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Abstract. Some of the concepts that can be identified with agriculture in Kazakhstan
include farmers and livestock breeders. Nowadays, the concept of agriculture is inextricably
linked with the concepts of efficient energy consumption and "green" farming, thus there is
a need to improve the use of renewable energy sources. Ensuring the efficient use of energy
has advantages in the form of lower production costs and social benefits in the form of
reducing carbon dioxide emissions to a level that does not harm the environment, in support
of sustainable development of agricultural regions.

The purpose of the article is to analyze the impact of the use of renewable energy sources
on the development of peasant farms. It is planned to identify factors related to renewable
energy sources in terms of agricultural development, profitability, and their impact on the
environmental component. In this context, an analytical comparison of installed renewable
energy capacities and indicators of reducing the cost of CO, emissions due to energy-efficient
technologies of the new generation was carried out.

Keywords: renewable energy sources, farms, energy consumption, economic efficiency,
reduction of CO, emissions, simple linear regression.

The article was carried out within the framework of the funded project: IRN AP23487689
«Development of economic-mathematical model of increasing efficiency of natural resources
utilization in agriculture of Turkestan region preventing climatic changes».
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Annoramus. Kazakcrangarbl aybul [IapyalllbUIBIFBIMEH —COMKECTEHJIpyTe
0oaThiH Keii0ip Ty KbIpbIMIaMaapra hepMepiiep MeH MalIibuiap karasl. Kasipri
YaKbITTa aybll INApyallbUIBIFBl YFBIMBI THIMAI dHEprus TYThIHY koHe "YKacbur"
9KOHOMHKA YFBIMIAPbIMEH THIFbI3 OalJIaHBICTBI, COHJBIKTAH JKaHAPTHUIATHIH
SHEPIUsl KO3/CePiH NMaii1aaaHy bl )KaKcapTy KaKeT. DHEPTHsIHBI THIMJII MTaliaaHyIbl
KaMTaMachI3 €Ty aybUTIIapyalllblIbIK allMaKTapbIHBIH TYPAKThI JaMybIH KOJIIay YIIiH
KOMIPKBIIIKBII T'a3bIHBIH IIBIFAPBIHABUIAPEIH KOPIIAFaH OpTara 3UsiH KeNTipMEUTIH
JICHIelire JIeHiH TOMEH/IETY TYPIiHJIEeT] OHipiC MIBIFBIHIAPEIH TOMEHICTY QJICYMETTIK
ApTHIKUIBUIBIKTAPFa HeE.

MakanaHbplH Makcarhl >KaHApTBUIATBIH DHEPrUsl Ke3IepiH NalaalaHy/biH
miapya KOXKaJbIKTapbIHBIH JaMyblHa ocepiH Tajjay. Aran aWTKaHzIa, aybll
HIapYalIbUIBIFBIH 1AMBITY, PEHTA0CIBAUTIK KOHE OJIAP/IbIH YKOJIOTHSIIBIK KypamJiac
Oeslikke ocepi TYPFBICHIHAH KAHAPTHUIATBIH JHEPIUs Ke3zepiHe OalIaHbICThI
(dakropinapael  Oenriney kocnapianyna. Ocel Typrbina JKOK-TiH OenrijgeHreH
KyarTapbl MEeH aHa OybIHHBIH SHEPTHSIHbI YHEMJICHTIH TEXHOJIOTHUSIIAPHI apKbLIbI
CO2 uibIFapbIHIBUIAPEIHBIH TOMEHJIEY KOPCETKIITepi OONBIHIIA aHAIUTHKAIBIK
CaJIBICTBIPY JKYPTi3UII.

Tyiiin ce3nep: ;kaHAPTHUIATHIH SHEPTHS KO3/IEPi, MIapya KOXKaIbIKTaPbl, SHEPTHS
TYTbIHY, SKOHOMHUKAJILIK THIMALTK, CO, NIBIFapBbIHABUIAPBIH a3alTy, Kaparnaibiv
CBI3BIKTHIK perpeccusl.

