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Abstract. Conservation and reasonable consumption of electricity is an important direction in the
process of production, storage and processing of agricultural products. Aim - the role of energy in
agro-industrial complex is outlined, ways of using alternative energy sources and energy efficient
technologies in the agrarian sector of Kazakhstan are determined. Methods - analysis and
systematization to calculate volumes and identify economic links in livestock and crop production
at the regional level. The method of generalizations allowed us to focus on the systematization of
problems of creating energy infrastructure in remote rural areas. Results - review of foreign and
domestic literature from the position of modern achievements in agro-industrial production and
energy on the example of economically developed countries; reflected the issues of modern
development of the agrarian industry of the republic on the basis of the analysis of gross output of
agricultural products and goods; showed the level of regional economy of the country, analyzed
the consumption of electricity in rural areas from 2015 to 2024; assessed the coverage of the spread
of renewable energy resources, which over the past 11 years. Suggestions for the need to increase
the generation of the electric system are justified. Conclusions - a positive relationship between the
rate of capacity building in the agro-industrial complex and the introduction of energy saving
processes based on increasing productivity in the agricultural sector has been established; the use
of energy saving sources stimulates the development of rural areas and the improvement of social
conditions of agricultural producers.

220 000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Development of cooperation, production means market


https://www.jpra-kazniiapk.kz/
:%2010.46666/2023-3.2708-9991.
mailto:shsmagulova@mail.ru
mailto:shsmagulova@mail.ru
mailto:shsmagulova@mail.ru

ArpapJibIK HapbIK npodJemanapsi, Ne 4, 2024 ISSN-L 2708-9991, ISSN 1817-728X
0000000000000 000000000000000000000000000000000000000000000000
AHaaTna. OneKkTp 3HEepPrusicbiH CakTay XXaHe OpbliHAbI NanaanaHy aybi WwapyawbibiFbl OHiMAEpiH
OHAipy, caKTay XaHe KauTa eHAey npoueciHaeri MaHbI3abl 6aFbIT 60onbin Tabbinaabl. Makcamesi -
AOK-peri aHepreTukaHbiH peni arMkbiHganabl, KazakcTaHHbIH arpapnblk ceKTopblHAa 6anamanbl
3Heprus Kesgepi MeH 3Heprua TUiMAai TexHonorvanapabl nanganaHy xongapbl anlkbiHAANObl.
9dicmep - eoHipnik peHreMge mMan WapyawblbliFbl MeH ©ciMaik wWwapyawbinbiFbIHOAFbI
3KOHOMMKanbIK 6annaHbicTapablH KeJfieMiH ecenTey XoHe aHblKTay YWiH Tanpay XoHe Xyueney.
Xannbinay opici wanfanparbl aybinablK aygaHpapaa 3HepreTvkanblk WHPaKypbinbiM  Kypy
npobnemanapbiH Xyneneyre 6aca Ha3ap aygapyfa MyMkiHAik 6epai. Homuxenep - wetenpgik xxaHe
OoTaHAbIK aaebueTTi arpoeHepkKacinTik eHAipic NeH aHepreTuKaaarbl Kasipri 3aMmaHfbl XeTiCTikTep
TYPFbICbIHAH LWOMY; aybiN WapyalwbiNbifbl ©HiMAepi MeH TayapriapbiHbIH Xannbl WhiFapblibIMbIH
Tanpgay HeridiHge pecnybnukaHblH arpaprblK canacblH Kasipri 3amaHfbl OaMbITy Macenenepi
KepceTinreH; enaiH eHipnik 3aKOHOMUKacbIHbIH AeHreni kepceTingi, 2015 xbinaaH 2024 xbinfa geniH
aybINabIK Xepnepae 31eKTP 3HepPrusAcbiH TYTbIHY TanAaHAabl; CoHFbl 11 Xbinga arpapnbik canaga
TYpPaKTbl ©cyAi KepceTeTiH XXaHapTbinaTbiH 3HEepPrus Ke3aepiHiH TapanyblH KamTy 60oMblHWA Gafa
Oepingi, arpoeHepKacinTik KeweH YWiH 3Heprua obbekTinepiHge wekteynep Gankanagbl, KanTta
eHAey eHepKacibi, Tamak OHiMaepiH WhbIFapy YlWiH aHepreTukanbIiK Taburn pecypcrapabl YTbIMCbI3
nampganaHy, 23Heprusiibl YHeMcCi3 TyTbIHyfa OGawunaHbicTbl  epmepnepgiH  eHgaipicTik
WhIfbIHAAPbLIHbLIH, ©CYi OpPbIH anagbl. JNEeKTP XyWeciH reHepauuvsanayabl apTTbIpy KaXeTTiniri
OoMblHWA YCbIHbICTAp HerizgenreH. KopbimbiHObI - arpapnblK cCeKTopAa OHiMAINIKTI apTTbipy
HerisiHae AGK aneyeTiH apTTbIpy KapKbiHbl MEH 3HEprusa yHemaey npouecTepiH eHrizy apacbiHaa
OH ©3apa OawunaHbIC OpHaTbIFfaH; 3HEPrua YHeMAEeWTiH Ke3gepai naupanaHy aybingblk
ayMakrapabl AaMbITyAbl XaHe aybll WapyalwbibiFbl @HAipyLWwinepiHiH aneyMmeTTiK XaraannapbiH
XakcapTyAbl biIHTanaHabipagbl.

