If the forecast shows that the season will be in deficit, an alert report is sent
to government authorities and local communities so that they can take appropriate
measures. Seasonal forecasts are updated in early June, July and August, translated
into agricultural advice by the multidisciplinary working group, and then transmitted
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to different agents involved in extension to make them available to farmers via most
appropriate channels. According to the 2020 report by ANADER, the date of the rainy
season onset has been fluctuating over the years. The first rains are often recorded
within the first decade of April but not always significant to trigger crop planting
throughout the month. In some places, significant rainfall begins in May or June,
allowing localized sowing throughout the division. The months of July and August
receive the highest amounts of precipitation.

Extreme weather events such as floods and droughts are equally alerted by
the NMS. The localities that are often victims of this phenomena are Kéra, Fianga,
and Youé. Floods are frequently caused by torrential rains making rivers overflow.
On the one hand, in the 2019/2020 ANADER report, the Mont-Illi Division recorded
over 115 villages and over 10,472 ha of farmland affected by floods. The number of
households severely affected by floods was estimated at 2,494. On the other hand,
years of rainfall deficit and high probability of droughts are equally reported. These
reports usually come out before the launch of the agricultural calendar in order to
help farmers anticipate and take preventive actions.

3.2.2. Information on agricultural practices

Against the backdrop of climate variability and change, proper adaptation
in the agricultural sector requires adoption of smart practices. To do this, farmers
require technical know-how on the choice of land, cultivation techniques, irrigations
schemes, proper fertilization use, etc. All these require rigorous training and
information from farmers and extension agents. In addition, farmers should be able
to identify agricultural threats, as well as know diseases and pests, proper phyto-
sanitary control methods. These practices are often communicated to farmers by
farming groups and federations. Agricultural federations allow a combination of
scientific and traditional knowledge systems. For instance, farmers are provided
current information on crops as well as their ecological requirements (Table Il).

Table Il. Ecological requirements of main crops and their cycle durations.

Crop type Ideal temperature (°C) | Water requirements Duration (days)
(mm)

Corn +18 a +30 500 a 1000 45290
Groundnuts +24 a +33 400 a 1200 50 a 100

Rice +28 a +30 1000 a 1800 110-120
Sorghum +12 a +30 * 90-150

Cow pea +18 a +25 400 a 800 90-100
Penicillary +25a +30 200 a 800 75-100

Berber +12 a +30 * 75-100

Source: Rural Development Support Agency (DSA/ANADER), 2020.
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Table Il shows the main crop types and their main growth drivers. Given rainfall
unreliability, technical information on the optimal temperature and water needs of
plants as well the number of days required for the crop to mature permit farmers
to plan their activities, including irrigation schemes, and reduce vulnerabilities to
water shortages and heat stress. Equally, fertilization application extension agents
provide technical information on fertilizer types, dosage and time of application.
Most federations procure fertilizers and other inputs and sell them to federation
members at cheaper rates. It is through their workshops and seminars that practical
guides on fertilizer administration get disseminated.

3.2.3.Traditional/indigenous information and knowledge systems

Traditional information on agro-climatic phenomena in Mont-Illi relates
to peasant perceptions, and indigenous knowledge systems are information and
practices accumulated over the years of constant interaction with nature based on
past experiences and practices transmitted through generations. Peasant perceptions
are based on signs of nature, customs and traditions, as well as beliefs. Traditional
knowledge and techniques are crucial in information dissemination among farmers,
because farmer behavior, agro-climatic practices and strategies that they apply stem
from empirical know-how, intentional experimentation and constructed know-how.
As per the household survey, 76% of farmers claimed to be traditionally informed
through the interpretation of nature, while 17% stated interpreting agro-climatic
disasters using their traditions and customs. Accordingly to respondents, farmers
interpreted rainfall deficit based on the drying up of certain plants and flowering
behavior of certain plants; and forecasted the end of the planting season based on
the appearance of winged ants and dragon flies. This information, usually perceived
by traditional cattle herders, is shared among farmers and in groups.

In the Toupouri communities dominating in the study area, rites and beliefs
are very important in environment conservation - they manifest a source of ancestral
knowledge production and a means of communication among the “initiated”
community members. For instance, during drought periods, a sacrifice is performed
to appease the “gods”, as the belief is that prolonged droughts are a punishment
from the “gods”. Rites and rituals are performed at the beginning of each planting
seasons to ask for better yields. Equally, there are traditional techniques on soil
fertilization, ploughing by animals, manufacturing of traditional insecticides and
spraying of insect pests. For instances, the use of wood ash to send away pests and
diseases is a common practice among the Toupouri, as well as the use of cattle dung
to fertilize soil. Interestingly, during the interview is was revealed that cattle dung
is not only useful as fertilizer but also allows conserving moisture for longer periods
during water-scarce periods.
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3.3. Dissemination channels and techniques

The household survey revealed that farmers get agro-climatic information
through several channels (Fig. 3). This shows a combination of modern and traditional
sources, but the level of accessibility and technology used determines the number of
farming audiences attained.
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Figure 3. Channels used for disseminating agro-climatic information.

Fig. lll shows that farmers receive information from the radio (24%), mouth-
to-ear from other farmers (25%), agricultural federations (16%), extension agents
(14%), social media (10%), television (7%), and the Internet (4%). The mouth-to-
ear method of information sharing dominates. This fact demonstrates the role of
traditional/local knowledge systems in climate change adaptation. The survey
conducted under this study showed that farmers also use friends, neighbors or
family members to get agro-climatic information and good practices. Farmers show
solidarity through sharing information in funeral places, churches, in the field, during
home visits and traditional ceremonies. Information relating to pest and disease
outbreaks, as well as use of improved and drought resistant species is especially
converged through this channel. Agricultural federations and extension agents utilize
workshops, field demonstrations and seminars to ensure development of adequate
skills among farmers while strengthening confidence, mastery of agricultural tools
and understanding of planned adaptation strategies. Farmers in Mont-Illi are often
assisted by ANADER agents, NGOs and other external actors through programs and
projects. They also build capacity of extension agents on communication strategies
and interactive approaches.
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The community radio station - Voice of Mont Illi - broadcasts programs on
the environment and climate change as well as relays information from the National
Station, and equally runs programs in the local language. These programs attract a lot
of farming audiences, as many use phones to listen to the radio. Though still timid,
the use of the Internet and social media is becoming an important tool in information
dissemination. The surveys revealed the information shared through the social media
reaching the audience within a very short time. In every rural household, there is at
least one mobile phone often used by several people. When farmers and extension
agents receive climate information, they pass it on to other farmers through messages
and voice notes. Farmer groups and federations likewise utilize WhatsApp groups to
share useful information on a daily basis.

3.4. Nexus between effective communication and sustainable adaptive capacities of
farmers

Climate change communication plays a crucial role in agricultural practices
in terms of adaptation given the multiple challenges that farmers encounter. In the
face of dwindling natural resources and poor yields due to climatic shocks, farmers
adopt coping options which in most cases are autonomous and reactive. However, the
study’s findings revealed that short-term adaptation strategies are sometimes not
sustainable or fail to produce the required results due to the lack of preparation and
untimely interventions.

3.4.1. Amelioration of existing agro-climatic services and introduction of smart
practices

Communications on climate change adaptation have improved access to new
varieties and enhanced seedlings as well as information on crop type suitability and
adaptability to changes in agro-ecological conditions (Fig. 4). Altering farming practices
is also one of the advantages of climate communication. Agro-climatic information
contributes to the choice of sowing dates and implementation of new techniques.
Climate communication also makes it possible to improve technical performance,
initially through the valorization of water, which has become a rare resource at certain
periods in many villages. The household survey within the framework of this research
revealed that with access to information farmers have adopted improved seedlings
(30%), changed planting dates (18%), adopted drought resistant species (31%) and
abandoned water-intensive crops (21%).
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B. Improved Irish potato variety.
Figure 4. Drought resistant seedlings and improved crop variety.

Agricultural practices make it possible to develop and increase yields, although
to succeed farmers have to know how to determine the appropriate techniques. It is
in this sense that agro-climatic information plays a major role at this level in the study
area. Firstly, knowledge on the various factors involved in growth processes such as
water, plant and animal species, pests and diseases, facilitate enhanced agricultural
practices (A and B). This has already helped to build resilience of local farmers to
climatic shocks. The use of information is largely linked to its accessibility and quality
of current institutional offer. On the one hand, the existence of federations and local
groups has valorized traditional agricultural practices - for instance, the use of fallow
periods to enhance natural soil regeneration and animal dung application represent
ancient techniques utilized for soil conservation. On the other hand, ANADER agents
in collaboration with other institutions such as the FAO work on strengthening the use
of modern technologies to better support smart agricultural practices (Fig. 5)
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Figure 5. Materials offered by ANADER to support local farmers (source:
ANADER, 2020).

Fig. 5. shows equipment offered to local residents to promote adoption
of smart farming practices. The study revealed that 49% of farmers had received
watering cans, 27% -- sprayers, 16% -- wheelbarrows, and 8% benefited from tractor
services.

3.4.2. Rehabilitation of traditional knowledge systems

The Toupouri are an indigenous population with a plethora of traditional
practices transmitted across generations. These knowledge systems can help the
communities respond to the vagaries of weather, but the uncertainty of climatic
phenomena requires rehabilitation of such practices. In order to do so, they should
be recognized, documented and translated into policies. With strong traditional
institutions, it becomes possible for these practices to be taken up by agricultural
development operators rebranding and disseminating them among end-users. The
interviews under the study revealed that the extent of climatic risks depends on
the state of formations such as the availability of water resources and soil fertility.
The agents involved in providing agro-climatic services make use of the endogenous
knowledge of local farmers. The use of fallow techniques, crop association, seed
selection, mutual cultural assistance and organic manure application undergo
rehabilitation by agro-climatic technicians to combat climatic aberrations.

3.4.3.Building capacities of agricultural extension agents

Agricultural extension services aim to foster sharing of ideas and information,
so as to influence decision making and reshape farming practices. Extension services
should equally help farmers communicate among themselves. Yet, the efficacy of
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these services depends on the capacities of the agents involved. It was revealed
that over 50% of extension agents possessed little knowledge on climate change
communications, while 20% lacked effective communication skills. Workshops and
seminars organized by ANADER and NMS to enhance community effectiveness have
ameliorated interventions in knowledge acquisition and sharing, as well as their
competencies in carrying out field demonstrations. The use of modern information
and communication technologies has become instrumental in training extension
agents, allowing to respond to current trends and needs. This has helped them
not to only communicate better but also to change their extension approaches. In
Mont Illi, projects organized by the World Bank and African Development Bank in
collaboration with local stakeholders have equipped extension workers with the
required knowledge base and technologies to get climatic alerts at short notice.
Also, these service providers have been taught how to accompany farmers in their
endeavors by integrating their traditional knowledge into adaptation planning. By
partnering with farmer groups and traditional institutions, they were able to change
mindsets and belief systems that had shown limitations in the face of current climatic
and other environmental stressors.

3.5. Challenges in using agro-climatic information to enhance sustainable adaptive
capacity

Aware of the importance of agro-climatic information in building adaptive
capacity, the Chadian government has demonstrated political will by mobilizing local
and international actors, policies and resources to ensure that information reaches
the end-users. Nevertheless, the study’s household survey allowed identifying a
number of pending challenges (Fig.6).

H Inadequate climatic
stations

M Inadeuate Technical
personel

m Difficulties in decoding
climate data

B Socio-economic and
cultural barriers

B Erroneous beliefs and
customs

H Inappropriate technology

Figure 6. Challenges that farming audiences face in using agro-climatic
information for adaptation.



CENTRAL ASIAN JOURNAL OF SUSTAINABILITY AND CLIMATE RESEARCH (2024) 3(2): 63-88 @ 79

As per Fig. 5. the ongoing challenges are multiple and include inadequate and
lack of up-to-date climatic stations for in-situ data collection (19%), socio-economic
and cultural issues such as inadequate financing and illiteracy (23%), insufficient
technology such as cell phones and water pumps (21%), unqualified dissemination
personnel (17%), erroneous traditional beliefs and pseudoscience (15%), and inability
of farmers to decode and understand the transmitted information (5%). These factors
affect farmers’ ability to receive, accept, diffuse and translate information into
adaptive practices.

3.5.1. Poor state of the observation network for collecting and transmitting cli-
mate data

The current meteorological observation network in Chad is not only obsolete
but also does not cover the entire country’s territory, impeding the reliability of the
data harvested. According to the ANADER data management service, each year two
to three stations stop transmitting climate data due to malfunction of the stations
themselves or degradation of climate devices. As such, local stations rely on other
national agencies and disaster relief NGOs for support. The Mont Illi Division has
inadequate observation instruments and limited data on past and future climate
conditions (Table IlI).

Table Ill. Weather stations in Mont Illi and scale of data available.

Station Latitude Longitude Data availability and scale
Annual Monthly Daily

FIANGA S/PR [9.91 15.13 1980-2009 1980-2009 2000-2013
EF

YOUE 9.90 14.93 1980-2009 1980-2009 2000-2013
KERA 8.91 17.08 1980-2009 1980-2009 2000-2013
TIKEM 9.81 15.05 1980-2009 1980-2009 2000-2013
FIANGA 9.93 15.18 1980-2009 1980-2009 2000-2013
FIANGA CFPA [ 9.88 15.11 1980-2009 1980-2009 2000-2013

Source: Ministere de l'Environnement de [’Eau et de la Péche, MEEP (2020).

Table Il shows that six observation stations had operated in Mont Illi. The
measurements performed by these stations date back to 2009 (for monthly and
annual data) and 2013 (for daily data), i.e. these stations have not generated any
data for the last decade, because the equipment at the stations got either spoiled
or became outdated. Faced with these discrepancies, local stations depend on the
NMS for information and climatic alerts making local-level information dissemination
not timely.
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3.5.2. Inadequate technology and qualified personnel

Proper information generation and dissemination require adequate technology
at the production centers and at the level of end-users. At the level of climatic
stations, the non-functioning of observation stations had prompted the use of
satellite data requiring complex software. However, the technical know-how and
skilled personnel necessary to make satellite data exploitable are insufficient
and sometimes completely absent. The state of information and communication
technologies among farming audience poses yet another challenge. Although each
household has at least one person with a cell phone, those who own these tools are
mostly the youths, the majority of which are not interested in agriculture. The use of
the social media to disseminate information is also hindered by other factors such as
unsteady electricity supply and mobile connection. The generation of reliable agro-
climatic services adapted to user needs requires sufficient number of highly qualified
personnel. It was revealed that entities responsible for producing information do
not have enough technical staff, and the age of the available few does not allow
them to properly utilize modern communication technologies. In such a situation,
farmers are forced to deal with auxiliary staff and non-professional observers, or
rely on traditional facts to adapt to climatic hazards (Agricultural agent, personal
communication, Fabruary, 2024).

3.5.3. Difficulties in decoding and understanding climatic information

Talking to farmers who have access to climatic bulletins and alerts, they
acknowledged that climate related information is not communicated in simple and
easy to understand terms. For instance, a farmer said -

“...alerts are shared in our forum at times, but we are not able to understand
the technical jargon associated with agro-climatic information and how to use some
of the technical guides proposed by agricultural technicians...” (Farmer, personal
communication, Fabruary, 2024).

They also deplore the irregularity of training workshops and discrimination
in the selection of participants. In this light, findings from the household survey
revealed that 21% of farmers experienced difficulties understanding climatic alerts,
while over 45% had no confidence in agricultural extension agents and the information
they shared. Another 30% did not care about alerts and related information because
of their low French language proficiency; and 6% stated that the broadcasts to
communicate and promote agro-climatological products and services were done at
inappropriate time as well as never targeted those in dire need due to corruption and
favoritism. These factors made it difficult for interviewees to accept and implement
agro-climatic information.
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3.5.4. Socio-economic and cultural barriers

The analysis of the social representation of farmers, educational level and
income situation permits better understanding the ways farmers use agro-climatic
information in their agricultural practices. The household survey revealed that 54%
of the population had completed primary education, 17% completed secondary
education, and 19% had a university or professional degree, while another 10% did
not go to school at all. Such low level of education among farming audiences hinders
their ability to decode information and adopt technical prescriptions from extension
agents. Education and training shape peasant’s perception of climatic services and
their interaction with extension services as revealed by farmers in the following
excerpts:

“... Most of us farmers are not literate, and the agents who come to us do
not understand the realities we experience. They just come to finish their days and
leave thinking they have done their job, but we don't understand them at all. Every
year the scenario is the same. From this perspective, we view them as a non-event.
After they leave, we still continue with our old habits. Besides, we know our old
habits better than them...” (Head of farmer association, personal communication,
March, 2024).

“... | can barely cover the needs of my family, so why should | care about
something that can cost me. | trust in God. If it rains heavily then so be it. If there is
a rainfall deficit, why should | seek information? If there is no rain, will they be able
to create artificial rain for us?...” (Farmer, personal communication, February, 2024).

This perception of farmers about extension agents, which is culturally inclined,
has implications for the adoption of agro-climatic services and practices. Denial of
such services has been attributed to poverty, as farmer income is inadequate for
them to implement adaptation such as purchasing improved seeds and adopting
novel irrigation techniques. The annual income of farmers is low - more than 80% of
the community members earn from 100,000 to 350,000 FCFA. This situation largely
explains the low demand for agro-climatic services among farmers. The acquisitions
of new farmland requires significant investment, preventing farmers from expanding
their plots. Thus, the cultivated areas remain insignificant (over 50% of farmers
cultivate less than one hectare). In turn, the small farm size limits the deployment
of innovations and long term projects.

3.5.5. Erroneous beliefs and pseudoscience

Climate change is perceived differently by different communities, often
leading to misinformation. In Mont Illi, there are people who intentionally deny the
existence of climate change and scientific methods proposed to adapt to or mitigate
its impacts. They attribute climate change to the “anger of gods” or misfortune that
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require cleansing of the land. These beliefs have reached the level of pseudoscience,
making farmers deny the efficacy of policies intended to address the challenges, as
well as the credibility of climate scientists and extension agents. For example, an
extension said -

“..itisachallenging situation with usin the fields. How can they fight climate
change by performing sacrifices and organizing traditional ceremonies? Someone
needs to address this misinformation...” (Extension agent, personal communication,
March, 2024).

The Toupouri make up the local indigenous community with its own traditional
knowledge systems assisting in reading weather changes, including the belief that
traditional sacrifices can avert adverse meteorological events (Fig.7).