Maxana Kapocolianovipoliamoli  dcoda uieHbepinde opwvinoanovt: KTH
AP23487689 «Knumammolx e3eepicmepdi andvin any ywin Typkicman o0avicbl
ayvll WapyaublivleblHoa NaudalaHamvlh maouau pecypcmapobly muiMoinicin
apmmulpyovlly IKOHOMUKATBIK-MAMEMAMUKATLIK, MOOETIH 23Ipieyy.
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AnHoTtaumus. HexkoTtopele M3 KOHUENIMM, KOTOPbIE MOXHO OTOXIECTBUTH C
CeNIbCKUM X03siiicTBoM B Kazaxcrane, BKIIIOUAIOT ()epMEPOB U KHMBOTHOBOIOB. B
HBIHEIITHEee BPEMS IIOHATHE CEJIHCKOTO X031 CTBaHEPA3PBIBHO CBA3aHO C KOHIICTILUAMHU
3¢ (EKTUBHOTO SHEPrONOTPEOICHUS M «3€JICHBIMY» XO3SHCTBOM, TakKuM 00pa3oM,
CYIIECTBYET HEOOXOJUMOCTh B YJIYYIICHHH HCIOJIb30BAHHUS BO300OHOBIISIEMBIX
UCTOUHHKOB dHeprun. Odecnedenre 3G (HEKTHBHOTO HCIIOIb30BAHHS SHEPTHHA HMEET
MIpEeNMYIIeCTBa B BUJIE CHIYKEHHSI IPOU3BOACTBEHHBIX 3aTPaT M COIIMATBHYIO BHITOLY
B BUJIC CHIDKCHHS BBIOPOCOB INOKCHIA YIIIEpOoa 10 YPOBHSI, HE HAHOCSILETO yiiepoa
OKpY’Karolen cpezie, B MOAJIEPAKKY YCTOMUMBOTO Pa3BUTHS CEITbCKOXO3SIMCTBEHHBIX
PErHOHOB.

Lenpto crarebu SBISIETCA aHAIM3 BIMSHUS HCIOIB30BAHUS BO30OHOBIISEMBIX
HMCOYHUKOB OSHEPrud Ha pa3BUTHE KPECThIHCKUX XO3fAHCTB. B wacTHOCTH,
IUTAHUPYETCS yCTAaHOBUTH (DAKTOPBI, CBSI3aHHBIE C BO30OHOBIISIEMBIMHA UCTOYHUKAMH
SHEPTUH, C TOUKH 3PEHUS PA3BUTHS CEIBCKOTO XO3AHCTBA, PEHTAOEIbHOCTH M HX
BIIMSIHAA Ha HKOJIOTMYECKYIO COCTABIAIONIY0. B 3TOM KOHTeKcTe ObLITIO IIPOBEAIECHO
AQHAJINTUYECKOE CpaBHEHHE YCTAaHOBIEHHBIX MoImHocTedl BHD u moxazareneil
CHWKeHHs 3arpar Ha BeIOpockl CO, 3a cueT 5Heprod((EeKTUBHBIX TEXHOJIOTUH
HOBOTO ITOKOJICHUSI.

KioueBble ciioBa: BO30OHOBISIEMbIC HMCTOYHUKH DHEPTHH, KPECTBSIHCKHUE
X03sicTBa, DHEpronorpedieHne, 3IKoHOMHYecKas 3(PEKTUBHOCTb, CHHUKEHUE
BbIOpoCOB CO,, pocTas JIMHENHHAs pErpeccus

Cmambws 6vinonnena 6 pamkax gunancupyemozo npoekma: MPH AP23487689
«Pazpabomia sKoHOMUKO-MameMamu4ecKol Mooenu nogvlileHus: d¢gexmusnocmu
UCNONb308AHUSL NPUPOOHBIX PECYpPco8 6 cenbCckom Xossaticmee Typxecmanckol
obnacmu, npedynpesicoaioujeli KiuMamuieckue UsMeHeHUs)
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Introduction

