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Annotation. The goal is to analyze the current state of development of agro-industrial production
in the context of circular and climate economy of Kazakhstan with emphasis on identifying the
elements of its key aspects in livestock farming and determining the influence of climatic factors
on this economic system. Methods - statistical analysis and graphical interpretation of data,
comparative assessment of linear and circular economic models. Materials from scientific publi-
cations, regulations, as well as interviews with experts were used. Results - recommendations for
transition to sustainable circular economy structure in agricultural sector of Kazakhstan have
been developed, aimed at increasing the efficiency of resource potential, reducing negative im-
pact on environment and creating new opportunities for business and innovation in the country's
agro-industrial complex. Measures have been proposed to improve the infrastructure for pro-
cessing and disposal of agricultural waste and use of modern technologies in the industry. Con-
clusions - implementation of the principles of circular economy helps to increase energy efficien-
cy and reduce negative impact on biosphere and ecosystems, creating conditions for expanding
the scope of innovative entrepreneurship - “green” business: new jobs, appropriate infrastruc-
ture, “green” logistics, etc. Principles of circular economy: circular supply (limited resources are
replaced by completely renewable sources); extending the life cycle of products through modern-
ization and reconstruction; recycling (restoration and recycling of product residues). Resource-
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efficient modification is an opportunity for innovation at all stages of new value formation, which
gives not only good final results, but also leads to them with lower material, energy and environ-
mental costs.

Anpatna. Makcambl - KasakcTaHHbIH anHanMmarbl XaHe KIMMaTTblK 3KOHOMUKAchI LWeHObepiHae
arpoeHepkacinTik oHAIpiCTi AamMbITyAblH Kas3ipri »aw-KyrWiH Tangay, OHbIH Man Lapyalbl-
NbifbIHAAFbl HETi3ri acnekTinepiHiH aneMeHTTepPiH aHbIKTayFa XXoHe KNUMaTTbIK ¢hakTopnapAblH
oCbl 3KOHOMMUKanbIK Xylere acepiH aHblKTayFa 6aca Hasap ayaapy. ©dicmepi - pepektepai ctatu-
CTUKanbIK Tangay XoHe rpadumkanblK MHTepnpeTauusanay, CbI3bIKTbIK X9He aWHanbIiM 3KOHO-
MUKanblKk MoaenbaepAi canbiCTbipManbl 6aranay. FbinbiMu XapusinanbiMgapablH MaTepuan-
Aapbl, HOPMaTUBTIK aKTinep, coHgan-aK capanwbinapmeH cyx6art nanganaHbinFaH. Homuxenepi -
pecypcTbiK aneyeTTiH TWimainiriH apTTbipyfa, KopluaraH opTafa Tepic acepai asanTyra XoHe
enimisgin, A©GK-ge 6uM3Hec neH MHHOBauusnap YyuWwiH XXaHa MyMKiHAIKTep Xacayfa OafbliTTanfaH
KasakcTaHHbIH arpaprblK CEeKTOpbIHAAFbl TYMbIK alHanmasrbl 3KOHOMMUKaCbIHbIH OPHbIKTbI Kypbl-
NbiMbIHA Kewy 6oMbIHIIA YCbIHbIMAAP 93ipneHreH. Aybin WapyawbibiFbl KanablKTapblH eHOey
XX9He Kaaere japaTy »XoHe canaga 3amaHayu TexXHororusnapabl KonpaHy yuwiH wuHdpa-
KYPblbIMAbLI XeTingipy wWwapanapbl YCbiHbIFaH. KopbimbiHObinap - aWHanMmanbl 3KOHOMMUKa
KaFrnpaTTapbiH )Ky3ere acbipy 3Heprusi TMimMpiniriH apTTbipyfa xaHe G6uocdepa MeH 3Koxymnere
Tepic acepAi asanMTyFa, MHHOBALUMANDbIK KacCinKepnik — «Kacbifi» OM3Hec canacbliH KeHewuTy YLiH
XXargannap xacayfa biKknan etefi: XaHa XXYMbIC OpblHAAPLI, TUICTi MHPaKYpPbIbIM, «Kacbis»
FIOrnMCcTUKa XaHe T.6. ANHanmanbl 3KOHOMUKaHbIH NPUHLUUNTEPI: ahHanMarbl YCbIHbIC (LIeKTesreH
pecypcTtap TONbIFbIMEH XaHapTblaTblH KO34epMeH aybICTbIpbiiaAbl); XaHFLIPTY XXO9HE PEeKOH-
CTpyKUusinay apKbiibl ©HiMHiH eMipniK LUKIiH y3apTy; KanTa eHaey (eHiM KanabIKTapbiH KannbiHa
KenTipy XoHe Kauta eoHAaey). PecypcTtapgbl TMimai mMogmcmkauusinay - Oyn kaHa KyHAObI
KanbINTacTbipyAblH Oapnblk Ke3eHAaepiHAaeri MHHoOBauusnapgblH MYMKiHAiKTepi, Oyn >Kakcbl
HOTWXe OGepin KaHa KOMMaW, COHbIMEH KaTtap maTtepuangblK, 3HepreTukanblK )XoHe 3KOJNOrnAsnbIK
WhIFbIHAAPAbIH TOMeHAeyiHe akeneai.