A. The “Few Kake” or Cock B. The “Féo Kagué” ceremony.
sacrifice.

Figure 7. The cock sacrifice and festival to appease the “gods” for rainfall.

The festival depicted in the images above represents an important event in
the lives of the Toupouri, and has certain implications for managing environmental
challenges. The “Few Kake” (Image A) as it is usually called is done to thank the
“god of rain” for the agricultural yields obtained in each household and implore his
goodness for better production for the next farming season or year. In its turn, the
“Féo Kagué” (Image B) ceremony is an opportunity for the community to invoke the
spirits of their ancestors while imploring their blessing for an abundant harvest during
the year. The crux of the matter is that believers in such practices tend to refute
scientific information and techniques that could actually assist them in responding to
the whims and caprices of climate.
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4, Discussion

Information is power, and climate change communication is prerequisite for
effective adaptation and mitigation. Given its high level of climatic vulnerability and
the negative impacts registered over the recent years in the vital sectors such as
agriculture, water and energy, Chad - after signing and ratifying the UNFCCC in 1993 -
developed its Third NCCC in November 2020 following its Second NCCC (SCNCC, 2013),
and First NCCC (CNI, 2001). As per the Chadian constitution, the government has
taken regulatory measures integrating climate change in policies, programs, projects
and development plans in the key economic sectors, including agriculture - the main
source of livelihood for the population. The application of these legal texts and
implementation of corresponding target actions oblige development actors and local
communities to take into account the measures planned in national communications
and the National Strategy for the implementation of the UNFCCC. Taking agriculture
as the main stay of the population, this study revealed the existence of diverse
actors and stakeholders involved in the production and dissemination of agro-climatic
knowledge and practices in order to improve the adaptability of farming audiences.

International (FAO, World Bank, African Development Bank), national (ANADER,
National Meteorological Service) and local actors (local councils, agricultural
federations, traditional authorities) make concerted efforts to boost farmer adaptive
capacities. These findings are corroborated by Hobson and Niemeyer (2011), Mkisi
(2014), Prokopy et al. (2017), and Zafezeka et al. (2019), portraying the importance
of coordinated climate change communication actions. This approach will enable
blending of scientific and traditional knowledge - the model which has been thoroughly
examined and critiqued in extensive scholarly literature (Egeruoh-Adindu, 2022;
Lauter, 2023; Moye, 2024; Kongnso, 2024).

The types of information and the channels utilized for its dissemination are
crucial and can shape the perceptions of audiences as well as build their adaptive
capacities. In Mont Illi, climatic alerts (14%), smart agricultural practices (10%),
changes in the agricultural calendar (20%), pest and disease outbreaks and control
methods (17), traditional beliefs and practices (25%), new techniques and improved
seedlings (8%), and availability of fertilizers and other inputs (6%) are the types of
agro-climatic information disseminated to the population. Dissemination channels
include radio (24%), mouth-to-ear (25%), agricultural federations (16%), extension
agents (14%), social media (10%), television (7%) and the Internet (4%). The media,
including traditional and social media, play a pivotal role in public communication
(Carvalho, 2010) of climate change needs, which represents a diverse landscape that
takes into consideration the interest of all groups, especially most vulnerable ones.
Classical methods of communication and knowledge sharing might be discriminatory,
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as in the majority of African communities only the elites and upper social class have
access to information. However, Evans et al. (2018) demonstrated that political
actors and elites alone cannot lead to collective social change for the environment
and climate change. As such, in most developing countries the agricultural sector has
focused on agricultural extension approaches and farming associations to disseminate
climate change information using non-formal education methods. Extension services
transfer cost effective and contextualized technologies and smart practices through
field visits, trainings and field demonstrations (Chindong, 2008; Mkisi, 2014; Odeleye,
2018; Tumbo et al. 2018).

Effective climate change communication and knowledge sharing empower
farming audiences and enhance their adaptive capacities. In Mont Illi, climate
change communication has allowed ameliorating existing agro-climatic services and
paved the path for the adoption of smart practices, rehabilitating current traditional
practices and building capacity of extension agents. For instance, with access to
information, farmers have adopted improved seedlings (30%) and drought resistant
species (31%), changed planting dates (18%), and abandoned water-intensive crops
(21%). These findings concur with the studies by McGahey and Lumosi (2018) and
Ouédraogo et al. (2020) holding that climate change communication is pivotal in
adopting sustainable adaptive options. However, many factors influence the ability
of farming audiences to accept and adopt climate change information. This research
allowed identifying the lack of up-to-date climatic stations (19%), socio-economic
and cultural reasons (23%), inappropriate technology (21%), unqualified extension
agents (17%), erroneous traditional beliefs and pseudoscience (15%), and the inability
of farmers to decode and understand the transmitted information (5%) as the main
limiting factors requiring attention of climate change communicators (Tumbo et al.,
2018; Moye et al., 2020; and Ouédraogo et al., 2020).

Like Sub-Saharan Africa, Central Asia is facing adverse climate impacts in
critical sectors such as agriculture, water, and energy (Sabyrbekov and Overland,
2023; Miholjcic-lvkovic, 2024; Fallah et al., 2024), yet the latter was able to employ
a different approach within a similar context. Unlike Chad that had developed a
national adaptation policy, the countries of Central Asia had endorsed a regional
climate adaptation strategy. Kyrgyzstan, Kazakhstan, Tajikistan, Turkmenistan, and
Uzbekistan had forged an adaptation strategy prioritizing information sharing and
political dialogue. With regional stakeholder collaboration, the Initiative Climat
International (iCl) aims to enhance collaboration and knowledge sharing for effective
adaptation through consultations, workshops, and regional conferences (iCl, 2024).

That said, Uzbekistan’s 3rd National Communication on Climate Change (2016)
criticizes the fact that climate change issues are addressed solely on websites of
government bodies or non-governmental organizations and are insufficiently covered
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by the media (Center of Hydrometeorological Services, 2016). Given that climate
change is transboundary, regional collaborations provide an excellent basis for
sustainable adaptation actions - an approach that can also work for the countries
of Lake Chad basin. Climate change education and communication are at the heart
of adaptation policies in Central Asia. For instance, in 2021, the government of
Kyrgyzstan presented the Comprehensive Action Plan for Climate Change Education
that targets public institutions, academia, private sector, civil society, international
organizations and local communities. The Plan aims to mainstream climate change
into formal education and training, including gender and indigenous knowledge
systems (UNESCO, 2024). Faced with these challenges, the IPCC (2015) opined that
the effects of climate change in Africa are exacerbated by low adaptive capacities,
and as such effective communication and knowledge sharing can reshape existing
practices and improve farmer adaptive capacities.

5. Conclusion

This study aimed to examine the extent to which climate communications and
knowledge sharing can enhance sustainable adaptive capacities of farming audiences.
Using the case of the Mont Illi Division in Chad, a mixed methods approach was applied
for data collection and analysis. The study’s findings indicate that climate change
communication occupies a central place in adaption policies in Chad. With already
three NCCCs between 2001 and 2020, the national government has demonstrated
political and integrated communication as a central pillar in the national adaptation
plan. The involvement of international, national and local actors has paved the way for
disseminating a variety of information types via diverse channels. Information types
include climatic alerts, changes in agricultural calendar, transfer of technologies and
smart practices, and availability of improved seedlings. Unlike in other areas where
the media play a central role in dissemination, farming audiences in Mont Illi have
more access to information from farming federations and traditional authorities. The
use of extension services in the transfer of contextualized technologies and training
seminars, field visits and demonstrations to share good practices have significantly
contributed to building adaptive capacity.

Nevertheless, challenges abound. The production of climate services is
hindered by the absence of weather stations, limited qualified personnel, information
inaccessibility, inadequate financing to purchase inputs, and erroneous traditional
beliefs. All these curb farmers’ ability to accept information and shift their practices.
To ensure sustainable adaptive capacities, it is necessary to strengthen institutions
providing information at all levels, reinforce agricultural extension approaches, and
integrate traditional knowledge systems into adaptation while putting clarity on its
importance and limits.
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1. Introduction

Climate change poses complex challenges for economies to adjust to
and mitigate the corresponding effects. Both from consumers’ and producers’
perspectives, resource-efficient behavior is required (Thegersen, 2021). On the
one hand, producers globally face risks associated with extreme weather events
and other related operational and long-term risks; on the other hand, compliance
with government environmental regulations puts additional pressure on them via
mounting corporate operational costs (Tingey-Holyoak et al., 2024; Unepfi, 2023).
Green economy practices by firms are essential for achieving sustainable development
objectives (Weick, 2016).

Climate change is an issue of planetary scale with no exception for developed
countries or the Global South, and financing climate adaptation efforts continues to
be an important topic of discussion. The establishment of state-funded institutions
to promote sustainable development, including support for technological innovation
of enterprises to reduce greenhouse gas (GHG) emissions and promote energy-saving
production, is essential across jurisdictions (Guo et al., 2020). However, adaptation
to environmental challenges and transition to green economy is costly for most
enterprises in developing nations (International Monetary Fund, 2022). In addition,
the dominance of small and medium-sized enterprises (SMEs) in developing countries
complicates the deployment of green economy innovations due to the insufficient
capacities and resources of most SMEs compared to large enterprises (Rodrigues &
Franco, 2023).

The empirical literature suggests that green corporate practices are driven by
a multitude of factors, ranging from company characteristics to state environmental
regulations (Alraja et al., 2022; Harakati et al., 2024; Jun et al., 2019; Siewers et
al., 2024). However, there is a lack of understanding of the factors behind firms’
behavior towards green practices in the context of developing countries, given
various constraints that small and medium enterprises face.

Central Asian economies are considered extremely vulnerable to climate
change, and sustaining economic growth requires government policy to meet multiple
challenges, including protecting the environment, reducing GHG emissions, as well
as the business community and environment internally adapting to the emerging
conditions (Brollo, 2023; Vakulchuk et al., 2023). Yet, the literature on green
economy for the region is rather limited. To the best knowledge of the authors, no
studies so far have focused on the sustainable development practices of enterprises
specifically in Central Asian economies, although rare investigations include target
countries in larger samples and examine the impacts of environmental trends on
general economic indicators (Brunelli et al., 2022; Isiksal et al., 2022).
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To contribute to filling this gap, this study has aimed to analyze the factors
affecting green economy practices of private firms in Georgia and Kyrgyzstan using
the World Bank Enterprise Surveys (WBES) 2023 data. Along with firm characteristics,
the dataset includes the Green Economy Module allowing to evaluate factors affecting
the adoption of CO2 monitoring and energy management measures. Thus, this study
contributes to the discussion of green economy driving factors from enterprises’
perspectives, an almost not explored matter for the Central Asian Region and
Georgia. Moreover, given the challenges related to data availability to examine the
climate change topic in developing countries, the use of the most recent firm-level
dataset with specific questions on sustainability practices enriches the understanding
of potential barriers for green transition. In its turn, the empirical analysis based on
the data from Kyrgyzstan and Georgia underlines the importance of the institutional
context varying by country.

2. Literature review

Environmental innovations by enterprises play a pivotal role in explaining
green economy dynamics. Studies indicate that environmentally friendly innovations
by firms depend on different factors ranging from company characteristics to specific
local business operation conditions, and government regulations. Among them,
participation in external economic activities often manifests itself as a strong factor
affecting green economic activities in the private sector. Thus, while examining this
relationship based on the global data, including the Central Asian Region, Siewers
et al. (2024) found that enterprises with higher participation in global value chains
demonstrated a more efficient use of energy and monitoring of CO2.

Using India’s data, Ali and Singh (2024) revealed a significant correlation
between the size of a firm and adoption of green economy practices. They concluded
that the impact of enterprise characteristics varies by firm size. For instance, female
ownership positively affects adoption in large firms but negatively in SMEs. However,
lean operations, research and development (R&D) spending, and international quality
certification positively influence the adoption of green practices in both SMEs and
large companies.

Some other firm characteristics, including managerial features and labor
force composition, are likewise argued as significant drivers of environmentally
sensitive behavior among enterprises. Harakati et al. (2024), examining the role of
CEO’s gender on climate change adaptation in Mediterranean countries, showed that
entities with female CEOs had a stronger commitment to environmental regulations,
such as CO2 emission control. Yet, studies indicate that not only internal corporate
features but also relevant government policies may explain green practices by firms.
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For instance, the study by Jun et al. (2019), focusing on the case of pakistan, argued
that - along with internal factors of firms, such as skilled labor and managerial
approaches to green practices - awareness about green products in the relevant
market and existence of government support are important for SMEs in leveraging
green innovation.

Government efforts to mitigate environmental challenges have some effect
on enterprises adopting more environmentally friendly practices. Thus, Lin & Ho
(2011) found that among logistics firms in China regulatory pressure and state
support successfully stimulated green practices, whereas uncertainties related to
the environment and complexity of green practices hindered their adoption. Public
environmental policies may have an effect on the financial aspects of enterprises.
Based on the data for firms in China during 2007-2020, Li et al. (2022) found that
the CO2 emission trading system had a positive impact on the cash holdings of firms,
with the effect more expressed in enterprises subject to more rigorous government
monitoring and enjoying fewer investment opportunities.

Previous empirical studies also indicate that environmental concerns and
state regulations have implications beyond firm’s internal financial behavior and may
spill over to the financial market. Perdichizzi et al. (2024) examined the relationship
between CO2 emissions and corporate values using the data for European private
businesses. The authors argued a negative relation between CO2 emissions by firms
and their market value, as high intensity of GHG emissions may lead to higher
environmental liability risks. Yet, this causal relationship may not be present or
be weak in developing countries, where financial markets are not fully matured to
reflect environmental conditions and regulations.

On the opposite, even without the corresponding government regulations
environmental concerns, including climate change effects, may represent a distinct
exogenous modifier of corporate behavior. The study by Benincasa et al. (2024),
investigating the coping strategy of firms in the face of climate change damages -
focusing on the sample of both developing and developed economies - argued that
companies experiencing losses due to weather conditions demonstrated a higher
probability of applying green practices and investing in long-term assets.

Other studies suggest that the movement towards a sustainable green economy
is closely related to technological innovation intensity in a market (for instance,
Alraja et al., 2022), i.e. Low technological innovation in an economy may not be
favorable for wider green economy practices.

Investment in green economy practices can be beneficial for firms by boosting
their performance. Petreski et al. (2024) investigated the impacts of investment in
environmentally sustainable practices on labor productivity in central and Southeast
Europe, as well as the Commonwealth of Independent States (CIS). They found that
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such investments had a strong effect on labor productivity, especially in firms with
prevailing low-skill labor force. Moreover, they underlined regional differences as
well - SMEs in Central European countries demonstrated higher labor productivity
effects than those in Southeast Europe and CIS countries.

Central Asia is no exception in terms of the climate change challenges that
the region is facing, and the priority of green economy objectives is underlined by
national policy frameworks, regional cooperation agendas, as well as the increasing
vulnerability to climate-related risks. And yet, the literature on green economy in the
regionisratherscarce. The literature review revealed no research focusing specifically
on corporate green economy practices inside the region although, as mentioned
above, several empirical investigations encompassed Central Asian states in larger
country samples. Some studies explored the relationship of environmental indicators
with economic trends. For instance, Isiksal et al. (2022) studied the role of human
capital in the relationship between natural resources, economic expansion, and CO2
in Central Asian countries. The authors argued that exploitation of natural resources
would inflate emissions, and that raising environmental awareness would facilitate
the positive impact of human capital on improving the environment. Ergasheva et
al. (2023), focusing on ESG investment in Russia and Central Asian states, stressed
the importance of green finance instruments in the region. Brunelli et al. (2022),
examining environmental auditing in Central Asia, concluded the need for active
elaboration and implementation of government enforcement and regulation towards
environmental standards. The aim of this study, focusing on the green economy
practices of firms in Georgia and Kyrgyzstan, is to contribute to better understanding
the dynamics of private sector involvement in sustainable development efforts by
providing a comparative analysis of the two countries - one from Central Asia and
one from the Caucasus.

3. Green economy in Georgia and Kyrgyzstan

As in the majority of developing countries, green economy mechanisms in
Georgia and Kyrgyzstan are not fully developed albeit existing national strategies
and targets to achieve green economy objectives related to GHG emission reduction,
green energy, and energy efficiency. In fact, Georgia’s strategy on SME development
comprises measures to mainstream environmental practices, as well as anticipates
alignment with international standards in the long run. The overview of the green
economy transition experiences of both target countries indicates prevalence of
activities related to endorsing national strategies incorporating green economy
targets and passing green legislation. Alongside with these, the countries have been
taking active steps to introduce financial measures to support green investments,
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encourage environmentally friendly business practices, and reduce cost barriers for
firms transitioning to sustainable operations. Thus, following the post-COVID-19 period,
the recovery plan in Georgia included green stimulus mechanisms and introduction
of sustainable finance principles (OECD, 2022). In a similar vein, Kyrgyzstan’s Green
Economy Development Program envisages mechanisms to support the transition to
an inclusive green economy, such as sustainable finance measures, fiscal stimuli, and
sustainable public procurement. In particular, at the policy level, it is noted that
climate change creates conditions for inequality among the population, including
gender disparity in accessing labor market opportunities. This challenge underscores
the importance of comprehensive actions to ensure a just transition in both target
countrie (Government of Georgia, 2021; Ministry of Economy and Commerce of the
Kyrgyz Republic).