AHHoTaumA. CoxpaHeHue U pasyMHoe nNoTpebneHne afleKTPO3Heprum BaXXHoe HanpaBneHne B Npo-
Lecce NMpPOu3BOACTBA, XPaHEeHMA U nepepaboTKu cenbxo3npoaykumu. Ljenb - o603HauYeHa ponb
aHepreTukm B AlK, onpegeneHbl NnyTM NUCNOMb30OBaHUS anbTePHAaTUBHbLIX NCTOYHUKOB 3HEpPrum u
3HeproadhekTUBHbIX TeXHONOrMn B arpapHom cektope KasaxcrtaHa. Memods! - aHanusa u cucre-
MaTu3auum ans pacyeta 06 eMOB U BbISIBIEHUA 3KOHOMUYECKUX CBAA3eN B XKWNBOTHOBOACTBE U pac-
TeHMEeBOACTBe Ha permoHanbHOM ypoBHe. MeToa 0606LeHM no3BoNuN caenaTb akLeHT Ha cucTte-
MaTn3auuio NpoodrieM co3aaHus 3HepreTMyeckom MHMPACTPYKTYPbI B yAareHHbIX CellbCKUX pano-
Hax. Pe3ysibmamabi — 0630p 3apy6eXXHOM U oTe4eCTBEeHHOW NuTepaTypbl C NO3ULUN COBPEMEHHbIX
AOCTMXXEeHUM B arponpoMbILLINeHHOM NPOU3BOACTBE U IHEpPreTUKe Ha NpUMepe 3IKOHOMUYECKHN pas-
BUTbIX FOCYAAPCTB; OTPaXeHbl BONPOCbl COBPEMEHHOIO pPa3BUTUSA arpapHOM oTpacsnu pecnyonuku
Ha OCHOBEe aHanu3a BanioBOro Bbinycka NpoAYyKTOB M TOBapOB CeflbCKOro Xo03sincTBa; NokasaH ypo-
BeHb perMoHaribHOM 3KOHOMMWKM CTpaHbl, MPOAHANU3NPOBaHO MOTpebrieHne 3NeKTPOo3Heprun B
cenbckon mectHocTu ¢ 2015 no 2024 rr.; AaHa oLeHKa No OXBaTy pacnpocTpaHeHusi BO30OHoBNse-
MbIX 9HEeproHocuTenen, KOTopble 3a nocnegHue 11 neT 4eMOHCTPUPYIOT YCTOMUYMBBLIA POCT B ar-
papHoin cdpepe, OTMEHaAlOTCA OrpaHUYeHUsI B IHEProobbLEeKTax Afisi arponpoMbILIEHHOrO KOM-
njsieKkca, UMerT MeCTO HepauuoHanbHOe UCNONIb30BaHUe 3HEepPreTUYeCKNX NPUpPOaHbLIX PecypcoB
AN nepepadaTtbiBaloLwen NPOMbILLJIEHHOCTU, BbiMyCKa NPOAYKTOB NMUTaHUs, POCT NPOM3BOACTBEH-
HbIX 3aTpaTt ¢pepmMepoB BBUAY HEIKOHOMHOIo NoTpe6neHus aHeprun. O60CHOBaHbI NpeasoXKeHus
no Heo6Xo0AMMOCTMU MOBLILWEHUS FreHepaLuun 3ANeKTpocucTemMbl. Bbi80Ob!I — yCTaHOBIEHA NMOJOXU-
TeNnbHas B3aMMOCBA3b MeXAay TeMnaMmu HapawmBaHusa noteHumana AlNK v BHeapeHnem 3Heproc6e-
perarwLmx NpoLeccoB Ha OCHOBe YBeNIMYeHWSA NPOU3BOAUTENILHOCTU B arpapHOM CeKTope; UC-
nosib30BaHNe 3HepPro3KOHOMUYHbIX UCTOYHUKOB CTUMYNUpPYeT pa3BUTUE CeJNIbCKUX TEPPUTOPUNA U

ynyudulieHue counanbHbIX !CﬂOBMﬁ cenbxosnpowssogmeneﬁ.

Keywords: agribusiness, energy, renewable energy, energy efficiency, energy infrastructure,
processing potential, food, improving farmers' conditions.