The rationale for selecting the research directions is based on the existing need to
enhance the efficiency of energy use in Kazakhstan's peasant and farming households.
Against the backdrop of global climate change and increasing demands on countries,
including Kazakhstan, to meet environmental commitments, the use of renewable
energy sources in the agricultural sector is becoming a priority. Agriculture is heavily
reliant on traditional energy sources, particularly hydrocarbons, making it highly
sensitive to fluctuations in energy prices and, moreover, to any energy crisis.

This is due to the fact that Kazakhstan’s peasant households face high electricity
costs, limited access to renewable energy sources (Smagulova, et al., 2022), and
are vulnerable to new weather conditions. Consequently, renewable energy sources
can be considered an effective solution to achieve energy security goals and reduce
carbon dioxide emissions in agriculture, aligning with the global decarbonization
process. However, Kazakhstan faces challenges such as the limited availability of
renewable energy sources in rural areas (Kabdullov, 2024), insufficient awareness
among farmers about these energy technologies, and restricted funding to implement
energy-efficient measures.

The aim of this study is to discuss the potential prospects for the use of
renewable energy sources and the improvement of energy consumption efficiency
in Kazakhstan's peasant and farming households. The research will examine the
relationship between the level of energy independence in farming households and
the growing interest in renewable energy sources, assess the economic feasibility
of employing energy-efficient technologies in the country’s agricultural sector, and
offer practical recommendations for their further development.

Materials and main methods

Literature review

The analysis of renewable energy utilization in agriculture is being actively
implemented in several countries, yet this topic is most relevant for Kazakhstan,
as the demand for energy is growing, and it is necessary to minimize the negative
environmental impact. These methods should be considered from an international
perspective, as the experience of other countries, when properly applied, can be
utilized in Kazakhstan’s agricultural sector.

In the study titled «Understanding Farmers’ Intentions and Willingness to
Adopt Renewable Energy Technologies» (Elahi, et al. 2022), the authors sought to
determine how readily farmers in Pakistan utilize photovoltaic water pumps. The
primary focus was on the social feasibility of the technology and the willingness
of farmers to pay a premium for clean electricity. The results showed that younger
farmers with higher levels of education and income were more likely to adopt
renewable energy, while others refrained, mainly due to financial constraints and
limited awareness of the benefits of renewable energy. Such conclusions may be
significant for Kazakhstan, as it appears that farmers might similarly face challenges
in financing and understanding the advantages of renewable energy. Government
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intervention through support programs and awareness-raising initiatives is required
to expand knowledge and encourage farmers to adopt small-scale renewable energy
technologies.

In the work «The role of research and development in green economic growth
through renewable energy development» (Fang, et al., 2022), the authors examined
the impact of renewable energy research and development (R&D) on the economic
growth of South Asian countries. The study found that industrial growth and
technological advancement are key factors in reducing CO, emissions and fostering
economic growth through the integration of renewable energy. However, research on
renewable energy adoption conducted in European countries could also be applied to
others; for instance, Kazakhstan could benefit from the predominant implementation
of renewable energy on agricultural lands. This would not only help limit emissions
but also contribute to the development of rural areas through a green economy.

According to a study titled «Assessment of environmental sustainability:
identifying the relationship between co, emissions and agricultural and renewable
energy consumption» (He, 2024), traditional farming practices increase emissions,
while renewable energy, conversely, reduces emissions and ensures sustainable
development. As a country facing similar challenges in agriculture and energy,
Kazakhstan could benefit from South Korea’s successful experience in implementing
renewable energy in the agricultural sector to reduce emissions and improve
environmental conditions.