The introduction of Environment, Social and Governance (ESG) standards
represents one of the recent milestones in the realm of sustainable development
goals (SDGs) within the region’s financial sector. The National Bank of Georgia has
drafted the ESG Reporting and Disclosure Principles and is publishing the Sustainable
Finance Report (National bank of Georgia, 2024). The National Bank of Kyrgyzstan
has likewise developed and adopted the roadmap for the implementation of ESG in
the banking sector (24.kg, 2024). Along with this, targeted activities are taking place
in several other economic sectors oriented towards low-carbon transition, such as
clean energy, energy-efficient buildings, green transportation, etc. Although both
countries’ practices confirm the priority of SDGs in relevant strategic documents,
data evidence suggests the need for urgent and active domestic measures to reduce
emissions and increase energy efficiency. The production-based CO2 emissions index
shows a strong increase, especially after 2010 (see Figure 1). The same indicator
shows a declining trend for the European OECD countries. In most developing
countries, improving public welfare requires ramping up production, including in the
sectors which are intensive CO2 emitters. Meeting these sustainable development
requirements - less pollution and higher incomes - necessitates the efficient use of
energy resources. Yet, as shown in Figure 2, energy productivity in Georgia rapidly
dropped after 2001 - most likely due to the increased reliance on energy-intensive
sectors, outdated infrastructure, and limited efficiency measures, with a slight
improvement only after 2020. The situation in Kyrgyzstan did not change substantially
over the review period, with only a minor difference between the values in 2000 and
in 2022. In contrast, the OECD group’s curve indicates a long-term improvement in
energy productivity. The stagnating trend in Georgia and Kyrgyzstan points to higher
energy consumption for producing relatively smaller volumes of goods and services.
Furthermore, it underlines the importance of rolling out energy-saving technologies
in both the manufacturing and household sectors.
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The latter is clearly demonstrated in Figure 3 - energy intensity per capita
exhibits an analogous improving long-term trend for the OECD group, whereas in
Georgia it shows rising intensity over the last decade, resulting in a value exceeding
“one” (1). Despite some fluctuations, in Kyrgyzstan there is a small increase in energy
intensity per capita in 2022 compared to the early 2000s.
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Figure 1. Production-based CO2 emissions (Index, 2000).
Source: OECD, 2022.

Figure 1 illustrates a significant upturn in production-related CO2 emissions in
Georgia and Kyrgyzstan, contrasting with a consistent decline in OECD Europe. This
upward trend indicates an increase in the environmental externalities of industrial
and energy-intensive sectors. These developments intensify the regulatory pressure
on firms to implement cleaner production technologies, invest in emission-reducing
innovations, and meet global standards in order to obtain green finance and access
to export markets.
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Figure 2. Energy productivity, GDP per unit of TES (US dollars per ton of oil
equivalent, 2015).
Source: OECD, 2022.

As shown in Figure 2, the low and generally steady energy productivity in
Georgia and Kyrgyzstan in recent years indicates that enterprises are producing
comparatively less economic output per unit of energy utilized. Enhancing energy
efficiency is essential for businesses aiming to reduce operational expenses and
satisfy sustainability standards increasingly expected by investors and governments.
This inefficiency may indicate outdated technologies and insufficient incentives for
energy-efficient attempts.
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Figure 3. Energy intensity per capita (Tons of oil equivalent per person).
Source: OECD, 2022.
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The notable rise in per capita energy consumption depicted in Figure 3 for
both Georgia and Kyrgyzstan, especially evident in Georgia, shows a growing energy
demand. The pattern indicates that firms experience crucial constraints, such as
inadequate access to energy-efficient infrastructure and technologies. This situation
highlights the importance of adopting energy-saving practices to allow businesses
to maintain cost competitiveness while also complying with evolving environmental
standards. Consequently, businesses are incentivized to adopt energy-saving practices
and invest in modern and efficient technologies to maintain cost-effectiveness, as
well as satisfy increasingly stringent environmental regulations.

These data indicate that carbon emissions are rapidly growing while energy
productivity is falling, and the population consumes more energy in Georgia and
Kyrgyzstan. Nevertheless, these developments do not distinguish between residential
and production sectors’ energy consumption and CO2 emissions. It is often argued
that both households and enterprises play a role in these developments, but it is
enterprises - as key economic growth drivers - that are expected to be more energy-
efficient and emit less carbon dioxide. Green policies are a government priority, and
both target governments have launched various measures to forge favorable conditions
for a broader application of green economy practices among private sector actors
by setting environmental standards via direct regulations and financial reporting
norms. However, the relevant literature argues that beyond state regulatory efforts
there are other important factors affecting the adoption of sustainable development
practices by firms.

4, Methodology

4.1. Analytical approach

To investigate the determinants of environmental and energy management
practices at the firm level, this study utilized a logistic regression (logit) model
estimating the probability of adopting CO2 monitoring and energy management
measures. The basic logistic regression model, exploring the linear relationship of
explanatory covariates X with the predicted logit, is specified as follows (Pampel,
2020):

Ioglt(p) = L}‘l( ) :BU‘_]_B]_X'I +ﬂ2X2++BkXR + &

I=D
, Where p represents the probability of a firm adopting a specified measure,
X1,Xz,...,X, denote the explanatory variables,

Bo is the intercept term,

And € represents the error term.

The coefficients B1,B2,...,8, are estimated using maximum likelihood estimation
procedures.
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The calculations use two binary dependent variables. The first variable
indicates whether a firm has monitored its CO2 emissions over the past three years.
The value of “one” (1) denotes that the firm has engaged in CO2 monitoring, while
“zero’ (0) indicates that it has not. The second dummy dependent variable indicates
whether a firm has adopted energy management measures over the last three years
to reduce emissions, waste, or pollution. The set of explanatory variables include
various indicators related to corporate characteristics. A detailed description of the
variables is given in Table |. The age of firm, or years since establishment, may have
an important effect on sustainability practices. Older firms may have established
frameworks and resources, yet might be more resistant to change, whereas younger
firms may be more agile and open to innovation. Therefore, the effect of firm age
might be nonlinear, and in order to incorporate this potential effect the square of
the firm age is included among the explanatory variables (Karymshakov et al., 2019).
Firm size is another potential important factor, as larger companies generally have
more financial and operational capacities to implement environmental practices.
They may also face greater regulatory scrutiny, pushing them to adopt sustainability
measures. Conversely, smaller enterprises - while resource-constrained - may still
adopt energy-efficient practices in a cost-effective manner.

The manager’s experience influences how firms approach sustainability. For
instance, experienced managers are more likely to recognize the strategic value of
environmental initiatives, drawing on a broad range of challenges and solutions in the
process. Furthermore, manager’s gender can also shape firm’s environmental decisions
- studies suggest that female managers tend to prioritize long-term sustainability
goals, often driving more environmental actions (Ullah et al., 2022). Thus, the study
team factored in both gender and experience of the top manager, measured as the
number of years she/he has worked in the sector to which the firm belongs. As
mentioned above, foreign market experience and connections with foreign partners
significantly influence corporate performance. To approximate this potential effect,
the calculations included two dummy variables. The first one indicates whether a
firm is using a foreign-licensed technology, since the utilization of foreign-licensed
technologies may have implications for technological and operational improvements,
which could positively influence their environmental performance too. This variable
can also reflect the degree of internationalization and competitiveness of a firm
linked to a higher likelihood of adopting practices that align with sustainability
standards. The second variable refers to whether a firm has a quality certification
as a potential indicator of external standards effecting corporate environmental
practices. Quality certifications signal a firm's commitment to high operational and
environmental standards, driving them to adopt best practices, including energy
management and CO2 monitoring. Companies with certifications such as 1S014001
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or ISO50001 are likely to already have environmental management systems in place,
making them more fit for engaging in sustainable practices (Frondel et al., 2018).
Enterprises, following their profit maximizing behavior, may simply adopt energy-
saving measures due to the higher costs of energy consumption for their production
activities. High electricity costs create a strong economic incentive for businesses to
adopt energy-saving measures, reduce consumption, and comply with environmental
regulations. Therefore, in the estimations the study team considers the electricity
cost ratio, which helps to explore the influence of operational costs on corporate
sustainability practices, i.e. offering insights into how economic pressures stimulate
the adoption of energy management and environmental monitoring systems.

The financial resources that firms may use represent one of the fundamental
factors for sustainable practices. In this study, the corporate financial potential is
based on the indicator of whether a firm has a credit line or loan. Enterprises with
access to loans can more easily fund the technologies and processes needed for
sustainability initiatives. Apart from the internal firm characteristics, the sectors
of the economy where firms operate may demonstrate varying performance in
response to environmental changes due to both internal characteristics and different
regulatory and operational requirements. Businesses in high-emission sectors, such as
manufacturing in general, are more likely to face these regulations. In the empirical
model, companies are classified as per four main sectors of the economy: food, non-
food manufacturing, trade, and services.

Table I. Description of variables (World Bank, n.d.).

Variable | Description
Dependent variables:

CO2 monitoring 1 - firm has monitored its CO2 emissions over
the last three years, 0 - otherwise

Energy management adoption 1 - firm has adopted energy management
measures to reduce emissions, waste, or
pollution in the last three years, 0 - otherwise

Explanatory variables:

Firm age Number of years from the year that firm began
operations to 2023

Squared firm age Square of the firm age

Manager experience Number of years of experience of the top
manager in the sector

Female manager 1 - top manager is female, 0 - otherwise

Capital city 1 - firm is located in the capital city, O -
otherwise

Electricity cost ratio Percentage share of the firm's total annual
electricity cost relative to total annual sales in
2022

International certification 1 - firm has an internationally recognized
quality certification, O - otherwise
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Table I. Cont.
Foreign technology 1 - firm uses technology licensed from a foreign-
owned company (excluding office software), 0
- otherwise
Access to finance 1 - firm has a line of credit or loan from a

financial institution, O - otherwise

Firm size 1 - small firm, 2 - medium-sized firm, 3 - large
firm (based on the number of employees: small
=5-19, medium = 20-99, large = 100 or more)

Firm sector 1 - food, beverages, and tobacco; 2 -
manufacturing; 3 - trade and wholesale; 4 -
services

Country 1 - Georgia; 2 - Kyrgyz Republic

4.2. Data source

This study has utilized the firm-level data from the 2023 World Bank Enterprise
Surveys (WBES) for Georgia and the Kyrgyzstan. The survey dataset includes corporate
characteristics including innovation, access to finance, corruption, infrastructure,
energy, business-government relations, barriers to growth, and performance
indicators. Notably, the 2023 WBES includes the Green Economy Module, which
assesses firms' adoption of sustainable practices and climate change mitigation
measures. For this analysis, the datasets for Georgia and the Kyrgyz Republic were
merged based on the variables specified in the empirical models. The resulting
combined dataset comprised 946 firms, including 592 from Georgia and 354 from
Kyrgyzstan. This dataset represents the most recent information available for these
countries, offering a valid perspective on sustainability practices at the firm level.
The dataset includes responses from businesses operating in diverse industries,
providing information on corporate characteristics, managerial attributes, financial
access, and technological capabilities.

Table Il provides descriptive statistics for the total sample, as well as the
breakdown by country. On average, 22% of companies in the total sample monitor
their CO2 emissions, with Georgia demonstrating a higher percentage compared
to Kyrgyzstan. Georgia also demonstrates a higher share of energy management
adoption than the Kyrgyz Republic. These differences may reflect regional variations
in environmental awareness or regulatory pressure, which could influence corporate
sustainability practices. The average firm age in Kyrgyzstan is 19.5 years and 12.7
years in Georgia, suggesting the former having a higher proportion of enterprises
with longer years since establishment.

Enterprises across the two target countries do not show large variation in their
managerial characteristics - managerial experience is almost similar, with slightly
more experienced managers in Kyrgyzstan. Female managers make up 20.5% of the
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total sample, with a higher percentage in Georgia, which could indicate domestic
gender dynamics in leadership positions between the examined countries.

The location of businesses also varies, with the concentration of firms in the
capital city higher in Kyrgyzstan. Additionally, companies in Kyrgyzstan, on average,
have a slightly higher electricity cost ratio than these in Georgia, which might
encourage the adoption of more energy-efficient practices. Finally, the data for
Georgia exhibits a notably higher proportion of companies with quality certifications
and access to credit, potentially linked to greater international exposure or stronger
integration into global markets. These factors could facilitate the adoption of
sustainability measures, such as CO2 monitoring and energy management.

Table Il. Descriptive statistics.

Variable Total sample Georgia Kyrgyz Republic
Number of observations 946 592 354
Dependent Variables
CO2 monitoring (% of 22.30 24.80 18.10
firms)
Energy management 27.10 28.00 25.40
adoption (% of firms)
Explanatory Variables
Firm age (years) 15.23 12.67 19.50
Squared firm age 344.30 227.10 539.70
Manager experience 18.21 17.65 19.12
(years)
Firms managed by 20.50 21.60 18.60
female (% of firms)
Firms located in capital 41.40 38.20 46.90
city (% of firms)
Electricity cost ratio (% 3.80 3.70 4.00
of total sales)
Firms using foreign 16.40 16.20 16.70
technology (% of firms)
Firms having quality 18.40 23.00 10.70
certificates (% of firms)
Firms having line of 45.90 57.10 27.20
credit or loan (% of
firms)
firm size
Small (% of firms) 49.30 50.70 46.90
Medium (% of firms) 33.40 30.20 38.70
Large (% of firms) 17.30 19.10 14.40
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Table Il. Cont.

firm sector
Food, beverages, and 17.90 21.80 11.30
tobacco (% of firms)
Manufacturing (% of 23.40 15.90 35.90
firms)
Trade and wholesale (% 24.50 27.20 20.10
of firms)
Services (% of firms) 34.20 35.10 32.80

Authors’ calculations based on the enterprise surveys data (World Bank, n.d.).

5. Estimation results

To account for potential differences between the target countries, the analysis
was conducted separately for the total sample and for the subsamples of Georgia and
Kyrgyzstan. These models were estimated with robust standard errors to address
potential heteroscedasticity. Table Ill presents the average marginal effects from the
logit models analyzing the probability of firms adopting CO2 monitoring. Firm age
demonstrates a significant negative effect on the likelihood of implementing CO2
monitoring in the total sample, suggesting that older firms are less likely to adopt
such practices. However, the squared term is positive and significant, indicating a
potential U-shaped relationship - i.e. that very mature companies might eventually
adopt these practices. Yet, this relationship is not statistically significant in the
individual country sample estimations.

Firms located in capital cities are significantly less likely to monitor CO2
emissions across all models. This finding is contradictory to the general expectation,
as urban areas typically have stricter regulations. One possible explanation may
be that enterprises in capital cities may prioritize other competitive pressures or
rely on existing infrastructure and services, potentially leading to less focus on
independent environmental initiatives. Another possible explanation could be
related to market dynamics and customer demands. Urban businesses might operate
in highly competitive environments, where immediate profitability and operational
efficiency are prioritized over long-term sustainability practices. In addition, such
companies might rely more on service-based industries, which generally have lower
direct emissions and may not feel the same urgency to deploy CO2 monitoring as
these operating in emission-intensive sectors typically located outside the capital
city.
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Table lll. Estimation results for logit models
on the probability of adopting CO2 monitoring (marginal effects).

Total sample Georgia Kyrgyz Republic
Firm age -0.00674* -0.00654 -0.00671
(0.00341) (0.00581) (0.00506)
Squared firm age 0.000118** 0.000139 0.000110
(0.0000545 (0.000131) (0.0000683)
Capital city -0.147*** -0.195*** -0.0864*
(0.0345) (0.0448) (0.0518)
Manager experience 0.00162 -0.00106 0.00655***
(0.00147) (0.00195) (0.00237)
Female manager -0.0204 -0.0249 -0.0287
(0.0367) (0.0452) (0.0588)
Access to finance 0.0121 -0.0410 0.0914**
(0.0318) (0.0379) (0.0452)
Foreign technology 0.0680* 0.0515 0.0792
(0.0358) (0.0468) (0.0524)
International 0.0837** 0.0930** 0.00974
certification (0.0348) (0.0426) (0.0751)
Electricity cost ratio 0.493** 0.232 0.718***
(0.193) (0.280) (0.243)
Firm size (small - reference category)
Medium 0.0812** 0.0769* 0.102**
(0.0317) (0.0429) (0.0496)
Large 0.203*** 0.223*** 0.165**
(0.0473) (0.0491) (0.0651)
Firm sector (food, beverages, and tobacco - reference category)
Manufacturing -0.0524 -0.0900 0.0588
(0.0484) (0.0573) (0.0670)
Trade and wholesale -0.143*** -0.221*** 0.0615
(0.0487) (0.0576) (0.0774)
Services -0.0927* -0.0883* -0.0625
(0.0448) (0.0471) (0.0743)
Country + + +
Number of 802 512 290
observations
Pseudo r-squared 0.122 0.134 0.180

Standard errors are in parentheses. ***, **/ and * indicate statistical significance of 1%, 5%,

and 10%, respectively. Authors' calculations based on the enterprise surveys data (World Bank, n.d.).

The lack of a significant effect of managerial experience in the total sample
might indicate that CO2 monitoring is influenced more by external factors - such as
regulatory pressures, market demands, or financial resources - than by the expertise
of the top manager. However, the positive and significant effect in the Kyrgyz Republic
suggests that experienced managers may be better at leveraging environmental
practices, navigating regulatory requirements, or securing sustainability-focused
resources from financial institutions.
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Access to credit or loans is positively associated with the monitoring of CO2
emissions in Kyrgyzstan, which may reflect more robust environmental standards on
behalf of financial institutions in the country compared to Georgia. Banks and other
financial institutions can require borrowers to adopt environmentally sustainable
measures as a condition for financing. This suggests that access to finance is an
effective tool to incentivize businesses to engage in CO2 monitoring and other green
practices. The use of foreign-licensed technology is positively associated with CO2
monitoring in the total sample, indicating that firms adopting advanced foreign
technologies are more likely to engage in environmental practices like CO2 monitoring.
Yet, this relationship is not significant in the country-specific models, suggesting that
the effect may be driven by broader trends that do not hold consistently across
individual countries. On the opposite, companies possessing international quality
certifications are significantly more likely to adopt CO2 monitoring, particularly in
Georgia. This finding confirms the expectation that certification such as 15014001
reinforces corporate commitment to environmental standards and encourages the
implementation of sustainable practices. In Georgia, the emphasis on international
certifications may be more prominent, driving businesses toward adherence to global
environmental practices due to the country’s strategic approach to integrating with
EU standards. These results are consistent with previous studies (Sam & Song, 2022;
Arocenaetal., 2021; Hu et al., 2024) that also revealed a positive association between
the adoption of international quality certifications and improvements in corporate
environmental performance, including co2z emission monitoring and reduction.

Estimation results show that operational cost pressures related to electricity
drive firms to adopt CO2 monitoring practices. A higher electricity cost ratio
significantly increases the likelihood of businesses in Kyrgyzstan adopting measures
to monitor CO2, highlighting that enterprises facing greater energy-related expenses
are more motivated to implement sustainability measures to reduce operational
burden. Firm size is one of the important factors in explaining business performance.
This finding aligns with previous studies that indicate that increased energy prices
result in better energy use and lower CO2 emissions by companies (Brucal &
Dechezleprétre, 2021).