TyniHAai ce3pep: arpoeHepKaCinTiK KewweH, 3HepreTuka, XXaHapTbiNlaTblH 3HEPrua Ke3aepi, aHeprus
TMimainiri, 3HepreTukanbiKk WHQPaKYpPbINbIM, ©HAOEY ©HEepPKACiOiHiH oaneyeTi, a3bIK-TyNiK,
thepmepnepaiH xarganbiH XakcapTy.
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Introduction

The AIC is a fundamental component of
the global economy, especially playing a key
role in the economies of developing countries.
Being the main source of food, it also provides
a significant share of the world's income and
employment. According to FAO (Food and Ag-
riculture Organization of the United Nations...)
[1], the agricultural sector employs 67% of the
world's population. It accounts for almost 40%
of GDP and more than 40% of global exports.
And analysts are confident that the importance
of this sector will only increase in the future. Im-
portant changes in production activities
demonstrate significant changes in the agro-
complex caused by technological innovations,
climate challenges and increased energy con-
sumption.

The volume of total agricultural production
in Kazakhstan for 6 months of 2024 amounted
to 1.6 trillion tenge. The greatest contribution
here was made by an increase in production in
livestock farming by 3.5% and in crop produc-
tion - 3%.

Kazakhstan's energy sector plays a key
role in the national economy, including in the
AIC. The country has sufficient quantities of:
oil, gas and coal. In RK, 60 449 billion kWh of
electricity were produced in the first six months
of 2024. The consumption volume amounted to
60 169 billion kWh. In particular, the share of
renewable energy sources (RES) includes
6.47% for the noted period (Half-year results in
the energy sector...) [2]. The modern AIC is
characterized by high energy intensity, which is
due to the use of energy intensive technologies
at all stages of production. Energy, especially
renewable energy sources, has a multifaceted
impact on the AIC. It not only helps reduce
costs and improve the efficiency of food prod-
ucts, but also stimulates the macroeconomic
development of the industry as a whole.

Rising gas prices can stimulate Kazakh-
stani agricultural companies to accelerate the
introduction of RES. In addition, active imple-
mentation will reduce dependence on external
energy supplies. Increasing agricultural pro-
duction is impossible without significant energy
costs. This is especially true in such energy-in-
tensive processes as: irrigation, harvesting,
mechanization and transportation. Affordable
and stable energy accelerates the develop-
ment of the AIC, increasing production and re-
ducing costs.

Despite the fact that reforms are being im-
plemented to a certain extent, there are still
problems in improving the development of the
energy system for the AIC. The main problem

is that there is no mass production and pur-
chase of means of generating electricity from
natural energy sources, such as wind and solar
radiation. In addition, their use, especially in re-
mote rural areas, is at a low level. At the same
time, today the aspects of efficient distribution
and consumption of electricity in the AIC, in-
cluding agriculture, are acute. The issues of
modernization and construction of energy infra-
structure and assessment of the potential for
energy saving in order to optimally provide ag-
ricultural producers in the regions of Kazakh-
stan require a serious solution.

Therefore, improving energy efficiency in
the AIC is one of the key areas of sustainable
development RK. This will reduce production
costs, reduce the negative impact on the envi-
ronment and increase the competitiveness of
agricultural products.

Literature Review

Zhang J., Drury M. [3] characterized the
process of stable organization of the agrarian
sphere and its impact on the economy as a
whole. According to Xu J., Li Y., Zhang M. et
al. [4], digital technologies are a significant in-
centive for optimizing the activities of the AIC.
At the same time, attracting investments in re-
search projects serves as a guarantor of ensur-
ing food security of the country, this is indicated
by Cimino A., Coniglio I., Corvello V. et al. [5]
in their scientific article. As noted by Dimitrijevi¢
M.S. [6], in 2023 these technologies will con-
tribute to the qualitative and quantitative growth
of food production in the global economy.
Other scientists Hales J., Kemper J., White S.
et al. [7] noted that human health, the level of
food security, and the growth of food quality are
completely dependent on the development of
the agricultural sector.

In the study, Zor U., Esen A., Canbulut M.
et al. [8] focused on the approaches of existing
digital tools, the organization and implementa-
tion of agro-innovative methods in rural regions
of the state. In recent years, due to the growth
of the world population, the demand for agricul-
tural products has increased. For example, in
the article by Sun Z., Zhan Y., Liu L. et al. [9]
the influence of stabilization of the AIC, which
directly affects the quality of life and population
growth, is studied.

Sustainable development of the agrarian
sphere directly affects the achievement of food
security. In addition, the development of other
industries that supply means of production for
agriculture depends on it. In the work of
Akimbekova G.U., Nikitina G.A. [10], important
aspects of the development of the agricultural
sector are presented, and recommendations
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and priority vectors for improving the develop-
ment of the economy of the AIC of Kazakhstan
are highlighted. In the article by Boros A., Gor-
dos B., Tézsér D. [11] a bibliometric analysis of
the relationship between sustainable water re-
sources management and green innovations in
the AIC is given. According to Luan
X., Yasmeen R., Shah W. [12]. the efficient use
of energy resources in the AIC with minimal
damage to the environment is a common
global problem.