In the article titled «Renewable energy sources and sustainable agriculture: a
review of indicators» (Bathaei, et al, 2023), the authors devote significant attention
to renewable energy-based agricultural production and its potential minimal negative
environmental impact. They also emphasize the importance of using modern methods
for assessing the efficiency of renewable energy in sustainable agriculture. It would
be beneficial for farmers and various governmental bodies to have new and more
precise sustainability indicators that reflect the impact of renewable energy sources
on Kazakhstan's agricultural sector.

In their article «Rational use of Agricultural land in Kazakhstan» (Yelemessov,
et al., 2022) analyze the institutional frameworks for the effective use of agricultural
land in Kazakhstan's multicultural economy. According to the authors, there is a
serious issue regarding the organization of sustainable and competitive land use
when forming rational land management. In the context of a developing land market,
ensuring a high level of commodity production and sufficient profitability becomes
a key task. The article also notes that improving land use efficiency in farms with
different forms of ownership depends on increasing labor productivity, optimizing
economic regimes, and maximizing the use of internal reserves.

In the article «Sustainable Development Agriculture in the Republic of
Kazakhstan» (Tokbergenova, 2018) an author analyzes issues related to the
sustainable development of Kazakhstan's agricultural sector, with the authors
focusing on problems associated with ensuring sustainability in agriculture. The
diversity of natural and climatic conditions, as well as the availability of extensive

322



ISSN 1991-3494 5.2024

pasturelands in desert and semi-desert regions, has made traditional agriculture an
indispensable means of ensuring the country's food security.

Finally, the study titled «Renewable energy sources and sustainable agriculture»
(Aldhshan, et al. 2021), discusses the importance of renewable energy in ensuring
sustainable agriculture globally. This article also describes various methods for
assessing extraterrestrial solar radiation and determining optimal locations for
photovoltaic farms. These methods can also be applied to identify potential areas for
the development of solar power plants in Kazakhstan, particularly in the southern
and western regions, which appear to have the highest potential for utilizing solar
resources.

Analysis

The global economy is experiencing a substantial rise in demand for energy and
associated services, driven by the necessity to support socio-economic development
and improve the population's quality of life. Energy supply is a fundamental compo-
nent for meeting citizens' basic needs, such as lighting, heating, cooking, and access
to communication, as well as for enhancing production capacity (Kaygusuz, 2007).

However, the growing reliance on fossil energy sources like coal, oil, and gas
is contributing to a rapid increase in greenhouse gas emissions, which negatively
impacts the environment (Van Ruijven, et al, 2009). Economic structures and
the selection of fuel and energy resources directly influence the volume of these
emissions.

Kazakhstan, as one of the countries with high greenhouse gas emissions per unit
of GDP, faces the necessity to transition to renewable energy sources (RES) for
heat and electricity production, alongside improvements in energy efficiency. These
measures are regarded as key tools to mitigate the adverse effects on the climate and
the environment (Wang, et al, 2024).

Thus, data were collected to compare the levels of agricultural activity and
energy consumption over the period from 2014 to 2022 (Kim, 2021) (Medieva, et
al., 2024). Second-order polynomial interpolation sums were employed to estimate
the coefficients. There is an abundance of additional data for 2014 and 2020, and the
coefficients for these years were calculated based on the given data sets. This method
proves effective for applied analysis, particularly when high data recovery speeds
are required, as well as for coordinating and stabilizing growth, taking into account
their nonlinear nature.

For example, cross-analysis and linear regression procedures were used to study
the efficiency of renewable energy sources in meeting various household needs. An
economic efficiency analysis was thus conducted, based on the cost savings from gas
consumption and the reduction of CO, emissions, enabling a forecast for the coming
years.