Estimation results likewise indicate that mid-size and large firms are
significantly more likely to adopt CO2 monitoring practices compared to small
enterprises. This effect is consistent across all samples and indicates that larger firms
are better equipped to allocate resources toward sustainability initiatives. They may
also have more complex operations necessitating greater attention to environmental
impacts. At the same time, these findings reflect the potential difficulties for small
and even some medium-sized enterprises in meeting sustainable development
requirements. This result matches prior studies showing that larger companies are



CENTRAL ASIAN JOURNAL OF SUSTAINABILITY AND CLIMATE RESEARCH (2024) 3(2): 89-113 @ 105

more likely to adopt environmental practices (Reis et al. 2020; Bodjongo et al., 2023;
Ali & Singh, 2024). Finally, firm sector analysis reveals that these working in the
trade, wholesale and service sectors are less likely to implement CO2 monitoring,
particularly in Georgia, compared to these in the food, beverages, and tobacco
sector. This could reflect sector-specific differences in environmental awareness,
regulation, or perceived benefits of CO2 monitoring, with some industries potentially
facing fewer external pressures to engage in sustainability practices. Interestingly,
the estimations based on Kyrgyzstan’s sample do not demonstrate any significance by
economic sectors, which may imply that enterprises are adopting green practices as
measured by CO2 monitoring and energy management measures universally, without
any sectoral differences. The factors affecting corporate energy-consuming behavior
can differ between countries, sectors, or firm characteristics. Table IV presents
the average marginal effects from the logit models on the probability of adopting
energy management practices. For reference, the corresponding logit coefficients
are reported in the Appendix.

Table IV. Estimation results for logit models. On the probability of energy
management adoption (marginal effects).

Total sample Georgia Kyrgyz Republic
Firm age -0.00886** -0.0192*** -0.00177
(0.00363) (0.00578) (0.00555)
Squared firm age 0.000115** 0.000389*** 0.0000121
(0.0000571) (0.000121) (0.0000745)
Capital city -0.0979*** -0.164*** -0.0149
(0.0344) (0.0433) (0.0547)
Manager experience 0.00209 0.000389 0.00421
(0.00156) (0.00191) (0.00280)
Female manager -0.0636 -0.0977* 0.00962
(0.0407) (0.0474) (0.0651)
Access to finance 0.0502 0.0194 0.0920*
(0.0337) (0.0398) (0.0535)
Foreign technology 0.0450 0.0295 0.0728
(0.0407) (0.0527) (0.0632)
International 0.0662* 0.0854* -0.136
certification (0.0383) (0.0448) (0.101)
Electricity cost ratio 0.332* -0.0678 0.587**
(0.177) (0.307) (0.254)
Firm size (small - reference category)
Medium 0.0706** 0.118** 0.0178
(0.0349) (0.0435) (0.0562)
Large 0.169*** 0.175** 0.226**
(0.0513) (0.0576) (0.0729)
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Table IV. Cont.

Firm sector (food, beverages, and tobacco - reference category)

Manufacturing -0.000382 0.000716 0.0654
(0.0534) (0.0615) (0.0789)

Trade and wholesale -0.164*** -0.202%** -0.0434
(0.0494) (0.0598) (0.0935)

Services -0.0699 -0.0429 -0.0697
(0.0480) (0.0510) (0.0842)

Country +

Number of 802 512 290

observations

Pseudo r-squared 0.0839 0.122 0.109

Standard errors are in parentheses. *, **, and * indicate statistical significance of 1%,
5%, and 10%, respectively. Authors' calculations based on the enterprise surveys data (World Bank,
n.d.).

In the total sample, firm age shows a significant negative affect on the adoption
of energy management practices. However, the positive and significant squared term
for firm age suggests a potential U-shaped relationship. Thus, businesses do not
consider energy management as a priority within a few years since establishment,
but after some time - becoming more mature - companies may eventually implement
energy management practices. Nevertheless, this trend is statistically significant in
the sample of Georgia only. Businesses located in capital cities are generally less
likely to adopt energy management practices, and this result is consistent across the
total sample and in Georgia. The negative effect is especially strong in Georgia, where
enterprises operating in the capital city are significantly less likely to implement
energy management practices. In the Kyrgyz Republic, however, the effect is not
significant, indicating that location plays a more substantial role in the former than
in the latter. There is no significant relationship between managerial experience and
adoption of energy management practices in any of the country models. Additionally,
the presence of a female manager does not significantly influence the likelihood
of adopting energy management practices in the total sample. Yet, in Georgia,
businesses with female managers are less likely to implement energy management
practices, suggesting that gender dynamics may influence decision-making processes
in this country. Access to finance is positively associated with the adoption of energy
management practices in both the total sample and Kyrgyzstan. Therefore, it can be
argued that financial resources - potentially from international financial organizations
or green financing initiatives - play a crucial role in facilitating the adoption of energy
management practices. These findings are consistent with prior studies (Iram and
Zhang, 2022; Zhou et al.,2022; Bouchmel et al., 2024) that highlight positive impacts
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of better access to finance on investments in energy-efficient technologies. These
findings underline the key role of financial access in enabling energy management
practices. The use of foreign-licensed technology does not have a significant impact
on the adoption of energy management practices, either in the total sample or in
the country-specific models for Georgia and Kyrgyzstan. Analogous to CO2 monitoring
estimations, businesses with international quality certifications in the total sample
and in Georgia are more likely to adopt energy management practices. These results
align with prior research (Laskurain et al., 2017; Arocena et al., 2021; Otrachshenko
et al., 2023), which also report a positive correlation between international quality
system certifications and improvements in corporate environmental performance,
including energy management. To an extent, this could reflect institutional
differences between the two target countries. The electricity cost ratio is positively
associated with energy management adoption in the total sample, with a particularly
strong effect in the Kyrgyz Republic. Firms with higher electricity costs are more
keen to adopt energy management practices to reduce operational expenses. This
effect is statistically significant in Kyrgyzstan, where high energy costs likely drive
companies to implement measures enhancing their energy efficiency and reducing
costs. In Georgia, the effect is negative but not statistically significant. The positive
relationship between higher electricity costs and the likelihood of adopting energy
management practices is similar to previous studies (Kok et al.,2016; Naimoglu,
2023), which argue that higher energy prices incentivize enterprises to improve
energy efficiency.

Larger companies are more apt to adopt energy management practices
compared to smaller entities, and this effect holds consistently across all samples.
Both medium and large enterprises are significantly more likely to adopt energy
management practices than small ones, perhaps due to greater resources required
for sustainability initiatives and deploying energy management systems. Firms in the
trade and wholesale sector are significantly less inclined to adopt energy management
practices than these in the food sector, especially in Georgia. In Kyrgyzstan, sectoral
differences are not statistically significant, suggesting that sector-specific factors
have a limited impact on adoption.

6. Conclusions

This study has investigated the factors affecting corporate green economy
practices in Georgia and the Kyrgyz Republic using the most recent World Bank’s
enterprise survey dataset. Green economy practices were measured by whether
firms adopted CO2 monitoring and energy management measures. To explore the
determinants of environmental and energy management practices at the firm



108 ©  Karymshakov, Aseinov

level in the two target countries, the empirical approach was based on a logistic
regression model. The study findings suggest that along with corporate managerial
characteristics, access to finance, foreign technology, international certification and
energy costs are important for green economy practices by businesses. Enterprises
with a broader financial access demonstrate a higher probability of implementing
sustainable development practices, and these facing higher energy costs are inclined
to introduce energy management measures. On the one hand, this effect is in line
with the corresponding previous literature on corporate behavior, yet it does not
indicate intrinsic motivation among companies for sustainable development, but
can be rather explained as a cost-reducing approach for profit maximizing. On the
other hand, the effect of foreign economic mechanisms significantly influences the
adoption of green economy practices through foreign technology and international
certification. Moreover, these effects vary by firm size, with larger enterprises display
positive trends in adopting CO2 monitoring and energy management measures.

One potential limitation of this study is that the authors did not fully address
the possible endogeneity. Efficient dealing with the issue requires more data and
information both at the firm level and about local context. Moreover, given the cross-
sectional data used in the study, an additional analysis of time-varying corporate
characteristics - that might be important for their green economy practices - may
be necessary. Future research entailing longitudinal data analysis may provide more
insights on the corporate behavior dynamics in the target countries.

The study’s empirical findings have several policy implications. First, promotion
of sustainable development practices depends on a country-specific context. The
comparison of results between Georgia and Kyrgyzstan points to potential positive
effects of the internationalization of economic dynamics on green economy practices.
International standards for environmental protection and SDGs expressed in financial
system standards can be an effective tool. From this standpoint, ESG and other loan
requirements in the financial system of Central Asian economies manifest an efficient
instrument for stimulating enterprises towards green economy.

Second, though environmental regulations set by governments are not clearly
specified in this study’s empirical model, they represent the most direct state policy
tool. Efficient application of state regulatory measures may inaugurate conditions for
businesses to embrace green economy practices.

Third, dealing with environmental regulations and adopting new technologies
or measures are costly for enterprises in emerging economies, especially for medium
and small operators. Lack of managerial capacity and financial resources to meet
environmental standards may create a significant burden for such companies.
Government policies on green economy transition should therefore account for a
potential differentiated support based on firm size. Specifically, smaller businesses
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may require more financial assistance or fiscal relief to offset the high costs associated
with adopting green measures. This suggests that state policies should offer targeted
financial support for smaller entities, such as loans under favorable conditions or
fiscal relief measures, rather than providing uniform assistance across all firm sizes.
Larger companies may still require support, but it might be at a lesser level compared
to smaller entities.

Fourth, the cost of energy can be an effective tool for forcing enterprises
to take effective energy management measures. However, high energy cost may
have a negative effect on the production potential of the private sector. Along with
energy management enforcement mechanisms, it is important to promote the use
of alternative energy resources. In addition, higher energy consumption intensity in
both target countries flags residential energy consumption as an important focus of
energy saving strategies.
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Appendix

Table a1. Estimation results for logit models on the probability of adopting
co2 monitoring (estimated coefficients).

Total sample Georgia Kyrgyz Republic
Firm age -0.0429* -0.0399 -0.0524
(0.0217) (0.0353) (0.0400)
Squared firm age 0.0007** 0.0008 0.0009
(0.0004) (0.0008) (0.0005)
Capital city -0.938*** -1.186*** -0.674*
(0.229) (0.293) (0.407)
Manager experience 0.0103 -0.0065 0.051***
(0.009) (0.012) (0.0191)
Female manager -0.130 -0.152 -0.224
(0.233) (0.275) (0.456)
Access to finance 0.0773 -0.250 0.713*
(0.202) (0.232) (0.354)
Foreign technology 0.433* -0.250 0.618
(0.230) (0.232) (0.416)
International 0.533* 0.567* 0.0760
certification (0.224) (0.263) (0.586)
Electricity cost ratio 3.135* 1.414 5.598%**
(1.230) (1.702) (1.965)
Firm size (small - reference category)
Medium 0.536*** 0.469* 0.798*
(0.208) (0.262) (0.388)
Large 1.182%** 1.358*** 1.291*
(0.264) (0.321) (0.527)
Firm sector (food, beverages, and tobacco - reference category)
Manufacturing -0.290 -0.548 0.458
(0.265) (0.352) (0.526)
Trade and wholesale -0.897*** -1.346*** 0.480
(0.309) (0.366) (0.607)
Services -0.539** -0.538* -0.488
(0.252) (0.289) (0.581)
Country +
Constant -0.923* -0.225 -2.989***
(0.368) (0.440) (0.750)
Number of 802 512 290
observations
Pseudo r-squared 0.122 0.134 0.180

Notes: Standard errors are in parentheses. ***, **, and * indicate statistical significance of 1%, 5%,
and 10%, respectively.
Source: World Bank, 2024.
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Table a2. Estimation results for logit models on the probability of energy

management adoption (estimated coefficients).

Total Sample Georgia Kyrgyz Republic
Firm age -0.049** -0.110*** -0.0107
(0.020) (0.034) (0.034)
Squared firm age 0.0006** 0.002%** 0.00007
(0.0003) (0.0007) (0.0005)
Capital city -0.543*** -0.935*** -0.0902
(0.195) (0.262) (0.331)
Manager experience 0.012 0.002 0.025
(0.009) (0.011) (0.017)
Female manager -0.353 -0.557* 0.0581
(0.227) (0.271) (0.393)
Access to finance 0.279 0.111 0.555*
(0.187) (0.227) (0.327)
Foreign technology 0.250 0.168 0.439
(0.226) (0.301) (0.385)
International 0.368* 0.487* -0.822
certification (0.214) (0.259) (0.618)
Electricity cost ratio 1.840* -0.387 3.540*
(0.990) (1.751) (1.576)
Firm size (Small - reference category)
Medium 0.401** 0.673*** 0.107
(0.197) (0.253) (0.339)
Large 0.880*** 0.998*** 1.364***
(0.258) (0.338) (0.470)
Firm sector (Food, Beverages, and Tobacco - reference category)
Manufacturing -0.002 0.004 0.395
(0.258) (0.351) (0.478)
Trade and Wholesale -0.951*** -1.153*** -0.262
(0.287) (0.348) (0.563)
Services -0.359 -0.245 -0.421
(0.241) (0.291) (0.509)
Country +
Constant -0.750** 0.0188 -1.959***
(0.333) (0.414) (0.638)
Number of 802 512 290
observations
Pseudo R-squared 0.0839 0.122 0.109
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AHHOTALWMS

JHepronoTpes/iEHNE M A0IN Pa3/IMYHbIX BUAOB SHEPIUM B OOLLEM 06 bEME

SHEProCHAGKEHMA UrpaloT PELLAoLLYl0 posib B 06beme BbibpocoB CO2

B Pas/IMYHbIX cTpaHaX. MoMWMO (haKTOpOB, CBA3aHHbIX C SHEPreTUKOM,

TaKMe 3KOHOMMYECKME MOKa3aTesIM, KaK BasioBOM BHYTPEHHWMI MPOAYKT

(BBIM), Takke MOryT B/IMATb Ha BblIGPOCHI. B HacToAweM MccneaoBaHMM KJIFOUEBBIE C/IOBA
A0 Pas/IMYHbIX UCTOYHMKOB 3HEPrvM B OOLLEM 3HEProcHaGXKEHUWU U
BB 6b11M MCMO/Ib30BaHbl B KAYECTBE BBOAHbIX JaHHbIX /1S MOZE/IbHOM
oLeHKM BbibpocoB CO2 B Tpex rocyaapcrteax LleHTpasbHoM Asuu, a
MMeHHO B KasaxcTaHe, Y36ekuctaHe M TypKMeHWCTaHe. B gonosHeHue
K pe3y/ibTaTaM MOZE/IMPOBaHUA B CTATbe TaKKE OMMCbIBAIOTCA BaXKHbIE BbIGpocbl CO2, CTpaHbl
XapaKTEPUCTMKM SHEPreTMYECKUX CMUCTEM LeneBbIX CTpaH. Ha ocHoBe LleHTpanbHOM A3mu,
cpaBHeHMsA BblopocoB CO2 Ha eauHuuy BBIT uccnepnoBaHue no3sBoamao GMDH, uHTenneKTyanbHble
BbIABUTb, 4TO JaHHbIM MHAEKC B LENEBbIX CTpaHax MpeBblLaeT
CpeAHEMMPOBOE  3HAYeHMEe, YTO O0OYC/I0B/IMBAET  HEOBXOAUMOCTb
MPUHATUA CPOYHBIX Mep MO COKpaleHWMI0 BbIGPOCOB. McxoaHble
JaHHble AN1A MCCNeAoBaHMA ObliM  MOJyYeHbl OT  MexXAyHapoAHOro
3HepreT1yeckoro areHTcTea (M3A) M BcemmpHoro 6aHka. B nccnegoBaHmm
6bl/IM MPUMEHEHDBI C/IeAyIoLIME METOAbI: TPYNMnoBoM METo 06paboTKM
JaHHbIX (Group Method of Data Handling, GMDH) 1 MeTOA, MHOFOC/IOMHOFO
nepuentpoHa (Multilayer Perceptron, MLP). O6e moaenv nokasam
XOpoLUMe pesysibTaTbl B OLEHKE BblIGPOCOB, OAHAKO B COOTBETCTBUM C
pacyeTHbIMW 3HAYEHUAMM AN MPUMEHEHHBIX KPUTEPUEB Obla caenaH
BbIBOZ, O TOM, YTO MCMo/ib30BaHMe GMDH gaeT 60n1ee ToYHble pesy ibTarthl
no cpaBHeHMIO ¢ MLP. CpefHme abCoOTHbIE OTHOCUTEJ/IbHBIE OTK/IOHEHUS
Mogenet GMDH u MLP coctaBuau npubausmtensHo 3,69 % u 4,28 %
COOTBETCTBEHHO. 3HayeHua R? Ana ynoMsaHyTbIX MoAENiel COCTaBWM
0,9936 1 0,9929 cooTBeTCTBEHHO. B 60/BbLUIMHCTBE C/lyHaeB Ans 06emx
MOZENIEeN OTHOCUTE/IbHbIE OTKJIOHEHWMSA MEXAY MPOrHO3MPYEMbIMUA U
dakTryecknmm Bblibpocamm CO2 HaxoAMIMCh B AManasoHe +5 %.