According to Ren Renewable energy sta-
tistics (Ren Renewable energy statistics) 13],
this approach makes agriculture more sustain-
able and environmentally friendly. The devel-
opment of the energy sector affects the eco-
nomic growth of Kazakhstan, including the
agro-industrial complex — this is emphasized
by Smagulova Sh., Chereeva B., Zhakupova S.
et al. [14]. The work of Emezirinwune U.,
Adejumobi I.A., Adebisi O.I. et al. [15] empha-
sizes the critical need for the integration of en-
ergy and agriculture. The sustainability of rural
areas directly depends on the level of develop-
ment of the agro-industrial complex as a whole.

Materials and methods

The methods of logic and generalization
were used for argumentation and meaningful
presentation of the results of scientific research
on ensuring energy efficiency in agricultural
production. In order to assess foreign practical
experience, the article used the method of crit-
ical analysis of scientific literature. From the
position of measuring the level of gross output
of agricultural products and comparative as-
sessment of the degree of possible energy
consumption in the agricultural sector, empiri-
cal research methods were used.

The analysis and systematicity methodol-
ogy used in the noted work made it possible to
identify facts and certain evidence for the intro-
duction of non-renewable energy sources in
the national economy. In our opinion, energy
resource conservation is an important condi-
tion influencing the favorable organization and
formation of agricultural sectors. All these ma-
terials and provisions are reflected in the
adopted Concept of Development of the AIC of
Kazakhstan for 2021-2030 ( On approval of
the Concept for the development of the agro-
industrial complex...) [16].

Statistical materials for scientific research
on achieving energy efficiency in the agro-in-
dustrial complex sectors are documents of in-
ternational energy and agricultural organiza-
tions (for example, FAQO), the Bureau of Na-
tional Statistics of the Agency for Strategic
Planning and Reforms of the RK, the Ministry
of Agriculture of the Republic of Kazakhstan,
the Ministry of Energy of the Republic of Ka-
zakhstan etc.

Results

Agriculture is an important branch of the
agro-industrial complex, which annually at-
tracts about 38% of the budget's income. It can
be noted that the agriculture of our republic is
in 2nd place in the world in terms of growing
grain crops - 967 kg per 1 person. True, the
productivity of livestock is quite low and here
RK ranks 142nd in the world (Bureau of Na-
tional Statistics Agency...) [17]. The dynamics
of GDP output in agriculture in Kazakhstan for
2013-2023 in table 1 shows sustainable
changes that are associated with a number of
economic and natural factors, as well as the
level of technical and energy support.

Table 1 — Total agricultural output, 2013-2023, million tenge

vears Agricultural Including:
output plant products livestock products | agricultural services

2013 2949 485.0 1683851.4 1256 871.7 8761.9
2014 3143678.1 1739 436.4 1393762.0 10479.7
2015 3307 009.6 1825 236.7 1469 923.1 11 849.8
2016 3684 393.2 2 047580.8 1621541.4 15271.1
2017 4070 916.8 2249 166.9 1810914.1 10 835.8
2018 4474 088.1 2411 486.7 2 050 455.8 12 145.6
2019 5151 163.0 2 817 660.6 2319 496.7 14 005.7
2020 6 334 668.8 3687 310.3 2 637 460.7 9897.9
2021 7 515 433.5 4 387 236.5 3116 973.5 11 223.4
2022 8 407 512.0 5 808 259.8 2545 267.4 14 162.5
2023 7 625 150.9 4552 416.7 30125104 11 606.6

Changes in the cor-

responding indicator

in 2023 compared to

2013, % 258.5 270.3 239,6 1325

Note: compiled based on data from source (Bureau of National Statistics Agency...) [17]
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Let us emphasize that the production of
agricultural goods increased more than 2.5
times in 2013-2023. Analysis of the indicators
in the table shows that in the period from 2013
to 2015 there was a moderate growth in GDP
output in agriculture in RK. We believe that
such growth is associated with the implemen-
tation of state programs to support agriculture.
One of these programs was "Agribusiness-
2017", aimed at increasing the efficiency of ag-
ricultural production. A significant impact here
was on the development of crop production. In
particular, the area sown with grain and oilseed
crops increased. These crops have become an
important component of the country's exports.
In addition, the growth in demand for kazakh
products from foreign markets, especially in the
countries of Central Asia (CA) and China,
played a role here.

It should be noted that from 2016 to 2018,
a decrease in the rate of growth in the agricul-
tural sector is visible. The reason for this was
the economic crisis that began in 2015-2016.
The crisis was caused by the fall in world oil
prices. The fall in oil prices has had a negative
impact on the economy of RK as a whole,
which, in turn, has affected the state of agricul-
ture. Financial difficulties have limited farmers'
access to credit resources. Climate change
and droughts in some regions of the country
have had a negative impact on grain yields.