Interpolation of RES capacity:

Px)=axx?+bxx+c (1)
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Where:

P(x) — the desired capacity in year x;

a, b, ¢ — coefficients calculated based on data from 2014 and 2021.
For further research, we will also require the functions of simple linear regression:

Y=00+ 1 XX+ ¢

Where:
Y — the dependent variable;

X — the independent variable;
B, B,— the parameters we seek;
€ — the error (noise) not explained by the model.
And correlation:

o _SK—R)x ()
VI - XX N(Y;, - V)2

Where:
X., Y, — values of the variables;

X, Y — mean values of the variables;

r — correlation coefficient.
Thus, polynomial interpolation (1) allowed us to calculate data for each year
between 2014 and 2021, as well as 2022. However, the growth in capacity and the
reduction in emissions vary due to the nonlinear nature of the function (see Table 1).

Table 1. Results of polynomial interpolation for 2015-2022

2

3)

Year |Installed Capacity | CO, Reduction | Cost Savings | Regional Technological
(MW) (tons) ($) Capacity (MW) | Efficiency (MW)
2014 100,0 200,0 150,0 120,0 130,0
2015 126,7 254,3 196,4 162,9 164,3
2016 157,3 316,9 253,7 212,6 205,7
2017 192,0 387,7 312,9 268,0 206,8
2018 230,7 466,9 372,9 329,1 310,0
2019 2733 401,3 433,7 396,0 372,9
2020 320,0 650,0 495,4 468,6 503,6
2021 500,0 850,0 700,0 400,0 520,0
2022 5533 964,3 790,7 485,7 587,1

Now, based on the available data, we will utilize the method of simple linear
regression (2) to identify the relationship between the variables (see Figure 1).
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Figure 1. Simple Simple Linear Regression between CO, Reduction (tons) and Technological

Efficiency (MW) based on the results of polynomial interpolation

Based on the regression, the linear regression function for our analysis is as
follows:

Y = 0.6087x + 29.615 (5)

Next, to verify the existing function, we should conduct a forecast function and
the equation of the line (see Figure 2).

1000 1000
900
800 800
700 700
z 600 600
g 500 500
= 400 400 Forecasting function
300 300 . .
200 200 === ine equation
100 100
0 0

600 1000 1050 1200 1500
= Forecasting function394,8416%38,32607%8,7616360,0683032,681649
=] ine equation 394,835 638,315 668,75 760,055 942,665

Data for forecast

Figure 2. Forecast Function and Line Equation for CO? Reduction (tons) and Technological
Efficiency (MW)

Now, we will identify the correlation using formula (3) for each parameter from
Table 1 in relation to technological efficiency of RES (see Figure 3).
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’ Installed Capacity ~ CO, Reduction . Regional Capacity
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e Correlation

Figure 3. Correlation between Technological Efficiency (MW) and Installed Capacity (MW), CO,
Reduction (tons), Cost Savings ($), Regional Capacity (MW)

The findings of the study revealed a high correlation (>0.94) between all the
variables examined. Thus, it can be concluded that improvements in one indicator
will inevitably lead to an increase in another. However, it is also important to
note that even the presence of a positive relationship does not guarantee overall
strong performance. For instance, the Republic of Kazakhstan is among the leading
countries in terms of per capita carbon dioxide emissions, yet the proportion of the
state budget allocated to financing environmentally significant technologies pales
in comparison to the top 50 GDP-ranked countries. Based on this, we conclude
that the country needs to focus on enhancing governmental support and fostering
technological progress through funding the development and implementation of new
efficient renewable energy sources.

The concepts of a "green economy," "green" growth, and sustainable development
have brought together representatives of international organizations, government
bodies, and civil society in response to recent global crises. "Green" growth aims to
simultaneously achieve economic growth while addressing climate change, costly
environmental degradation, and inefficient use of natural resources. In this regard, the
development of the "green economy" agenda is seen as a comprehensive approach
to overcoming the triple crisis: economic, energy, and environmental. Currently, the
world is paying particular attention to issues of sustainable development and "green"
growth. International organizations such as the United Nations, OECD, and the
World Bank are actively working in this direction. The driving force of globalization
is the modernization and transition of the global economy, particularly in industrially
developed countries, to a new technological paradigm. This shift, alongside the

nn
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qualitative renewal of the technological base, increasing production efficiency, and
enhancing the competitiveness of the economy, is aimed at improving the quality
of life and living conditions. Globally, the economic policy of "green" growth was
officially adopted by the Organization for Economic Cooperation and Development
(OECD) in 2009 as a strategic direction for the long-term (up to 2030) and more
distant (up to 2050) development of all its member states (Porfiryiev, 2013).