MCKYCCTBEHHas
HeWMpOoHHas ceTb,

meToapl

Ana koppecnoHaeHumn: Kakues H. [XJ nzhakiyev@gmail.com Astana IT University, npocnext
MaHrmnnuk En, 55/11, 6usHec-ueHTp EXPO, 610K C1, ActaHa, 010000, KasaxctaH

Ony6aukoBaHo KasaxcTtaHcKko-Hemeukmm YHBepcuTeToM, Anmartel / KasaxctaH


https://doi.org/10.29258/CAJSCR/2024-R1.v3-2/114-137.rus
https://orcid.org/0000-0001-7389-7777
https://orcid.org/0000-0001-9548-1959
https://orcid.org/0000-0001-8223-7519
https://orcid.org/0000-0002-4904-2047
mailto:nzhakiyev%40gmail.com?subject=
mailto:nzhakiyev%40gmail.com%20?subject=

LIEHTPA/IbHOA3SMATCKMM XYPHAN MCCIEAOBAHWA K/IMMATA U YCTOMYMBOTO PA3BUTUA (2024) 3(2): 114-137 115

1. BBegeHune

B HacToswee BpemMs HabawgaeTcA pPoOCT BblIOpOCOB MAapPHUKOBbLIX ra3oB,
rnaBHbIM 06pa3om COz, 4YTO 06YCN0BIEHO TAKMMM (DAKTOPAMM, KaK POCT YNC/IEHHOCTHU
HaceneHusa, MHAYCTpManu3auma, yBesIM4eHue MCnosib30BaHUA MCKOMAEMOro TonMBa
W Ap. DHepreTMka urpaeT KA4YEBYO poJib B BbIGpOCax MApHMKOBbLIX ra30B M A0J/IKHA
YUMTbIBATbCA NPU pa3paboTKe MOJIMTUKM MO MX COKpaweHuto. CornacHo oTtyety
MexayHapogHoro 3HepreTmuyeckoro areHtcTtea (IEA) «CO2 Emissions in 2023: A New
Record High, but Is There Light at the End of the Tunnel» (2024), Bbi6pocbl COz2,
CBfi3aHHble C 3Hepruen, yesenmunnamncb Ha 1,1 % B 2023 r. 3a nocneaHue aecaAtb net
Bbiopocbl CO2 B MMpe poCcau CO CpeAHeroAoBbiM TeMNomM 6onee yem Ha 0,5 %. Ana
cokpauleHms BbibpocoB CO2, CBA3AHHBIX C S3HEPrMen, Gbl/IM NPeaIoKEHb! Pa3/IMyHbIe
noaxoApl, BKAOYAA MCMO/Ib30BaHME BO30OHOBAAEMbIX MCTOMHMKOB 3SHEpruu AnA
reHepaumm 3IeKTPO3HEPruM, TpaHCNopTa M NpomM3BoAcTBa Tenna (Renewables, n.d.),
pa3paboTKy 60/1ee YNCTbIX TEXHOIOMMIM, TaKMX KaK TEMJIOBbIE HACOChI A/18 060rpeBa U
oxnaxaeHusa 3aaHuk (Heat Pumps, n.d.) u aneKTpuyeckme TpaHCNopTHblE CpeAcTBa
(Electric Vehicles, 2023), a Takxe pa3BUTUE CUCTEM YNaBAMBaHMA yraepoga (Carbon
Capture, Utilisation and Storage, n.d.). PazpaboTka moaenen ana nporHo3MpoBaHMS
BbiopocoB CO:2 M onpeaeneHua Kaw4veBbiX (PAaKTOPOB, BJ/IMAIOWMX Ha KOIMYECTBO
MApHMKOBbIX ra3oB, CMOCO6CTBYET (HOPMUPOBAHMIO IDDEKTUBHOM MOJUTUKU MO
MX COKpALEHMUI0. JTa MOJIMTMKA AO0/KHA YUMUTbIBaTb CJ/IOXKHYK AMHAMMKY MeXAy
3HepronoTpebieHMEM, 3KOHOMUYECKMM POCTOM M AeMorpaduen.

B wmccnepgosaHum Turmunkh (2021) npeactaBneHa cTpaTerms YCTOMUYMBOrO
3HepronoTpebaeHma ana cTpaH LleHTpanbHOM A3uun. ABTOp NPOBOAMT CTaTUCTUYECKUM
aHa/M3 M JaeT peKoMeHZauuu AnAa MNOJAUTUKOB, CTpeMALUMXCA cHasnaHCMpoBaTb
J3KOHOMMYECKOE pasBUTME C DKOJIOTMYECKOM YCTOMYMBOCTbIO.  AHanornyHoe
MccnegoBaHMe Ha OCHoBe naHesbHbIX AaHHbIX (Yuldoshboy et al., 2022) nokasano,
YTO 3KOHOMMYECKas aKTMBHOCTb TaK)Ke CrnocobCTBYeT yBesimyeHuio Bblopocos COz,
oTpaxas 3aBMCMMOCTb permoHa OT MCKOMaemMoro Ton/auBa. ABTOpPbl PEKOMEHAYIOT
MHBECTULMMN B SHEProdd@PEKTUBHOCTb M BO30OHOBISEMbIE MCTOYHMKM SHEPIrUMU KaK
K/Il0YEBbIE MEPbI ANA cMArYyeHms BolopocoB COz.

JKOHOMMKa LleHTpanbHOM A3MM TecHo cBs3aHa C MPOM3BOACTBOM M
noTpebaeHnemM MCKonaemoro TtonaueBa. PerMoH 6oraT pecypcamu MCKONaemoro
TOM/MBA, 4YTO MrpaeT Ba)KHYlO pOJib B €ro 3KOHOMWMYECKOM pas3BMTMU. Takue
CTpaHbl, Kak KasaxcTtaH 1 Y36eKucTaH, ABNAIOTCA KPYMNHbIMK 3KCnopTepaMm HeDTH U
NMPUPOAHOIO rasa, a X 3KOHOMMKM CYLLECTBEHHO 3aBUCAT OT KOJIE6aHWM Ha MUPOBbIX
3HepreTMYecKux pblHKax. MccnenoBaHMA MOKasasM, UYTO 3HEPreTMYECKMM CEeKTop
LleHTpanbHOM A3uKM CMIbHO 3aBUCUT OT MCKonaemoro Tonamea (Kuziboev et al., 2024;
Radovanovic et al., 2021), 4To NpMBOAUT K BbICOKMM YpOBHAM Bblibpocos CO2. Jpyroe
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nccnegosanme (Xiu, 2022) BbIABMIIO 3HAYMTEJIbHYIKO MOJIOXKMTEJIbHYIO KOPPENAUMIO
mexay Bblbpocammu CO2 M IKOHOMMYECKMM POCTOM B CTpaHax LleHTpanbHoM A3suu.
dnacTUYHOCTb BblopocoB CO2 no oTHoweHuo K BBl oueHeHa Ha yposHe 0,82, yTo
yKa3bIBaeT Ha 1o, 4YTto 1 % pocTa BBI1 cBA3aH ¢ yBenmn4deHnem BbiopocoB CO2 Ha 0,82 %.

MporHo3bl BbiGpocoB CO2 B LleHTpanbHOM A3MM  yKasbiBalOT Ha MX
NPOAO/IXKUTENbHBIM POCT, €C/IM COXPAaHUTCH TEKyLUask 3aBUCMMOCTb OT MCKOMaeMoro
TonauBa. CornacHo gaHHbiM (Zhakiyev et al., 2023), BbIOpOCbI Yr/IEKMCAOro rasa
MoryT yBenmumtbca Ha 30 %, ecnv He ByaeT BHeApPEHa 3HepreTuyeckas noauTuKa.
MosToMy pedopmbl B 3TOM 06/71aCTU M BHEAPEHME BO30GHOBASEMbIX UCTOYHMKOB
SHEPruu KPUTUYECKM BaXKHbl A1 COKpaLleHUA BbIOpOCOB B byaylieM. B 1o e Bpemsa
nonoxutenbHbole nporHo3bl (Filipovic et al., 2024) npeanonaratoT, 4YTO BBEAEHUE
NOJIMTUKMU LEHOOOPaA30BaHMA Ha Yraepos MOXKeT COKpaTuTb Bblopocbl CO2 Ha 30 % B
TeyeHue Tpex AecATUNIETMM B CTpaHax LleHTpanbHoM Asmu.

CornlacHo 0630py /IMTepaTypsbl No oLeHKe BbibpocoB CO2 B LieHTpanbHOM A3nu,
MCNONb30BaHUE NMOAX0AA MaHe IbHbIX AAaHHbIX UMEET CBOM OrpaHMYeHUA. DTOT MeTOoA
MHOr A YCJIOXKHAET MOZE/Ib, MOCKO/IbKY OH MOXET He B MOJIHOM Mepe Yy4uTblBaTb
TOHKME BO3JEMCTBMA Pas/IMYHbIX COLMA/IbHO-IKOHOMMYECKMX M TEXHOOTMMYECKMX
(baKTOpOB C TEYEHMEM BPEMEHM M B PasHblX pPernoHax. XoTsA MaHesibHbIM noaxoj
noneseH A5 BblSBNEHUS 06LMX TEHAEHUMM MU B3aMMOCBA3EM, OH MOXKET He yYMTbIBATb
cneumdmnyeckme JoKasibHble KOHTEKCTbl MM BPEMEHHYI0 AMHAMMUKY, BAMAIOWME
Ha BblIOPOCHI, YTO NPUBOAMUT K MNOTEHUMANBbHbIM MCKAXKEHUAM MM YMPOLLEHUAM B
npouecce oueHkM. Cpeam pas/IMyHbIX METOAOB, MPUMEHUMbBIX AN MOAE/IMPOBaHUA
MHXXEHEPHbIX M JKONOMMYECKMX NPOoBaeM, MHTENNIEKTyasibHble MeToAbl 06najaroT
PAAOM NPEMMYLLECTB: BbICOKOM TOYHOCTbIO, HU3KMMM BbIYMC/IUTE/IbHbIMM 3aTpaTamu
MO CPAaBHEHMIO C YMC/IEHHbIM MOAE/NIMPOBAHMEM M BbICOKOM CKOPOCTbIO PaboThl.
UCcKycCTBEHHbIM MHTeNNeKT (MN) u apyrue nepeaoBble TEXHOOMMM UIPaloT BaxKHYHO
POJib B TOYHOM OLIEHKE BbIBPOCOB M MPUHATUM 3(PPEKTUBHbBIX MOMTUHECKUX PELLEHUN.
MoCcToOAHHOE BHUMaHME K permoHasibHOMy COTPYAHMYECTBY U MHHOBALMAM B MOJIMTUKE
O6yaeT KNH4YeBbIM ANA peLLeHUA IKOSTIOrMYeCKMX NPobeM, CBA3AHHbIX C 3aBUMCUMOCTbIO
LleHTpasbHOM A3MKM OT MCKONAeMoro Ton/iMBa.

MHTeNNeKTyaNbHble METOAbl, TAKME KAK MCKYCCTBEHHblE HEMPOHHbIE CETU
(Artificial Neural Network - ANN), HaxogAT NMpUMeEHEHME B pPa3/IMYHbIX 06/1acTAX
HayKM, CBA3aHHbIX C SHEPreTMKOM. B oLeHKe BbIGPOCOB NapHUKOBbLIX Fa30B CPaBHEHbI
ANN 1 rny6okme HelpoHHble ceTu (Altikat, 2021). MccnenoBaHue nokasano, 4YTO B
nNporHo3mpoBaHuu BbibpocoB CO2 Mogenn rnybokoro obydeHusa 6onee 3pHEKTUBHDI,
YeM TPaAULUMOHHbIE HEMPOHHblE ceTU. KpoMe Toro, 3TM MeToAbl MPUMEHSIUCL ANA
pas/IM4HbIX CUCTEM B NOAX0AaX, OCHOBaHHbIX HAANN, Harnpu1mep, 414 NPOrHO3MPOBaHUA
NPOM3BOANTENBHOCTU BO30OHOBASAEMbIX MCTOYHMKOB 3Heprmu (Alhuyi Nazari et al.,
2023), NpOrHo3MpoBaHUA MOrOAHbIX AAHHbIX, BAMAKOWMX Ha PabOTy 3HEProCUCTEM,
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TakMX KaKk BeTpsaHble TypouHbl (Filik & Filik, 2017), oueHKM 3HepronoTpebaeHun B
pa3/in4yHbix ceKkTopax (Luo et al., 2020) 1 nporHo3upoBaHmMa LeH Ha 3Hepruto (Pindoriya
et al., 2008). B pa6ote M. K. & V. (2020) npeactaBneHa MHorocaomHas Mmoaesb ANN c
HECKOJIbKMMM CKPbITbIMU CIOAMM MEXAY BXOAHbIMU U BbIXOAHBIMW YPOBHAMM, KOTOpas
NO3BOJIAIET Y/1aB/IMBATb CJ/IOXHbIE€ 3aKOHOMEPHOCTM B AJaHHbIX, CBA3AHHbIX C BbIOpOCaMM
CO2. Mogenb ANN B paboTte Rezaei et al. (2018a) npogeMoHCTpMpOBasa BbICOKYHO
TOYHOCTb B NPOrHO3upoBaHMK BbiIopocoB CO2, NOKa3aB CUIbHYIO KOPPENALMIO MeXAY
noTpebaeHneEM SHEpPrmMm U BbiIbpocamu. MccnegoBaHue YyCTaHOBMIIO, YTO YBEIMYEHME
noTpebseHna 3HEeprmm, OCOOGEHHO M3 HEBO30OHOBAAEMbBIX MCTOYHMKOB, MPUBOAUT
K 60/s1ee BbICOKMM BblbpocaM CO2, Toraa Kak 3KOHOMMYECKMM POCT, OCHOBAHHbIM
Ha BO30OHOBAAEMbIX MCTOYHMKAX 3SHEprmu, accouumpoBanca C 60see HU3KMMMU
ypoBHAMM BblopocoB. B 2018 r. Rezaei et al. (2018b) nprMeHnan metoa rpynnoBoro
y4yeTta aprymeHToB (GMDH) ans nporHo3mpoBaHua BbiopocoB CO2 B YeTbipex CTpaHax
CeBepHoM EBponbl. Mx Moaenb NpOAEMOHCTPMPOBAJIA 3HAYUTE/IbHYH TOYHOCTb C
KoadprumeHToM getepmuHaumm (R2) 0,998. B 2019 r. Ahmadi, Jashnani, et al. (2019)
pa3paboTasiM MoAe/lb C UCMO/Ib30BaHUMEM JAONEN Pa3/IMYHbIX MCTOYHMKOB 3HEPIruM,
a TakXe BBI1 B KayecTBe BXOAHbIX AaHHbIX U GMDH B KayecTBe MHTENNIEKTYa/IbHOM
TEXHUKM AnA oueHKku BbibpocoB CO2 B nATM cTpaHax baumkHero Boctoka. CpeaHee
abCcoNOTHOE OTHOCUTE/IbHOE OTKJIoHEHUE (AARD) npeasioskeHHOM MoAEeNM COCTABUIIO
2,3%.B2020r. Ghalandarietal. (2020) Mcnonb30Basit OCHOBaHHbIE Ha AAHHbIX METOAbI
ANA NporHo3mpoBaHus BblibpocoB CO2 B YeTbipex eBpONEMCKMX CTpaHax. Mx moaenu,
KOTOpbl€ BKJIHOYA/IM pa3/InyHble dHepropecypcbl 1 BBl B KayecTBe BXOAHbIX AaHHbIX,
Mor/sin oueHmBaTb Bbliopocbl CO2 ¢ KoadduumeHTom aetepmuHaumm 0,9999. Komeili
Birjandi et al. (2022a) npuMeHMIM METO/, MHOTOC/IOMHOIO NepLenTpoHa (MLP) c oBymMa
pa3/IMYHbIMM DYHKLMAMM NEpeHoca — paamasibHOM 6asmMcHOM yHKUMeN M tansig —
ANnA oueHkn BbibpocoB CO2 B cTpaHax tOro-BoctoyHon Asmm. OHM 06HApYXKMAM, YTO
MCMOJIb30BaHME paJmnasibHOM 6a3UMCHOM (PYHKLMM B ONTUMA/IbHOM CTPYKTYpE NpUBOAUT
K 60/Jiee BbICOKOM TOYHOCTM MO CPABHEHMIO C MOAEJbIO, MCMO/b3yloWen (yHKLMIO
tansig.

CornacHo 0630py MTepaTypbl, MOXHO CAeNaTh BbIBOA, YTO MHTENIEKTyasIbHble
MeToAbl, 0CO6eHHO OcCHoBaHHble Ha ANN, aBaAwTCA IPPEKTUBHBIMKU M TOYHbIMM
MHCTPYMEHTaMM AN1A MpOrHo3mMpoBaHMa BblopocoB CO2. MX TOYHOCTb 3aBMCUT
OT apXMTEKTYpbl U MPUMEHAEMbIX METOZ0B, M 3TU (aKTopbl CrefyeT Yy4mTbiBaTb
npu pa3paboTke TOYHOM Moaenu. B gaHHOM cTaTbe€ OCHOBHOE BHMMAaHME YAe/eHO
MoAennpoBaHuio BbibpocoB CO2 B Tpex cTpaHax LleHTpanbHoM A3snm — KasaxcTaHe,
Y36eKknuctaHe M TypKMEHMUCTaHe — C MCMNoNb30oBaHMEM MeToAoB Ha ocHoe ANN.
naBHasA HOBM3Ha paboTbl 3aKNOYAETCA B OAHOBPEMEHHOM yyeTe AaHHbIX MO 3TMM
TPEM CcTpaHam ANsi pa3paboTKM KOMMJIEKCHOW Moaenu. Kpome Toro, npeactaB/ieHa
nonesHas MHQOpPMaUMA O KJIHOYEBbLIX XapaKTEPUCTUKAX MX IHEPreTUYECKMX CUCTEM
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M NOJIMTUKE, HAnpaBJIEHHOM Ha pa3BMTME 3TUX CUCTEM B Byayllem. B cneayouiem
paszene npejcTaBieH 0630p 3HEPreTMYECKMX CUMCTEM M COCTOAHMS BbibpocoB CO:
B YKa3aHHbIX CTpaHax. 3aTEM OMUCHIBAIOTCA NMPUMEHSAEMbIE METOAbI, 06CYXAalTCA
pe3ynbTaTbl U NPeACTaB/ATCA BbIBOAbl UCC/IEA0BAHMS.

2. 0630p 3HEepreTMYEeCKUX CUCTEM B PaMKax MCCe40BaHUA

B HacToAwemM wuccnepoBaHuM Ana  MmogenupoBaHuA BblopocoB CO2 ¢
MCnoJsib3oBaHWeM Mogenen Ha ocHose ANN paccMaTpmBatoTCA TpU CTpaHbl LieHTpasibHoM
A3um: KasaxcTtaH, Y36eKucTtaH M TypkKMeHUCTaH. B 3TOoM pasgene npeactaBiieHbl
K/Il0YEBbIE XapaKTEPUCTMKU U MOJIMTUHECKME MEPbI, CBA3AHHbIE C SHEpPreTU4YeCKMMM
CUCTEMAMM U IKOJIOTMEN ITUX CTPaH.