In 2019, the agricultural economy began
to recover, thanks to improved prices for pro-

ducts and additional government support.
However, the COVID-19 pandemic in 2020
made its own adjustments. Thus, on the one
hand, the imposed restrictions disrupted logis-
tics chains, which led to a decrease in export
volumes. On the other hand, the pandemic
caused an increase in demand for food prod-
ucts in the domestic market, which partially off-
set the losses. The increase in exports of grain
crops and meat products, thanks to the govern-
ment's efforts to diversify sales markets, in our
opinion, has successfully affected the develop-
ment of the entire AIC.

Thus, the total production of goods in total
monetary terms in 2023 amounted to 7 625.2
billion tenge, which is 8.4% lower than in 2022.
In 2023, RK faced drought in some regions,
which negatively affected the yield of major ag-
ricultural crops, such as wheat and barley. In
addition, from our point of view, the negative
factors were: a decrease in sown areas, an
economic crisis, and a lack of investment.
Thus, the decline in this industry is the result of
the complex impact of natural, economic and
structural factors. In the regional context, for 6
months of 2024, the highest rates were
achieved by Turkestan, Kostanay, Zhambyl,
Almaty and other regions (table 2). In addition,
the amount of investment in fixed assets in-
creased here by 5.4% or 68.7 billion tenge
compared to the same period of the first two
guarters of 2023 (Bureau of National Statistics
Agency... livestock farming in the RK) [18].

Table 2 - Gross agricultural output by region, 2023, million tenge

Agriculture, Including production: .
forestry and . . : agricul-
fisheries agriculture plant growing animal husbandry tur_al
; services
Regions of FVi FVi FVi FVi
2023 in 2023 2023 2023
2023 % to 2023 in % to 2023 in % to 2023 in%to| 2023
2022 2022 2022 2022
RK 725150.9 91.7|7576533.7| 91.6|4552416.7 85.9| 3012510.4| 104.5|11606.6
Abai 432956.1| 104.3| 432232.0| 104.2| 211615.9| 105.6| 2204325| 102.7 183.6
Akmola 698 041.5 73.2| 693610.9 73.1| 397 746.2 62.0| 295682.5| 106.6 182.2
Aktobe 361 588.6 97.8| 358818.7| 97.5| 169544.4 92.1| 188724.3| 104.0 550.0
Almaty 704 756.2 99.7| 700471.6| 99.6| 370238.1 96.1| 328792.6| 104.9| 14408
Atyrau 117916.7| 100.1| 115021.0| 99.8| 52411.2 97.3 61595.4| 102.2| 10143
West
Kazakhstan 290 502.1 99.8| 290 337.3 99.8| 1180704 95.9 171 335.7| 103.2 931.3
Zhambyl 523 804.7 96.8| 521477.1 96.7 | 338 858.0 93.8 180670.0| 102.8| 1949.1
Zhetysu 456542.1| 101.7| 455838.7| 101.7| 283085.1| 102.5| 172258.6| 100.3 495.0
Karaganda | 427 955.2 94.8| 426924.9| 94.7| 239411.2 90.5| 187152.6| 101.9 361.1
Kostanay 642 072.8 83.2| 639 493.3 83.1| 501 499.7 80.3 136 753.1| 102.4| 1240.6
Kyzylorda 217 064.0| 103.4| 214170.9| 103.8| 151841.4| 105.0 61827.3| 101.3 502.3
Mangistau 327155| 105.1| 32052.3| 107.3 5012.4| 103.7 27 032.2| 108.2 7.8
Pavlodar 391 833.6 85.6| 390 320.3 85.5| 205957.9 73.3 184 246.9| 1125 115.5
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North
Kazakhstan 760 684.5 83.2| 757523.8 83.2| 577 626.4 79.7 179 154.0| 104.4 743.4
Turkestan 971 965.3 102.6| 963616.4| 102.4| 637631.6| 101.7 325236.1| 104.1 748.7
Ulytau 70 652.6 72.8 70 636.2 72.8 14 825.9 39.8 55 804.4 97.7 5.9
East
Kazakhstan 465 777.3 98.8| 459 581.7 98.6| 258 133.5 91.8 201 240.8| 110.3 207.4
Astana 3730.8 113.4 597.8| 101.9 415.4| 103.3 177.7 98.5 4.7
Almaty 57425 92.9 5 053.6 88.8 4718.4 96.6 333.8 40.9 1.5
Shymkent 48 848.9 100.0 48 754.9 99.8 13773.6 81.1 34059.8| 1125 921.5
Note: compiled based on data from source (Bureau of National Statistics Agency...crop production in
the RK) [19]

The data in table 2 demonstrate that North
Kazakhstan and Kostanay regions remain key
grain producers in Kazakhstan. Grain produc-
tion here has been growing steadily, which, in
our opinion, was due to government support for
the grain sector, including through subsidies
and preferential lending programs for farmers.