Despite the constraining effects of the crisis in the short- and medium-term outlook
(until 2020), the importance of the “green” sector of the economy, particularly in the
domain of clean energy, is expected to intensify. According to various forecasts, over
the next 20-25 years, the vast majority of G20 nations are anticipated to witness
rapid growth and a substantial increase in the share of the “green economy,” with
an emphasis on the development of environmentally sustainable energy sources
(Chernomorova, 2016).

In Kazakhstan, the exploitation of renewable energy sources (RES) remains
limited despite the considerable potential for their expansion. Nonetheless, the nation
is making significant strides toward sustainable development, as evidenced by its
ratification of the Paris Agreement in 2016 (The Law of the Republic of Kazakhstan
dated November 4, 2016). This agreement seeks to establish a national action plan
aimed at addressing climate change and supporting the reduction of carbon emissions
in the economy.

A reduction in Kazakhstan’s carbon footprint could be achieved by substituting
coal with cleaner energy sources such as natural gas and renewable energy. In
addition to enhancing air quality, this transition fosters an environment conducive to
attracting investments in the “green” economy.

Results

The analysis of the data revealed that the integration of renewable energy
technologies in Kazakhstan’s agricultural enterprises has a beneficial effect on both
economic and environmental efficiency. The reduction of CO, emissions, alongside
significant cost savings, not only enhances the resilience of agricultural enterprises
but also contributes to their long-term development. Polynomial interpolation
demonstrated its efficacy in forecasting data in the absence of information for specific
years, while correlation and linear regression methods corroborated the positive
relationship between the advancement of RES and improvements in economic
performance.

Discussion

Speaking about the efficiency of the use of renewable energy sources in agriculture
conducted in other countries, it can be stated that there is a high potential for
reducing CO[ emissions, improving energy efficiency and energy costs. Otherwise,
following the examples of Pakistan, South Korea and other countries, given the great
potential of Kazakhstan in the development of solar and wind energy sources, it is
possible to try to implement specific strategies for the development of the agricultural
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sector related to renewable energy sources. Based on the current state of affairs, it is
possible to outline in advance several initial guidelines for the constant promotion of
peasant farms in the field of renewable energy sources. First of all, attention should
be paid to the concept of state support, since the further continuation of subsidy
and support programs in the field of renewable energy sources will promote the
use of new energy-saving technologies. This applies even more to areas that have a
relatively higher probability of using solar and wind energy. Secondly, it is necessary
to subsidize the development of technologies by providing financing for the
development of new efficient sources of renewable energy. Based on interpolation
and regression methods, energy consumption and yields can be predicted to help
farmers plan resource use to avoid or minimize risks that reduce farm profitability.

Conclusion

The study also suggested to increase farmers’ awareness of the potential to
utilize renewable energy sources, as well as to implement new energy efficient
technologies. This means the need for state support in form of subsidies as well as
education programs and other strategies aimed at increasing the adoption of modern
technologies in agriculture.

The application of the obtained findings is within the proposal of measures and
further agricultural commercialization to expand RE use in the farms with better
energy performance and immune against the extrinsic economic and environmental
shocks. The possibilities for further research in this direction are the investigation of
economic efficiency of different types of renewable sources of energy for farms, and
the creation of models of state encouragement and funding that might contribute to
the implementation of sustainable technologies in the sphere of agriculture.
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