2.1. KazaxcmaH

Pecny6nuka KasaxctaH 3aHMMaeT naowaab 2 717 300 km? (Executive Summary,
n.d.), a YncneHHocTb ee Hacenenmsa B 2022 r. coctaBasna okoso 19 621 000 yenosek,
corsiacHo gaHHbiM BcemmpHoro 6aHka (Population, Total - Kazakhstan, n.d.). B 2020
r. HedTerasoBas MPOMbIWIEHHOCTb M CBA3AHHbIE C HEW CEKTOpbl o6ecneyvmBam
17 % BBIl. HedTb cocTaBnseT OCHOBHYK YacTb AOXOAOB OT 3KCMopTa CTpaHbl M
ABNSETCA NIaBHbIM MCTOYHMKOM JOXOAOB rocyaapcTBeHHoro 6taxkerta (Executive
Summary, n.d.). B 2021 r. HedTenpoAyKTbl 3aHMMAJIM HaMBO/IbLLYIO 010 B KOHEYHOM
notpebneHuu sHeprmm (TFC), 3a HUMKM CnepoBan yronb. BbicOKas 3aBMCMMOCTb OT
MCKOMaemoro TonjiMBa NpUBOAMT K 3HauMTesIbHbIM Bblopocam CO2 Ha egmHuuy BBI
MO CPaBHEHUIO C MMPOBbIMM M pas3BUTbIMU CTpaHaMK. Ha PucyHke 1 npegcraBnieHbl
AaHHble 0 Bblopocax CO:2 B KasaxctaHe B nepmog ¢ 1990 no 2021 r. (Energy Statistics
Data Browser, n.d.-a). HecMoTpAa Ha pe3Koe CHMKeHue BblbpocoB B nepuog ¢ 1990
no 2001 r., ¢ 2015 r. Ha6nAaETCA TEHAEHUMA K UX YBENMYEHUIO. YIO/b 3aHMMAET
HanbONbLUYIO AOJII0 B FeHEepauUmm 3NEKTPO3HEPTUM, 3a HUM CneayeT NPUPOAHbIM ras.
B nepuoa ¢ 2000 no 2019 r. NPOMbILLNIEHHbIA CEKTOP 6bl/1 OCHOBHbIM MOTPEBUTENEM
3Heprmn B KasaxcTtaHe, ogHako ¢ 2020 r. gonAa noTtpebsiieHUA B XKMUJIOM CEKTope
npeBbiCKMNa NpombilLNeHHbIM cekTop (Energy Statistics Data Browser, n.d.-a).

B nocnegHuve pecatunetMa B KasaxctaHe ObliM NPUHATbI  Mepbl  AaA
pecdopMMPOBaHMSA SHEPreTUYECKOM cucTeMbI. Hanpumep, B 2009 r. 6b111 TPUHAT 3aKOH O
noaAepKKe MCNOb30BaHUS BO30OHOB/IAEMbIX MCTOYHMKOB 3HEPrUM, B KOTOPbIM Bbln
BHeceHbl nonpaBku B 2021 r. 3aKoH npegycmaTtpuBaeT BBeAeHUE TapudOB Ha 3aKynKy
SHEepruu, rpaHToB, Ha/I0rOBbIX JIbFOT M YCTAHOBJIEHWE NPaBWU/1 BblAE/IEHUA 3eEMAU ANA
06bEKTOB BO306HOBIsEMOM dHepreTHKu (The Law About Support the Use of Renewable
Energy Sources (Amended), 2022). pyrom 3aKoH, KacaloLWMMCA SHEProcoeperkeHus
M 3Hepro3ddEKTUBHOCTU, HarMpaB/EH Ha 3HAYMTE/IbHOE CHUKEHME MNOTPEebAEeHUA
SHEpPruM B NPOMBILWJIEHHOM M MYHUUMMNA/IbBHOM CEKTOopax. JTOT 3aKOH aKLeHTUpyeT
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BHUMAHME HA Pas3BMUTUM 3SHeProdddEKTUBHOM MHMDPACTPYKTYpbl U nepexoje K
«3€/1eHOMY>» POCTY HaLMOHa/IbHOM 3KOHOMMKKU (KAZAKHSTAN: Law No. 541-IV of 2012
on Energy Saving and Energy Efficiency (2019 Ed.), 2019).

Ewe ofgHa noiuTMKa cBfizaHa C 3HeproaddeKkTUBHOCTbIO 3A4aHMM. OHa
BKAOYaeT pa3paboTKy npaBun ANA oOnpeaeneHns M NepecMoTpa  KJlaccos
3HeproaddekTnBHocTHM 3aaHMi (Energy Efficiency Classes of Buildings, 2022). JTa
MHULUMATMBA CNOCOOCTBYET SKOHOMMM SHEPTUU B 3[aHMAX, CHUKEHUIO ee NoTpebieHuA
W, cnefoBaTe/IbHO, YMEHbLUEHMIO BbIOPOCOB B 3TOM cekTope. llporpamma passBuTUA
OOH B KasaxcTaHe B mapTHEpCTBE C MpPaBUTE/IbCTBOM CTPaHbl M Npu (OUHAHCOBOM
noaaep:kke [N06anbHOro 3KOMOrMYecKoro oHAa MHMUMMpOBaZa MNPOrpamMMbl
NOAAEP!KKM CPEAHUX WM MasbiX NPeanpusATUM, BHeAPAWMX 3HeprodhdeKTUBHbIE
M BO30GHOB/IIEMbIE SHEPreTUYecKne cucTembl. Llenbio 3ToM MHMUMATUBLI ABAAETCA
NPOABUNKEHUE MPOEKTOB BO30GHOB/IAEMOM SHEPrMM Masoro maclitaba M CHUXKEHUE
(b1MHAHCOBOM HarpysKku OT MCMO/Ib30BaHMA YUCTbIX SIHEPreTUYeCKnx cuctem (Transition
to Renewable Energy Sources: Economic Benefits for Entrepreneurs in Kazakhstan,
2024). B nepuog c 2018 no 2020 r. AreHtctBo CLUA no mexayHapoAHOMY pasBMUTULO
(USAID) npuBneKsIo OKONO 2 MAPA AO/N. YacCTHbIX WMHBECTULMM, YTO MO3BOJIN/IO
peann3oBaTb OK0JI0 60 HOBbIX MPOEKTOB B 06/1aCTU BO30OGHOBISEMOM SHEPreTUKM,
cHM3uB Bblbpocbl CO2 B cTpaHe Ha 11 MaH TOHH (Betting Big on Renewables, n.d.).
MomMuMO aeKkap6oHM3aumm, KasaxctaH npeanpuUHUMAET LWarn 4718 NOBblLEHMSA CBOEM
dHepreTMyeckon 6e3onacHocTU. Hanpumep, LleHTpasibHoasMaTcKoe permoHasbHoe
3KOHOMMYecKoe coTpygHmyectso (CAREC) mHBecTMpoBano okoso 8,9 mapg aonn.
B Pas3/IMYHble MPOEKTbl, HamnpaB/IEHHblE Ha paclIMpeHMEe [BYCTOPOHHEM TOProBJM
3JIEKTPO3HEPIUEN U YyUYLLIEHME CETEN /IEKTPOCHAGKEHMA B permoHe (Energy, 2023).
Peanusauma 3Toro nnaHa NoOBbICUT SHEpPreTUMYeckyto 6e3onacHoCcTb B KasaxcTtaHe M
APYTMX CTpaHax permoHa.

150

Briopocs CO, (MT)

0
1990 1995 2000 2005 2010 2015 2020

PucyHok 1. O6wasna smmccna CO2 B KasaxctaHe B nepuog ¢ 1990 no 2021 r.
(Energy Statistics Data Browser, n.d.-a)
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2.2. Y36ekucmaH

Mnowaab Y3b6ekucrtaHa coctaBnseT okono 447 400 km? (Uzbekistan (12/08),
n.d.), a 4yMcneHHocTb Hacenenua B 2022 r. cocTtaBnsna npumepHo 35 648 000
4yesloBEK, COrlacHO aaHHbIM BcemunpHoro 6aHka (Population, Total - Uzbekistan, n.d.).
HecMoTpA Ha 3HepreTMyecKyl CamMoAO0CTaTOMHOCTb 61arogapa rasoBoMy CEKTOpY,
yCTapeBLUas MHPPACTPYKTypa CTPaHbl CTaJIKUBAETCA C TPYAHOCTAMM B y40B/IETBOPEHUM
pacTyLiero BHyTpeHHero cnpoca. YpeamepHoe UCnoab3oBaHWe, NOTEPU U HEAOCTaTOK
drHaHCMpPOBaHMA OCTalOTCA OCHOBHbIMM MPOG/IEMAaMM DHEPreTMYECKOro CeKTopa
Y36ekuctaHa (Uzbekistan, n.d.). B 2022 r. npupoAHbIM ra3 3aHMMan HaM60/bLLYIO
AOJII0 B KOHEYHOM noTpe6eHnn 3Heprmm (TFC), 3a HUM CnefoBasiio SNEKTPUYECTBO
(Energy Statistics Data Browser, n.d.-b). Boiopocbl CO2 Ha egmHMLy BBl B Y36ekucraHe
BbICOKM MO CPaBHEHWUIO C MMPOBbIMM TMOKa3aTeNIAMM, YTO OGBACHAETCS HM3KOM
3¢ PEKTUBHOCTbIO CUCTEM M BbICOKOM 3aBMCMMOCTbIO OT MCKOMaeMoro TonsiMBa. Ha
PucyHke 2 npeacrtaBieHbl AaHHble 0 Bbiopocax CO2 B Y36ekmcTtaHe B nepmog ¢ 1990
no 2021 r. HauuHaa c¢ 2015 r. HabaogaeTca Bo3pacTawowas TeHAEHUUA BblOpOCOB
CO2. MNpupoaHbIM ras 3aHMMaEeT HaMbOobLLYIO A0JIH0 B MPOU3BOACTBE 3/IEKTPOSHEPIUM
B Y36eKMcTaHe, 3a HUM CnieayeT rmaposHepreTmka (gaHHble 3a 2021 r.). B atom xe
roy *WMIOM CEKTOP MMEN HaubOobLLYH A0JIH0 B KOHEYHOM MOTPEBSEHUMN SHEPTUM, 3a
HUM C/le0Bas NMPOMbILLIEHHBbIM ceKTop (Energy Statistics Data Browser, n.d.-b).
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PucyHok 2. O6wasna smuccua COz2 B Y36ekmctaHe B nepmog ¢ 1990 no 2021 r.
(Energy Statistics Data Browser, n.d.-b)

B nocneaHue rofbl B 3SHEPreTUYECKOM CEKTOPE Y36EKMCTaHa Obl/IM PACCMOTPEHDI
pas/MyHble CTpaTtermmM W nnaHbl. O6LMe Mepbl, MNPUHATbIE MNPABUTE/ILCTBOM,
HanpaB/ieHbl Ha JOCTUMKEHME TOMIMBHOM HE3aBMCMMOCTM 3a CYET YBE/IMYEHUA
J06bl4M MPUPOAHOro rasa M rasoBOro KOHAEHCATa, CO3[aHMA CbipbeBOM 6a3bl ANS



LIEHTPA/IbHOA3SMATCKMM XYPHAN MCCIEAOBAHWA K/IMMATA U YCTOMYMBOTO PA3BUTUA (2024) 3(2): 114-137 121

SHEpPreTUMYeCKoro CEeKTopa, 06GecrneyvyeHus MaKCMMaIbHOro A0CTyna HacesieHuA K
3/IEKTPO3HEPIUM, CHUKEHHOMY M MPUPOAHOMY rasy, a TaKKe K COBPEMEHHbIM BMAAM
Tonamea. Kpome Toro, yaenseTcs BHUMaHME YKpENIEHWUO PUHAHCOBOM CTaBUIbHOCTMH,
MPUBNIEYEHUIO MHBECTMLUMM B ITOT CEKTOpP, 3(PPEKTUBHOMY MCMO/Ib30BAHMIO
SHEpreTMYeCcKMx pecypcoB, pPasBUTMIO MpPaBOBOM 6Gasbl AN SHEPreTUYEeCcKoro
CEeKTOpa, COBEPLUIEHCTBOBAHMIO CUCTEMbI HaNoroo6sioxeHMa U (MHAHCOBOIO
peryiMpoBaHmsa, a TaKXe MPOABMMKEHUI0O KOHKYPEHLUUM B SHEPreTUYECKOM CEKTope
(The Outlook for the Development of Renewable Energy in Uzbekistan, 2014). B
JIONOJIHEHUE K O6LIEN MOJIMTUKE 6blIM pa3paboTaHbl M 60/1e€ KOHKPETHbIE MIaHbI.
Hanpuvmep, cornacHo Ykasy [pe3uaeHta Pecny6ivknM Y36€eKUCTaH, onpeaeneHbl
OCHOBHbIE€  HanpaB/IEHWA  JaJibHEMLIEro  pasBMUTMA  TOMJIMBHO-3HEPreTUYECKOM
oTpac/iu cTpaHbl. Cpean Lueneun - BHeAPEHUE NepeaoBbiX PeCypCcoB U TEXHOJIOMMM,
CMOCOOCTBYHOLMX IHEProcOEPEKEHMID B SKOHOMMKE M ObITOBOM CEKTOpE, a TaKXkKe
pasBMTME HOBbIX MCTOYHMKOB 3Heprmm (YKas lpesngeHTta Pecnybamkn Y36eKucTaH
«0 Mepax no pagyKaibHOMY COBEPLUEHCTBOBAHMIO CUCTEMbI YNPaB/iIEHUA TOMIMBHO-
3HepreTMyeckom oTpaciblo Pecny6aunkm Y3bekmctaH» ot 01.02.2019 Ne UP-5646,
2022). B cOOTBETCTBMM C APYroM NMOJIMTMKOM NPeACTaB/IEH 3aKOH, HamnpaB/eHHbIM Ha
YKpenJieHMe 3HepreTUYecKom 6e30nacHoOCTU Y36eKncTaHa, AMBepCcHMdUKaLMIo TOMNIMBA
U 6alaHCUMPOBKY SHEPreTHMKMU B TaKMX 061aCTAX, KaK MPOM3BOACTBO 3/IEKTPOIHEPI UM,
Tensia U 6uorasa C MCrnosb30BaHMEM BO30OHOBISIEMbIX UCTOYHMKOB 3HEPruM (3aKOH
Pecny6ankn Y36eKkucrtaH «06 MCnonb30BaHWM BO30OHOBIAEMbIX UCTOYHMKOB SHEPTUM>»
oT 21 Mada 2019 roga, Ne ZRU-539, 2022). KpomMe Toro, cTpaHa noctaemia uesib 40CTUYb
1011 25 % reHepaumm 3Heprmm U3 BO306HOBISEMbIX MICTOYHMKOB K 2030 T. M yr/iepoaHOM
HemTpanbHOCcTM K 2050 r. USAID coTpyaHM4YaeT C 3aMHTEpPECOBAaHHbIMM CTOPOHAMM
SHEpPreTUYeCcKoro Cektopa U MMHUCTEPCTBOM SHEPreTMKU ANA CO34aHMA LEeHTpa
3esieHoro Bogopoaa (Green Hydrogen Hub) B noaaep» Ky yCHMAUM NpaBUTENbCTBA MO
poctuxkeruio 3tux uenen (USAID Energizes Uzbekistan’s First Green Hydrogen Hub,
n.d.).

2.3. TypKkMeHucmaH

Ewe oaHMM  0OBEKTOM  MccnefoBaHMA  ABAAeTCA  TYPKMEHMCTaH,
pacnosioxeHHbIM B LleHTpanbHoM A3uu. Mnowaab cTpaHbl coctaBnseT 469 930 kM2, a
YUCNEHHOCTb HaceneHua B 2022 r. coctaBuia okoso 6 431 000 yenosekK (Population,
Total - Turkmenistan, n.d.). MpaBuTenbLCTBO TYPKMEHMCTaHA Ha NMPOTAXKEHUM MHOTUX
NIeT aKTMBHO MHBECTMPOBAJI0 B rasoBYl M HePTAHYI OTpac/M ANA pacluMpeHus
U MOJEpHM3aUMM CeKTopa Tenaa M 3nekTposHeprmn K 2020 r. Kpome Toro,
SHEepPreTUYeCKUM CEKTOP MNPaKTUYECKM MNOJIHOCTbIO cybcnampyetcs (Turkmenistan,
n.d.). B 2021 r. Hanb6oNbLIasa AONA B KOHEYHOM NOTPEOGNEHUM SHEPTUU NMPUHASIENKANA
NpUpPOAHOMY ra3y, 3a KOTOpbIM c/ieaoBanu HedpTenpoayKTbl (Energy Statistics Data
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Browser, n.d.-c). Bbiopocbi CO2 Ha eauuHuuy BBl B TypKMeHMCTaHE BbICOKM MO
CpPaBHEHMIO C MUPOBbIMM MOKa3aTeNAMMU 1 NPEBLILIAIOT aHA/IOrMYHbIE NOKa3aTenun ABYX
APYrMX CTpaH, paCCMOTPEHHbIX B JaHHOM UccaegoBaHun. Ha PucyHke 3 npeactaBnieHsbl
AaHHble 0 Bblopocax CO2 B TypkmeHucTaHe B nepuog ¢ 1990 no 2021r. B nepuog c 1998
no 2011 r. Ha604AaN0Cb 3HAYMTE/IbHOE YBENIMUYEHUE BbIOPOCOB, O4HAKO B NOC/I€AHUE
roAbl 3Ta TeHAeHUuMA 3amegmnacb. Cpean pasMyHbIX CEKTOPOB HAaMOOJIbLLYHO A0J10
KOHEYHOro noTpe6sieHms aHeprmm B 2021 r. 3aHMMaIM KOMMEpPYECKME M 00LLLeCTBEHHbIE
ycnyrm (Energy Statistics Data Browser, n.d.-c).
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PucyHok 3. O6wasn smmccua CO2 B TypkMmeHucTaHe B nepmoa ¢ 1990 no 2021
r. (Energy Statistics Data Browser, n.d.-c)

B TypkMeHUCTaHe peanunsytoTca pa3/IMyHble CTpaTermm U nJiaHbl, HarnpasJieHHbIEe
Ha 3aLLUMTY OKpYKatoLeN cpeabl M MOAEPHU3ALMIO SHEPreTUYECKMX cucTeM. Hanprmep,
B paMKax OAHOM M3 NPOrpamm Mo oxpaHe aTMocdepHOro Bo3ayxa 6bls1 MPUHAT 3aKOH,
yCTaHaB/IMBAOLMM CTaHAAPTbl KadecTBa Bo3gyxa (On Protection of the Atmospheric
Air, 2022). CornacHo Apyromy AoKyMeHTy, Onpeaensiembiv Ha HaUMOHa/IbHOM YpOBHE
Bknag (NDC) TypkMeHMUCTaHa npegycmMaTpmBaeT COKpalleHWe BbiIopoCOB NapHUKOBbIX
razoB Ha 20 % K 2030 r. no cpaBHeHUtO C ypoBHeM 2010 r. B cueHapuu «b6u3HecC
KaKk 006bl4HO>» (Nationally Determined Contribution (NDC) to the Paris Agreement
(2022 Update): Turkmenistan, n.d.). MpoeKT nog Ha3BaHWEM «YCTOM4YMBbIE rOpoa
B TYPKMEHMCTaHe: KOMMJIEKCHOE pa3BMTHE 3eJiIeHbIX ropoaos B Awxabaze 1 Asase»,
buHaHcHpyembliit Mporpammort passmtuss OOH (UNDP) 1 Fno6anbHbIM 3KONOTMYECKMM
¢oHAOM, HanpaB/ieH Ha NPOABUNKEHUE YCTOMUYMBOIO Pa3BUTMA FOPOAOB M CHUMKEHME
HeraTuMBHbIX MOCAEACTBUM ropoAckoro pocta B TypkmeHuctaHe (UNDP Continues
to Support Turkmenistan in Improving Energy Efficiency and Developing Renewable
Energy Sources, n.d.). Kpome Toro, B paMkax MexAayHapoAHOro COTpyAHMYECTBa U



LIEHTPA/IbHOA3SMATCKMM XYPHAN MCCIEAOBAHWA K/IMMATA U YCTOMYMBOTO PA3BUTUA (2024) 3(2): 114-137@ 123

noaaepku USAID oKasbiBaeT MOMOLLb B BbIABJIEHMM BO3MOMKHOCTEWM, CBA3AHHbIX C
BO306HOB/IAEMbIMM MCTOYHMKAMM SHEPrMM, COAENCTBYET pa3paboTKe MACLUTAGHbIX U
KOMMMJ/IEKCHbIX HU3KOYr/IEPOAHbIX CTPATErni B SHEPreTUYECKOM CEKTOPE U y4YacTByeT
B COKpalleHWM BbIOPOCOB METaHa M3 ra3oBoro M HedTaHoro cektopa (USAID Power
Central Asia, n.d.).