The southern regions of Kazakhstan
(Zhambyl, Almaty, Turkestan regions) special-
ize in growing vegetables, fruits and other
crops that require favorable climatic conditions.
Here, active support from the state, including
programs to support irrigated agriculture,
played an important role.

In Western Kazakhstan, Mangistau and
Aktobe regions, according to our research,
face the difficulties in agricultural production
due to unfavorable climatic conditions and lim-
ited access to water. Since 2019, there has
been an increase in livestock production in
these regions. In our opinion, this is due to the
development of livestock support programs, in-
cluding the provision of subsidies for forage
crops. In addition, the growth of meat exports,
especially to the countries of the Middle East
and CA.

This study places greater emphasis on the
development of the Zhambyl region. This re-
gion performs a significant role in the agricul-
tural economy of Kazakhstan. This value de-
pends on favorable natural conditions for the
activities of agricultural industries. Important
vectors of the agricultural sector of the
Zhambyl region include crop production, live-
stock farming, and processing of agricultural
products.

According to the data in the table above, it
can be seen that the number of agricultural
products produced in the region has increased.
For example, in 2010, production was at the
level of 99 374.6 million tenge, and already in
2023 it increased and amounted to 521 477.1
million tenge. This characterizes a significant
increase in agricultural output. Such achieve-
ments, from our point of view, can be associ-
ated with significant government subsidies,

support for republican financing based on gov-
ernment programs, as well as the allocation of
regional funds.

In the Zhambyl region, the main emphasis
is on the cultivation of grain crops, including
wheat, barley, as well as oilseeds and indus-
trial crops. The area of crops in the region has
increased significantly, which is associated
with government programs to support agricul-
ture, for example, the «Agribusiness-2020»
program. The leaders in the production of agri-
cultural products are the Shuya and Kordai dis-
tricts, with output of 111 389.1 million tenge
and 80 382.3 million tenge for 2023. At the
same time, Zhambyl and Baizak districts in
2023 produced products worth 65 351.9 million
tenge and 64 159.7 million tenge, respectively.

Livestock farming in the region is focused
on cattle breeding, sheep and poultry farming,
meat and milk production. The number of cattle
in the region has been steadily increasing by
2-3% annually. Meat and milk production have
grown due to the introduction of modern tech-
nologies for feeding and caring for animals. In
our opinion, the growth in agricultural produc-
tion is associated with the introduction of digital
technologies in the agricultural sector. We be-
lieve that the increase in the volume of food
production is also associated with some use of
innovations in the agricultural sector. This is
supported by government support measures,
active investment in the industry and the imple-
mentation of various agro-industrial complex
programs.

The AIC is the largest consumer of elec-
tricity. Energy costs make up a significant part
of the cost of agricultural products. Traditional
energy sources, such as: coal, oil and gas - are
characterized by price instability on the world
market. In addition, the equipment used for
their extraction and processing wears out over
time, which leads to an increase in production
costs. As a result, the cost of products manu-
factured using these types of fuel becomes
higher and less predictable. It should be noted
that currently agricultural sectors are based on
large energy costs. This is especially observed
in such activities as: irrigation, processing,
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heating of greenhouses and vegetable storage
facilities, etc.

From our point of view, the use of different
types of RES: solar, water and wind energy,
will obviously reduce the dependence of agri-
cultural sectors of the economy on the use of

1800 1651,664

1600
1400

1200

1000 861,7663689
722,5562 732,9395
800

600
400
200

large quantities of coal and gas. This is rele-
vant in remote regions of Kazakhstan, where
access to traditional energy sources is limited.
Electricity consumption in agriculture can be
seen in figure 1.

1069,206
982,4

781,1

0 @ @ @ & & & & & ®
2015 2016 2017 2018 2019 2020 2021 2022 2023

Note: compiled based on data from source (Bureau of National Statistics Agency...crop production in
the RK) [19]
Figure 1 - Final consumption of electricity in agriculture, 2015-2023, %

From figure 1, we can observe the electri-
city consumption in the agricultural sector from
2015-2023. In the period 2015-2019, there is
an increase in electricity consumption, in 2015,
consumption was 7 225 562, gradually rising in
2019 by 1 267 874. This trend is observed due
to the improvement in product prices and addi-
tional government support. In 2020, the volume
of electricity consumption was 831 600, which
is several times lower than in previous years.
In our opinion, the COVID-19 pandemic, the
deterioration of the state of the agricultural
machinery fleet, and the restrictions adopted
have led to a decrease in food production
and exports.

In recent years, a trend of increasing elec-
tricity consumption can be seen. For example,
in 2022, energy consumption increased to
1 069 206 units. In the post-pandemic period
from 2021 to 2023, there is a positive trend in
agricultural output. The growth of agricultural
production due to increased investment, good
weather conditions and overall global demand
for agricultural products had a positive effect on
electricity consumption. Energy saving has be-
come an urgent problem for Kazakhstan in the
last 10-15 years. The analysis showed that the
limited and depreciated energy capacity, the
high cost of energy production, and the lack
of use of renewable energy sources have a
negative impact on the production of food
products.

The use of innovative technologies: for ex-
ample, drones, monitoring systems based on
artificial intelligence, precision farming, helps to

optimize agricultural processes. These tech-
nologies help to better manage resources, in-
crease yields and reduce costs. To implement
these innovative technologies in the AIC, high
electricity consumption is necessary. It is worth
noting that renewable energy sources have an
important influence here. These include solar,
hydro and wind installations, which can provide
a stable power supply in remote rural areas. In
our opinion, the introduction of autonomous so-
lar systems for irrigation, heating greenhouses
and storing products will reduce fuel costs and
make farms more energy independent.

It should be noted that the volume of elec-
tricity generated by stations in 2023 amounted
to 5.9%. This figure is 34% higher than in
2022 (or 4.4%). Over the past 10 years, the
RES in RK has demonstrated significant
growth (table 3).

We can see that table 3 shows an increase
in the construction of renewable energy power
plants by more than 10 times. In particular, the
country is experiencing an increased influx of
investment in new renewable energy facilities.
For example, in 2023 alone, 10 new renewable
energy power plants were built, with a produc-
tion capacity of about 450 MW (On approval of
the Concept for the development of the electric
power industry...) [21]. Note that as of autumn
2024, the total number of renewable energy
power plants is 206 units. This is about 5% of
the total electricity generation. Figure 2 shows
the largest renewable energy facilities in Ka-
zakhstan.
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Table 3 - Development of RES in Kazakhstan, 2013 to 2023

Year Changes
in indica-
tors in

Indi- 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 2023 2023

cator compared
to 2013,
times

RE 178 228 333 444 555 777 11000 | 1222 444 |1 666 1800 10.1

capacity

(MW)

Share 0.3 0.4 0.5 0.8 1.0 1.4 1.8 2.2 2.6 3.0 3.5 11.7

of RE in

genera-

tion, %

Note: compiled based on data from source (Ministry of Energy of the Republic of Kazakhstan....) [20]

The largest renewable energy facilities in the RK

/

Wind farm (WF)

d

X

Solar power plants (SPP)

\

~

Hydroelectric power plants (HPP)

!

1. "Bayanaul WF" (100 MW)
2. "Sarzhal WF" (50 MW)
3. "Zhambyl WF" (45 MW)

1. "Kaskelen SPP" (100MW)
2. "Burybay SPP" (50 MW)
3. "Sarybulak SPP" (45 MW)

1. "Bukhtarma HPP" (675 MW)
2. "Kapchagai HPP" (360 MW)
3. "Ust-Kamenogorsk HPP"
(330 MW)

Note: compiled based on data from source (Kazakhstan power grid management company...) [22]
Figure 2 — Renewable energy facilities in Kazakhstan

By the end of 2024, the Government plans
to build 6 more new renewable energy stations,
the production capacity of which is projected to
be about 197.1 MW. Renewable energy sta-
tions play a significant role in the organization
and operation of the agricultural sector, includ-
ing in the Zhambyl region. Thus, these facilities
provide an opportunity to increase energy effi-
ciency and optimize the costs of farmers and
households. In particular, 22 new renewable
energy stations with a capacity of up to 552.1
MW have already been built in the Zhambyl re-
gion. Thus, this includes 6 state district power
plants with a capacity of 24.7 MW, 10 wind
power plants (WPP) with a capacity of 276.2
MW, as well as 6 solar stations with a capacity
of up to 252.1 MW.

Our study found that WPPs in the Zhambyl
region are leaders in relation to other renewa-
ble energy facilities in terms of the volume of
energy generated and the number of built pro-
jects. In particular, Zhanatas Wind Power Plant

LLP set a new record for Central Asia by build-
ing a 100 MW wind power plant consisting of
40 turbines. The location of the wind power
plant in the Sarysu district was not chosen by
chance. The region is characterized by stable
winds with an average speed of 7-8 meters per
second, which makes it ideal for generating
electricity from the wind.

The use of RES in the agricultural sector
shows favorable preconditions for increasing
energy efficiency and reducing energy costs.
For this purpose, the government issues subsi-
dies and various grants for the introduction of
NRE stations in agricultural production. This
helps to reduce energy costs and increase the
profitability of agro-industrial enterprises. The
energy sector, performing an important func-
tion in ensuring sustainable economic develop-
ment, is in the process of active transformation
in the context of modern globalization.
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The abundance of sun in the south of Ka-
zakhstan has provided advantages for the con-
struction of innovative solar power plants
(SPP). For example, in the Zhambyl region, the
first SPP "Otar" with a capacity of 7 MW was
built more than 10 years ago.