3. MeTopabl

CyliecTByeT MHOXeCTBO TMMOB M CTPYKTYp, OCHOBaHHbIXx Ha ANN, KoTopble
MCMOJIb3YIOTCA ANA  pa3paboTKM MPOrHO3HbIX Moaenend. OfHoM M3  Haubonee
PacnpoCTpaHEHHbIX Mozeniel Ha ocHoBe ANN ABNSETCS MHOMOC/IOMHBIM NEepLENTPOH
(MLP), KoTOpblM Ha nNpPOTAMEHWMM MOCNEAHMX AECATUNETUM TNPUMEHANCA ANs
MOZEe/IMPOBaHMA Pa3/IMYHbIX CUCTEM M peLUEeHMA MHOXeCTBa 3aga4. O6lana CTpyKTypa
MLP ¢ oAHMM CKpbITbIM C/I0EM NpeacTaBneHa Ha PucyHke 4. OnmncaHme 3ToM moaenm
NpMBOAMTCA Ha ocHoBe uccnegoBaHuna Komeili Birjandi et al. (2022a). B pa3nuyHbix
CNoAX CTPYKTYpbl pacrnosioXKeHbl HEMPOHbI. BxoaHas WMHbOpmMauma nocTynaeT yepes
BXOAHOM CJIOM M NepeAaeTcs Ha CaeAyllWwmi Cnor Yepes HerpoHbl. CMoco6HOCTb
HeMpoHa nepejaBaTb MHGMOPMaUMIO MO CPaBHEHUIO C  APYTMMWM  HEMPOHAMM
XapaKTepusyeTca ero BecoM. KonmuyecTBo HEMPOHOB B KaXKAOM CJ/I0€ CBA3AHO CO
3HaYeHWEM BeCa U 3Ha4YeHMAMM NpeablayLero oA cetu. OCHOBHbBIM BbIYMCIUTENBHBIM
3/IEMEHTOM 3TOM CETH ABNIAETCA HEMPOH.

PucyHokK 4. CTpyKTypa MHoroc/ionHoro nepuenTtpoHa (MLP ANN) ¢ ogHUMm
CKpbITbIM c/loeM (Komeili Birjandi et al., 2022a)

NpuHmMmas BekTop X (X1, Xz, ..., X ) B Ka4ecTBe BXofa CETH, BeC HEeMpPOHOB,
COOTBETCTBYIOLMM MOLLHOCTM CMHAmNCa j-ro HeMpoHa, 0603HaYaeTcs Kak W, U
npeAcTaBAsAET JIMHEMHYHO KOMBMHALMIO BbIXOA0B, a y; ABIAETCA BbIXO/HbIM 3HA4EHWEM
cetn. [lna onpegeneHus BbIXOAHOIO 3HAYEHMA UCMOJIb3YIOTCA Cnefyowme ypaBHEHNA:
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n
i=1
yi = ¢ + by) @)

B 3tnx ypaBHeHuax @(0) u bj 0603Ha4Yal0T PYHKUMIO aKTMBALUMU U CMELLEHUE
COOTBETCTBEHHO. B AaHHOM CETM MOTYT NPUMEHSATBLCA pa3/IMyHble DYHKLMM aKTUBALUM.
OpaHa 13 Hanbosiee pacnpoCTpaHEHHbIX QYHKLUMM aKTUBaUMK, tansig, MCNONb3yeTcA B
AaHHOM MCCed0BaHUMM M NpeAcTaB/ieHa cneayowmm BolpaxkeHmem (Komeili Birjandi
et al., 2022a):

tansig (x) = m -1 (4)

Ana onTuMM3auMM NapameTpoB CETU B MPUMEHAEMOM MOAENM MCMONb3yeTCA
MeTo 06y4eHua JleBeH6epra - MapkBapATa. TakXe pacCMaTpMBaEeTCs OAUH CKPbITbIM
CJ101 C pa3/IM4YHbIM KOJIMYECTBOM HEMPOHOB A1/18 ONpeAeIEHUS ONTUMA/IbHOM CTPYKTYPbI.
3HayYeHuA apyrux rmnepnapameTpoB, TaKMX KaK KOIMYECTBO 3M0X, yCTaHaBIMBAKOTCA B
COOTBETCTBUM C HACTPOMKAMM MO YMOJIYAHMIO B MPOrpamMMHOM obecneyvyeHnn MATLAB.
Jpyroi Metoz, MpUMEHAEMbIM B JAHHOM WMCC/IeA0BaHMM AN MOAE/IMPOBaHUA, —
3TO MeToZ rpynnoBoro yvyeta aprymeHToB (GMDH). 3TOoT noaxoa onucaH Ha ocHoBe
nccnegoBaHma Kim & Okuyucu (2022). MeTtoa conocTaBaseT BXOAHOM BeKTop X =
(X, X,5ee,X ) C MPOFHO3MPYEMbIM 3HAYEHMEM, 0603HAYAEMbIM KaK §, KaK MoKasaHo Ha
Pucynke 5. lMpeanonaraetca, YTo NPOrHO3MpyeMoe 3Ha4YeHUE MaKCMMaJIbHO GJIM3KO
K haKTU4eCKOMY 3HauYeHMto Bbixoga. MHOXKeCTBO M onpefenseTca AnA nap AaHHbIX B
CeTM C O4HUM BbIXOAOM M HEeCKO/IbKMMK Bxogamu (Oh & Pedrycz, 2002).

Yi :f(-’fnfxiz:' T lxr'rr) i=12 ....M

OnTumansHas
mMoaens

NMporuoszupyemos

L J L ] L% J
T B | T

BxogHble gaHHbIe MepBbIA cnoi CKpbITbIe Criou MocnegHwWiA cnorl Bbixog

. BkIGpaHHbIe O He BEIGpPaHHBIE

PucyHok 5. Cxema GMDH ANN (Kim & Okuyucu, 2022)
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MpeackasaHHOe 3HayeHMe BbIXOZa § M3 BXOAHbIX AaHHbIX MNPeACTaBAAETCS
cnenyLlmm obpasom:

_')71' — f(xil,xiz, ...,xm) i = 1,2, ,M (5)

MeToag  HaMMeHbLUMX  KBaJpaTOB  MCMO/Mb3yeTca AN COMOCTaBJIEHUA
MPOrHO3MPYEMbIX U (PAKTMYECKMX BbIXOAHbIX AaHHbIX M MoayYeHusa mogenmn. Cneayoulee
ypaBHEHME NPUMEHSAETCA A8 MUHUMM3ALMU OLUMBKM MOAENN:

M s
Ui iz, 3in) = ) = MUHMMYM (6)
=
Jtor T™Mn ANN onpegenseTcs Ha OCHOBE BXOAHbIX M BbIXOAHbIX (DaKTOPOB,
npeAcTaBAeHHbIX B (hopme NnosiMHOMMaibHOM pyHKUMKM KonimoropoBa - Mabopa, KoTopas
3anMcbiBaeTca caeayowmm obpasom (Farlow, 2020):

n n n n n n
Yy =0Qqg +Z a;x; + z Z ai]-xix]- + Z Z z al'jkxix]'xk + .- (7)
i=0 i=1 j=1 i=1 j=1 k=1

B ypaBHeHMM (7) a o603Ha4aeT KoapduumeHTbl noamHoma (i,j,k)e(1,2,...,n). B
06LLEM C/lyyae 3TOT MOJIMHOM MOXKET 6bITb 3anucaH B KBaApaTUYHOM MOJIMHOMMA/IbHOM
dopme € MCnonb3oBaHMEM TOJIbKO ABYX NEpeMeHHbIX caeayowmm obpasom (Elbaz et
al., 2021):

¥ = G(xi, %) = ag + a1X; + Ax%; + A3x;X; + ayx? + asx? (8)

JTa MoAeNb MPOrHO3UPYET BbIXOAHbIE 3HAYEHMA ANA KaXXA0ro Habopa BXOAHbIX
napameTpoB M MCNOJAb3yeTcA ANA onpegeneHnsa KoddpPUUMEHTOB M YMEHbLUEHMUA
3HaYeHMA cpeaHeKBagpaTUYHOM owwubKM (Root Mean Square Error - RMSE) mexay
NPOrHO3MpPYEMbIMMU U (PAKTUYECKMMM BbixogaMu. MuHuMM3aumMs RMSE onpeaensetcsa
cneayLmMm obpasom:

TG — v 9)

RMSE = — — MUHHUMYM

B 6a3oBoM hopMe AaHHOr 0 a/iIrOpMTMA BCE BUHAPHbIE BEPOATHOCTU HE3ABMCUMBbIX
nepeMeHHbIX (GOPMUPYIOT PErpecCUOHHYI0 apXUTEKTYPY, MCMNOb3yA NOJIMHOMUAJIbHYIO
dopMy, npeacTaBNeHHYIO B ypaBHEHMM (8). KOM4eCTBO AYE€EK B CKPbITOM CJl0e CeTU
PacCUYMTbIBAETCS KaK (N/2) (YMCN0 KOMBMHALMM). 3aTEM BO3MOXKHO Co31aHne M TPOMHBbIX
HabopOB AaHHbIX AnA (pOpMMPOBaHMA (DAKTMUYECKOro BbiXOAa, MPEeACTABNIEHHOr0 Kak
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(yi,x,.p,qiq), rae (p,q)€(1,2,..n). NonyyeHHada mMaTpuvua npeacTaBsieHa Caefyowmm
06pa3oMm: .
X1p X1q4 D1
Xop Xaq )2
Mp XMq ‘Ym

OcHoBHas ¢opma anroputMa GMDH 3anucbiBaeTcs B MaTpuMyHoM dopme, U
ypaBHeHHMe (7) MOXKET ObITb NEPENMUCAHO CAEAYOLMM 0OpPa3oM:

Y=Aq, (11)

rae Y={y,,y,,...,¥,}’ d 0603Ha4aeT chaKTM4eCKMe 3HaYEHUA BbIXOAHOIO BEKTOPA,
a={a,,a,,...,as} Npe/icTaBNAeT CO60M1 BEKTOP HEM3BECTHbIX KO3(PHULMEHTOB NOIMHOMA.
MporHo3upyemas MaTpuvua 4214 pas/IMyHbIX p U q NpeacTaB/ieHa B ypaBHeHMM (12).

2 2
1 Xip Xiq X1ip¥1q X¥1p g

Yo Bomksz se  we
a=| 1 %p T2 *w¥u x3 xf,

(12)

: -
1 Xmp Xmqg XmpXuq *mp  ¥ihg

Cnepytowiee HopMasibHOE YpaBHEHUE AOJIKHO ObITb PELLEHO AJ11 MHOFTOMEPHOI 0
pPEerpecCMOHHOr0 aHajmM3a Ha OCHOBE MeToAa HaMMEeHbluMX KBagpaTtoB. Jnsa
CPaBHEHMS MOJENIEN UCMOJIb3YIOTCA OTHOCUTEIbHOE OTKJIOHEHMe (Relative Deviation
RD) 1 cpegHee abcontoTHOE OTHOCUTENBHOE OTKNOHEHUE (Average Absolute Relative
Deviation AARD), koTopbie onpegenatTca cnegyowmm obpasom (Komeili Birjandi et
al., 2022b):

Yactual — Ymodeled
RD =

(13)

Yactual
n |Yiactual = Yimodeled

i=1
Yiactual

n (14)

AARD =

Ans BblleyKasaHHbIX NMapaMeTpoB MpeAnoYvYTMTE/IbHbI 3HAYEHMA, KaK MOXKHO
6onee 6m3kme K 0. bonee HM3KkKMe 3HavyeHMAa AARD 1 RD yka3biBalOT Ha 60/1ee BbICOKYHO
TOYHOCTb NpeAslaraéMon MOAEIN MU MEHDbLLME OTKJIOHEHUSA MEXKAY NPOrHO3MPYEMbIMM
M (PaKTUYECKMMM BbiIXOAaMK. B AOMONHEHME K ITUM KPUTEPUAM ANA OLEHKM
ncnonbsyetca KoapduumeHT aetepmuHaumm (R?), KOTOPbIM pacCUMTbIBAaETCS C
ncnonb3oBaHWeM ypaBHeHMA (15) (Komeili Birjandi et al., 2022b). 3HayeHuA, 6aM3KMe
K 1, 03HayaloT 60/iee BbICOKYIO TOYHOCTb, M ANA TeKywmux moaenen (Dossumbekov et
al., 2024) 3HaveHuns R?, npeBbiwatowme 0,95, cumTaoTCa NpUEMIEMbBIMMI.

Z?:: 1 (yflactual - yi,mode.!ed) 3

R% =if.= - .
Z?=1(yi,actml - yactual)'z

(15)
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4, PesynbTatbl M 06CYyXKAEHHME

B gaHHOM uccnenoBaHuu ana MmoaenvpoBaHua BoiopocoB CO2 MCNob30Ba/IMCb
ABa MHTeNneKtyanbHbix Metoga: GMDH u MLP ANN. Jna pa3paboTku moaenu
GMDH wucnonb3oBasnocbk nporpamMmHoe obecneveHne GMDH Shell. BxoaHbie gaHHble
NpeA/IoXKEHHbIX MOZENEN BK/IHOHAOT O6LIMM 06bEM SHEPrOCHAGKEHUSA U3 PA3/IMYHbIX
MCTOYHMKOB: 1) YroJib, 2) NpUpPOAHbIN ras, 3) HedTb, 4) rMAPO3HEPrUus, 5) 6MOTONAMBO
M OTX0Abl, 6) Apyrue BO30OHOBAAEMbIE UCTOUYHMKMN SHEPIrUM (BETEP, COMHLUE U T. 4.)
n 7) BBIl. MNocTaBKM pasIMYHbIX MCTOYHMKOB SHEPrMM MUCMNOJIb3YKTCA B KayecTBe
BXOAHbIX AAHHbIX, TaK KaK OHM SIBNAIOTCA BaXKHbIMM (DAaKTOPaMM, XapaKTEpPHM3YOLWMMHU
3HeprocucTemMbl, a BBI NpuMMeHAETCA Kak 3KOHOMMYECKUM MHIAEKC, BAMAIOLWMIA Ha
BbIOPOCHI MApHMKOBbIX ra3oB. JaHHble cobpaHbl 3a nepmog ¢ 1990 no 2021 r. Obwee
KOJIN4eCTBO HAabOpPOB AaHHbIX COCTaBAAET 96, YUTO He ABASETCA C/MLUKOM 60/bLUMM
ANA aHanu3a. Kpome Toro, 3a paccMaTpuBaeMbii NEPMOA OTCYTCTBYIOT NMPOMYCKU B
AaHHbIX. TaKXXe npegnonaraeTcs, YTo BCE NOJyYEHHbIE JaHHble KOPPEKTHbI. 0 3TUM
npUYMHaM npegsapuTenbHaa 06paboTKa 4/1A HaCTOALLEro aHaiM3a U MOAE/IMPOBaHUA
He npoBoamnack (Garcia et al., 2015, 2016). CheayeT oTMETUTb, YTO BCE MCXOAHbIE
[AaHHbIe MCMO/Ib30Ba/IMCb 6e3 HopManu3aumu. JlaHHble, OTHOCAWMECA K NOCTaBKaM
pa3/IMYHbIX MCTOYHUKOB 3HEpPrum, nonydeHbl ¢ camta |IEA (Energy Statistics Data
Browser, n.d.-c; Energy Statistics Data Browser, n.d.-a; Energy Statistics Data
Browser, n.d.-b), a gaHHble o BBIT cobpaHbl ¢ canta BcemmupHoro 6aHka (GDP (Current
USS) - Kazakhstan, n.d.; GDP (Current USS) - Turkmenistan, n.d.; GDP (Current
USS) - Uzbekistan, n.d.). [na o6y4eHMa M TECTUPOBAaHMUS NPEJIONKEHHbBIX MOAEIEN
MCNo/1Ib30Banocb cooTBeTCcTBEHHO 70 % 1 30 % HabopoB AaHHbIX. CnedyeT yKasaTb, YTO
MPOBEPOYHbIM HAGOp AAaHHbIX B HACTOALEM MCCNEA0BAaHUMM He paccMaTtpmBancs. Ha
PucyHKke 6 npeacTaBNeHO CpaBHEHUE MEXAY CMOAE/IMPOBaHHbIMU M (DaKTUYECKMMMU
3Ha4eHnAMM BblopocoB CO2. BONbWIMHCTBO AaHHbIX OY€Hb 6/IM3KU K IMHUK Y = X, 4YTO
03HA4aeT, YTO MPOrHO3 TOYHbIM M AOCTOBEPHbIM. 3HavyeHWe R? JaHHOM moJenu Ans
BCEX AaHHbIx cocTasnaeT 0,9936. 310 3Ha4yeHue R? oueHb 6/IM3KO0 K 1, 4TO rOBOPUT 06
yZ10B/IETBOPUTE/IbHOW TOYHOCTU MOZENN.
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PucyHok 6. CpaBHEHME CMOZEIMPOBAHHbIX U (PAaKTUYECKUX 3HAYEHWUM
BbibpocoB CO2 ansa mogenr GMDH

Ha PucyHKe 7 nokasaHO OTHOCUTesIbHOEe OTKIOHeHUe (RD) passiMyHbIX AaHHbIX
OTHOCMTE/IbHO COOTBETCTBYHOLLEro pakKTM4eCcKoro 3HayeHms BbiopocoB CO2. MOXKHO
HabnaaTb, YTO B OOJIbLUMHCTBE C/ly4aeB 3HayeHMe RD HaxoauTca B AuanasoHe +5
%, 4TO YKa3blBa€T Ha BbICOKYH) TOYHOCTb MOAE/IM, a MaKCMMasibHOe abCoNTHOe
3HayeHue cocTtasnifaeT oKono 20,5 %. Boicokue 3HayeHMa RD B HEKOTOpbIX rogax A
Mozenen 6blv TakKe 3adDUKCUPOBaHbI B APYrMX UCCNeA0BaHMUAX aHAJIOMMYHbIX 3a4au.
Hanprmep, Ahmadi, Dehghani Madvar, et al. (2019) coobwmam, 4To ANA UX MOAENU
nporHo3upoBaHua BblibpocoB CO2 B cTpaHax JIaTMHCKOM AMEPUKM C UCMOJIb30BAHUEM
meTtoga PSO-LSSVM makcumasibHoe 3HaveHne RD cocTaBniAaio okono 22 %. MonyyeHHble
3HaYeHMsA ANs pa3paboTaHHOM MOZE/IM B JAHHOM MCCNEeoBaHWM MOKAa3biBAlOT, YTO
MoJeNb ABNSAETCA NPUEMIEMOM ANA OUEHKMU BbiIopocoB CO2 B GO/bLUMHCTBE C/ly4YaeB
M MOXKET 6biTb NPUMEHEHA ANS 3TOW LieNu.
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PucyHoK 7. 3HauyeHne RD no cpaBHEHUIO C PaKTUUYECKMMM 3HAYEHMAMM
BbibpocoB CO2 ansa mogenn GMDH

AHanorn4yHble AaHHble MCMOJIb30BaMCb AN MoaenupoBaHMsa BblbpocoB CO2
B YNOMAHYTbIX CTpaHaX C mcrosib3oBaHMeM MLP ANN. B npeanoxkeHHOM mozenu
YUMTbIBAETCA TO/IbKO OAMH CKPbITbIM C/IOM, a ANA AOCTMMKEHMA MAKCUMaJIbHOM
TOYHOCTM MCMOJ/Ib30BaJIOCh Pa3/IMYHOE KOJIMYECTBO HEMPOHOB — OT 4 A0 15. B Tabaumue
1 npeacTaB/ieHbl 3Ha4YeHUA MSE Ana pa3finyHbIX CTPYKTYp Moaenn. MoxKHO HabaoaaTb,
YTO MCMNOJIb30BaHME 5 HEMPOHOB B CETM 06eCneyYMBaET MaKCMMaJIbHYH TOYHOCTb Cpeam
NPOTECTUPOBAHHbIX MoAeNien. B aTomM cnydae 3HaveHme MSE coctaBnset 29,55, a R2
—0,9929.

Ta6baunuya 1. 3HauyeHmMsa MSE ana pasnnyHbIX CTPYKTYpP CETU

O6yvatoulee Ha6op faHHbIX 3HayeHne MSE
TecToBoe O6yuvatollee 736.94
MUTorosoe 459.23
MUTorosoe 653.05
5 O6yyvarowee 35.50
TecToBoe 22.74
MUTorosoe 29.55
6 O6yuvarouee 59.51
TecToBoe 30.58
MTorosoe 50.77
7 O6yuvarouiee 67.33
TecToBoe 15.18
UTorosoe 51.57
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Tabnvua 1. NpoAo/IK.

8 O6yuvatowiee 26.55
TecToBoe 176.54
MTorosoe 71.86
9 O6yuvatollee 144.71
TecToBoe 121.40
MUTorosoe 137.67
10 O6yuvarouwee 152.78
TecToBoe 139.91
MTorosoe 148.89
11 O6yuvarouee 57.44
TecToBoe 4109
UTorosoe 52.51
12 O6yyvarouiee 71.70
TecTtoBoe 25.99
MTorosoe 57.89
13 O6yuvatowiee 116.54
TecToBoe 7.32
MUTorosoe 83.55
14 O6yuvatowiee 43.67
TecToBoe 8.06
MUTorosoe 32.92
15 O6yuvatollee 696.00
TecToBoe 569.56
MUTorosoe 657.80

Ha PucyHke 8 npeactaBnieHO CpaBHEeHWE MeXay (dakTUYeCKUMU U
CMOZENUPOBaHHbIMM 3Ha4YEeHMAMM ANna Mogenn MLP. MoxKHO BUAETb, YTO GO/IbLUMHCTBO
MPOrHO30B 6IM3KM K IMHKMKM Y=XY = XY=X, YTO YKa3bIBaeT Ha BbICOKY TOYHOCTb MOAE/N.
AHanornyHo npeapiaywen moaenu, 3HadeHuss RD no cpaBHEHMIO C (paKTUYECKMMMU
BblI6poCaMM M306paxkeHbl Ha PucyHke 9. MOXHO 3aMeTUTb, YTO MaKCMMasbHoe
abcontotHoe 3HayeHne RD Bbiwe, yeM y Mogenu GMDH; oaHako 6GONbLUMHCTBO
3HayeHuM RD HaxoaaTca B AManasoHe +5 %. Ana nyywero noHMMaHMa o6enx moaenem
3HavyeHnA AARD cpaBHuBatoTcA Ha PucyHke 10. CornacHO nosiyyYeHHbIM 3HAYEHUAM
AARD, KoTopble coCTaBAsOT NpubansnTensHo 4,28 % u 3,69 % ana moaenen MLP m
GMDH cooTBeTCTBEHHO, NOCNEeAHAA MOJE/Ib OKa3blBa€TCA HEMHOIO TOYHEeE.
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PucyHok 8. CpaBHeHWE CMOAE/IMPOBAHHBIX U (DAaKTUYECKUX 3HAYEHUM
Bblopocos CO2 gna mogenv MLP
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PucyHok 9. 3HavyeHne RD no cpaBHEHMIO C PaKTUHECKMMM 3HAYEHUAMM
BblopocoB CO2 gna mogenv MLP
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PucyHok 10. 3HayeHne AARD npeasosKeHHbIX MoJenemn

CornacHo nosny4deHHbIM 3HavyeHUAM RZ; AARD u RD, MOXHO OTMETUTb, YTO
npeanoXKeHHble MOAENIM AEMOHCTPUPYIOT NpMEMIEMYIO TOYHOCTb B OL€HKE BbIOpOCOB.
Cnefyet oTMETUTb, YTO B HACTOALLEN MOAE/IM NPeANo/IaraeTcsl, YTo BbIGPOCHI 3aBUCAT
OT NOCTaBOK pa3/IMYHbIX UCTOYHMKOB 3Heprmm u BBI1, B TO Bpems Kak apyrue gakTtopsl,
TakMe Kak NorogHble yC/0BMA MU COLMa/ibHble NapaMeTpbl, TakKXe MOryT oKasblBaTb
B/IMSIHME Ha BbIOPOCHI. JTO MpeAnoNoXKeHWe CAENAHO M3-3a AOCTYNHOCTU AAHHbIX
M ONs YyNpoLEeHUs NpeasoXKeHHoM Mozenu. OrpaHMUYEHHOCTb JOCTYMHbIX AaHHbIX,
BAMSAIOLLMX HA BbIGpocbl CO2, M CNIOXKHOCTM KOJIMYECTBEHHOM OLIEHKM XapaKTepUCTUK
JHEpProcucTeMbl SBNAIOTCA OAHMMM M3 Haubosiee 3HAYMMbIX OFpPaHMYEHUM ANf
pa3paboTKM 60/1ee TOYHbIX U AeTaNIM3UMPOBaHHbIX Moaesien. Mcnonb3oBaHUE TaKMX
MoZEeNen MOXKET 6biTb MONE3HbIM AJIA MOJIMTUKOB M YUYEHbIX ANA OLEHKWU BbIGPOCOB
B 6/MKaMLLME Tofbl M aHa/M3a pas/IMYHbIX cueHapueB. C MOMOLLbIO 3TUX MoJenen
MOYHO OLEeHMBaTb M CPaBHUBATb pa3Hble CLEeHapuK C TOYKK 3peHns Bbibpocos CO:.

Cpean OCHOBHbIX MPEUMYLLECTB MCKYCCTBEHHbIX HEMPOHHbIX ceTel (ANNs) —
CNoCO6HOCTb CMHTE3a a/IrOPUTMOB Yepes NpoLecc 06y4YeHMs, pelleHue HeMHENHbIX
3aJa4 U BbICOKAA YCTOMUYMBOCTb mogenen. OaHaKo Heo6XOAMMOCTb 0ByYeHMA ANs
KakAoM 3aZjaum, NpoBeAeHNe MHOXKECTBA TECTOB /151 MOMCKA ONTMMAa/IbHOM CTPYKTYPbl
M NOTPEBHOCTb B 60/IbLUMX 06 EMAX AAHHbIX A4J1 00Y4YEHMA CETU ABNAIOTCA OCHOBHbIMMU
HeJocTaTKaMM 3TuX MeTogoB (Alhuyi Nazari et al., 2021; Navarro, 2013). B aTom
CBA3M MOTYT ObITb PaCCMOTPEHbBI ApyrMe MeToabl. B yaylumx nccnefoBaHUMAX MOXKHO
NpoTECTMPOBaTb M CPaBHUTb C HACTOALWEM MOAENbI0 ApPYrMe MHTENNEeKTyaslbHble
meTogbl, Brkaovaa ANFIS 1 LSSVM. B HeKoTopbIx cayyasax, B 3aBUCMMOCTU OT 3ajauu
M ee XapaKTEPUCTMK, MCMOJIb30BaHME APYIMX MOAENIEM MOXKET obecneyntb 6osiee
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BbICOKYIO TOYHOCTb M 60/1€€ TOYHble NPOrHo3bl. OCHOBHbIMKM Npenmyiectsamm ANFIS
ABNAIOTCA €ro HaAeXHOCTb B MOAE/IMPOBAHMM HEJIMHEMHbIX MPOLECCOB M BbiCTpas
obyyaeMocTb. Kpome Toro, ata TeXHWKa 06beaUHAET YNCI0BbIE U JIMHTBUCTUYECKME
3HaHKMA (Sahin & Erol, 2017). CNoco6HOCTb K pPeLLEHMI0 HEMHENHDBIX 33Jay ABNAETCA
OJHWUM M3 BaXKHEMULLMX NPEUMYLLECTB METOZ0B, OCHOBAHHbIX Ha SVM; 0JHaKO OCHOBHas
npob6sema 3TOro MoAxoAa 3aK/lo4YaeTcs B HEO6XOAMMOCTM 3HAHWMM, CBA3AHHbLIX C
dbyHKkumen agpa (Alhuyi Nazari et al., 2021). [ToMMMO MCNONb30BaHWUS APYrMX METOAOB,
LLenecoobpasHbiM MpeasIoKEHMEM MOXKET 6biTb MPUMEHEHME pa3IMYHbIX (DYHKLUM
aKTMBaumMu B Mogenn MLP gna npoBepKM UX BMAHMA Ha TOYHOCTb. Kpome Toro,
npeanaraeTca pacCMOTpeTb 60/blie CTPaH permoHa 414 NOBbIWEHUA KOMNAEKCHOCTH
MoJeNeN.

5. 3aksrouyeHue

B 3aK/it04MTENBHOM YaCTU AAHHOIO MCCeA0BaHUA NMOAYEPKMBAIOTCA C/IOXKHbIE
B3aMMOCBA3M MeXay Bblbpocamm CO2, KoTopble B 3HAYMTE/IbHOM CTENEHM 3aBMCAT
OT MoJeNiel 3HepronoTpebsieHMsa, cocTaBa MCTOYHMKOB SHEPrUM U SKOHOMMYECKMX
nokasatenen. Bbibpocbl CO2 3aBMCAT OT MHOXecTBa (haKTOPOB M MNapameTpoB,
O4HaKO 3HepronoTpebieHne U JO0AU Pas/IMYHbIX UCTOYHMKOB OKa3biBalOT HaMbobLiee
BAMAHUE. Kpome Toro, BBI1 MOXeT 6biTb 3HAYMMbIM (DAKTOPOM, KOTOPbIM cieayeT
yUYuTbiBaTb MPU OLEHKE U MPOrHO3MPOBaHWM Bbl6pocoB. OCHOBHOM BKJ1aA AaHHOM
paboTbl 3aK/JIlOYaeTCA B MNPUMEHEHMM METOAOB, OCHOBAHHbIX HA JAaHHbIX W
MCKYCCTBEHHOM WHTENNEKTE, ANA pa3spaboTKM MNPOrHO3HbIX MoZenen Bbl6pOCOB
CO2. B uccnepgoBaHMM pacCMaTpuBaZIMCb TpU CTpaHbl: KasaxcTtaH, Y306eKUCTaH M
TypkMmeHucTaH. [na cb6opa AaHHbIX MCMOJIb30Ba/IMCb MCTOYHMKM, TakKMe Kak |EA,
BcemupHbi 6aHK M USAID. Takxke 6bliM npefocTaB/ieHbl LEHHble CBeJeHusA 06
3HEepreTMYeCcKUX cCUCTeMax 3TMX CTPaH U UX NOIMTUKE, HANpaBAEHHOM Ha NOBbILLEHWE
3HeproaddEKTUBHOCTU M CHUM¥KEHME BblibpocoB. CTpaHbl LleHTpasnbHOM A3umM Bce
60/blie MPU3HAIT K/OYEBYID POJib 3KOHOMMYECKOM MOJIMTUKUM M SHEPreTUYECKUX
cTpaterMit B (hOPMMPOBaHWMM TPAEKTOPMI BblI6pOCOB. [MONMTUKA, MHTErpupylowas
3KOHOMMYECKMM POCT C MPAKTUKAMM YCTOMYMBOIO Pa3BMTUSA ISHEPreTMKU, KparHe
BakHa. Mepbl, TakKMe KaK CTUMY/IMPOBaHME MHBECTULMIA B BO3OGHOB/IIEMYIO SHEPTUIO,
NpoABUNKEHUE SHEPro3(PEKTUBHOCTM B NMPOMBbILLIEHHOCTM M AOMALLHUX X038MCTBAX,
a TaKKe BHeApeHMe 60/1ee YUCTbIX TEXHOIOMUM, MOTYT 3HAYMTEIbHO CHU3MTb BbIGPOCHI
CO2, cnocob6CcTByA MpM 3TOM 3KOHOMMYECKOMY Ppa3BMTUIO. [IpMMEHeHMe MeToaa
rpynnoBoro yyeta aprymeHtoB (GMDH) 1 Mmoaenn MHorocioMHoro nepuentpoHa (MLP)
NPOAEMOHCTPUPOBAJIO BbICOKYHD 3(M@PEKTUBHOCTb B OLEHKE BbIOPOCOB, MpUM 3TOM
GMDH nokasan He3HayMTe/lbHoe NPEeMMYLLECTBO B TOYHOCTM MO CpaBHEHMIO ¢ MLP.
CpaBHMTE/IbHBIM aHa/IM3 MOoKasa, YTo 06e MOAENN MMEKT NMPUEMIEMYIO TOYHOCTD,
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0oAHaKo ncnoab3oaHue GMDH npegnoytuTebHee C TOYKMU 3peHUA TOYHOCTU. BbicoKkue
KO3 prumneHTol getepmmHaumm (R2) n HU3KMe cpeaHMe abCoNOTHbIE OTHOCUTEIbHBIE
oTKNoHeHuA (AARD) ana o6enx mogenen — 0,9936 m 3,69 % ana GMDH, 1 0,9929 u
4,28 % ana MLP — noaTteepAaalwT MX HaZEeXHOCTb. lpeanoxeHHble MoAes I MoryT
CNYXWUTb UEHHbIMM MHCTPYMEHTaMM [AN1A NPOrHO3MpOBaHMA OyayLmMX BblOPOCOB,
NpeAoCTaBNAA JaHHble, KOTOpble MOryT MOMOYb MOAMTMKAM Npu  pa3spaboTKe
3 peKTUBHbIX CTPATErni ANA YCTOMYMBOI0 Pa3BMTUS M OXPaHbl OKPYKatoLLEM cpeapbl.
MONUTMKM MOryT paccMaTpuBaTb 3TM MOAENM ANA OUEHKM Ppas/IMyHbIX CLEeHapueB
NPOrHO3MpPOBaHMA BbIOPOCOB 1 UX CPaBHEHMA. B ByayLLmx uccnegoBaHUAX MOMYT ObiTb
MCMOJIb30BaHbl ApPYyr1e CTPYKTYpbl ceTer U PYHKUMM ANA pa3paboTKM 60see TOYHbIX
moaenen. Kpome toro, Ans moaenmpoBaHms BbiIopocoB CO2 MOryT 6biTb PACCMOTPEHBI
ApYyrue MeTojbl, OCHOBAHHbIE Ha AaHHbIX, TakMe Kak LSSVM mn ANFIS, 4Ttobbl AoCTHYb
60/1€€ TOYHbIX MPOrHO30B.
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