Energy, in particular renewable energy
sources, has a significant impact on the devel-
opment of the agro-industrial complex. Renew-
able energy sources affect the growth of pro-
duction efficiency, cost optimization and reduc-
tion of coal and gas costs.

In our opinion, decentralization of energy
production plays a special role here. In other
words, in remote rural regions of Kazakhstan,
itis necessary to install mini power plants using
renewable energy sources so that farmers can
use electricity in the production process next to
consumption. This will ensure high efficiency
and efficiency of energy consumption by agri-
cultural producers.

It should be noted here that building large
power plants in rural areas is unprofitable. But
we believe that the construction and commis-
sioning of mini power facilities based on renew-
able energy sources is quite justified from an
economic point of view. In addition, this will al-
low for the expansion of the intellectualization
of the renewable energy infrastructure based
on the use of innovative technologies — “artifi-
cial intelligence”, etc. At the same time, as ne-
cessary, rural consumers will independently
adjust their electricity consumption.

Therefore, the application of innovation
and digitalization using the RES will enable us
to predict and op-timize the operating modes
and energy con-sumption in rural areas. Re-
newable energy sources help reduce energy
dependence and costs in the agro-industrial
complex. Integra-tion of renewable energy
sources into agricul-ture improves energy sup-
ply to production fa-cilities. This reduces the
risk of downtime caused by a lack of electricity
or its unstable supply. The introduction of re-
newable energy sources in the agroindustrial
complex stimulates the development of innova-
tive technologies.

Discussion

The economic assessment carried out in
this study confidently demonstrated that over
the past 20 years, the energy intensity of pro-
duction facilities in the agricultural sector has
gradually increased. Thus, energy consump-
tion in the AIC of Kazakhstan has increased by
more than 100 - 150%. At the same time, the
increasing wear and tear of agricultural ma-
chinery, the use of outdated agricultural tech-
nologies, the lack of mineral fertilizers and ag-
ricultural engineering personnel, and the con-

stant increase in the cost of energy resources
have led to a grave situation in the AIC.

The deficit remains one of the main prob-
lems faced by farmers. Therefore, we believe
that the construction of reservoirs and various
irrigation systems using RES will have a posi-
tive impact on the volume of non-irrigated land.

Deterioration of power plants and net-
works leads to frequent accidents, power out-
ages and a decrease in overall energy effi-
ciency. Unstable power supply has a negative
impact on agricultural enterprises. Reduced
productivity due to power outages can lead to
crop losses and reduced income for farmers.

A major obstacle to the use of renewable
energy sources is their dependence on natural
factors. Wind turbines and solar panels depend
on weather conditions, which makes the en-
ergy supply unstable. One of the key problems
of the AIC in Kazakhstan is the insufficient de-
velopment of energy infrastructure in remote
agricultural areas, especially in the southern
and western parts of the country.

The introduction of renewable energy
sources can solve many of these problems,
making the agro-industrial sector more sustain-
able and environmentally friendly. There is a
shortage of electricity production based on al-
ternative sources for the agricultural sector,
there is a lack of energy technologies to save
consumption in the production of food prod-
ucts. Recommendations are presented for the
integration of renewable energy facilities that
facilitate the organization of additional food
production, improve the state of the regional
economy, increase energy capacity and re-
duce the costs of agricultural producers for en-
ergy consumption.

Conclusion

1. One of the important factors for stimu-
lating gross production in the agro-industrial
complex is the high-quality development of en-
ergy infrastructure in the regions of Kazakh-
stan. It is substantiated that the construction
and commissioning of new renewable energy
facilities play a significant role here.

2. An economic and statistical assessment
of the final consumption of electricity in agricul-
ture was carried out. It is shown that uneven
energy consumption is associated with wors-
ening weather conditions, the Covid pandemic,
disproportionate inflow of investments, and
wear and tear of equipment. At the same time,
it is noted that some increase in energy con-
sumption in the agro-industrial complex is
based on measures of state support for agricul-
tural producers.

3. Ensuring energy independence of agri-
culture allows improving the infrastructure of
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rural areas, promotes the introduction of inno-
vations, sustainable growth, improved produc-
tivity and competitiveness of the agricultural
sector of Kazakhstan.

4. Obstacles and threats to the insufficient
development of energy facilities in agricultural
regions are revealed. There is a shortage of
electricity generation from alternative sources
of the agro-industrial complex, there is a lack of
innovative energy saving technologies and in-
novations for the growth of agricultural output.
Recommendations are given for the implemen-
tation and integration of renewable energy
sources, which stimulate the development of
regional economies, create favorable condi-
tions for attracting investment in agriculture, in-
crease production capacity and reduce agricul-
tural producers' energy costs.
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