AHHOoTauusa. Lenb — aHanu3 coBpPeMEHHOro COCTOSIHUSAI Pa3BUMTUSA arponpoMbILLNIEHHOro MPou3-
BOACTBa B KOHTEKCTE LMPKYNAPHON N KNMMaTuyeckon akoHomukn KasaxcraHa ¢ akLleHTOM Ha Bbl-
ABfIEHNe 3/1EMEHTOB ee KIMIo4YeBbIX acfneKkToB B XXMBOTHOBOACTBE U onpeaerieHne BIIUAHUA KNU-
MaTuyeckux ¢akTopoB Ha JaHHYIO0 9KOHOMUYECKYIO cucteMy. Memodsbl — CTaTUCTUYECKMIA aHanu3
1 rpadmyeckas MHTepnpeTauuns AaHHbIX, CPaBHUTENIbHas OLeHKa NIMHEMHOW U LUPKYNSPHOW 3KO-
HOMMYeCcKux moaenen. cnonb3oBaHbl MaTepuanbl Hay4YHbIX NyGnukauum, HOPMaTUBHbIX aKTbl, a
TaKKe UHTEpPBbLIO C aKcnepTamu. Pe3synbmamsbl — pa3paboTaHbl pekoMeHAaLMM no nepexogy Ha
YCTOWUYMBYIO CTPYKTYPY IKOHOMUKM 3aMKHYTOro LMKNa B arpapHoMm cektope KasaxctaHa, opueH-
TUPOBaHHYI Ha yBenuyeHue 3chheKTMBHOCTM peCcypCcHOro noteHuuana, CHUKeHue HeraTMBHOro
BO3EMCTBUSA Ha OKPYXalLLy cpeny U co3faHMe HOBbIX BO3MOXHOCTEN Ans 6M3Heca n MHHOBA-
umn B AlK cTtpaHbl. MpeanoxeHbl Mepbl COBEpPLUEHCTBOBAaHMA MHMPACTPYKTYpPbI ANA o6paboTku
M YTUNU3aLumUmn CeNbCKOXO3ANCTBEHHbIX OTXOA0B U NPUMEHEHUIO COBPEMEHHbIX TEXHOOIMMIN B OT-
pacnu. Bbigodbi — peanusauus NPUHLUNOB LIMKITMYECKOW 3KOHOMMUKU CNOCOGCTBYET NOBbLILLEHUIO
3HeproadphpeKTUBHOCTM U COKpaLLEeHUIO OTpULaTENbHOro BNUSHUA Ha buocdepy U 3KOCUCTEMBI,
CcOo34aHMI0 YCNoBUI ANA pacwmpeHusi cdepbl MHHOBALMOHHOIO NpeanpuHMMaTenbcTBa — «3erne-
Horo» OGM3Heca: HOBble paboune mecTa, COOTBETCTBYHLasa UHPACTPYKTypa, «3eneHasa» noruc-
TUKa U T.4. MpYMHUUNBI 3KOHOMUKM 6e30TXOAHOro NPOM3BOACTBA: LIMPKYNsipHble NocTaBku (orpa-
HUWYEHHble pecypCbl 3aMEHSHOTCA Ha NONHOCTLIO BO30OOHOBNSAEMbIe UCTOYHUKM); NPOATIEHNE XKN3-
HEHHOro LMKna NpoAyKLUMU 3a cHeT MoAepHU3aLMU, PEKOHCTPYKLIUWN; PELIMKITUHT (BOCCTaHOBIIEHUe
M BTOpUYHasA nepepaboTka ocTaTKoB npoaykuum). PecypcoaddektuBHas mogucdmkaumsa — 3Tto
BO3MOXHOCTU A1 MHHOBaLMMA Ha Bcex ctaausax chopmMmpoBaHUsi HOBOW CTOMMOCTU, YTO AaeT He
TOJIbKO XOpPOLUNE KOHEYHbIe pe3ynbTaTbl, HO U NPUBOAUT K HUM C bonee HU3KUMU MaTepuarbHbI-
MU, SHEPreTMH4ECKMMU U IKONOrMYECKMMM 3aTpaTamu.

Key words: agriculture, circular economy, livestock farming, waste-free production, renewable
sources, low material, energy, environmental costs.
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eHAipic, )kaHapTbINaTbIH Ke3aep, TOMeH MaTepuanabIK, 3HepreTUKanbIK, 3KONOrUANbIK WbFbIHAAP.
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npons3BoAcTBoO, BO30OHOBNSIeMble UCTOYHUKU, HU3KUEe mMaTepuanbHble, dHepreTn4yeckme, 3KOIoru-
YyecCKue 3aTpaTbl.
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Introduction

Currently, the importance of transitioning
to a more sustainable economic. The im-
portance of the transition to a more sustaina-
ble economic model in the agro-industrial
complex of Kazakhstan is currently being dis-
cussed. Environmental sustainability and cli-
mate conservation are key priorities, and in
this context, the need to implement the con-
cept of a circular economy arises. The circular
economy offers a new approach to resource
use and waste management, aimed at mini-
mizing negative environmental impacts and
increasing resource efficiency.

It is known that in Kazakhstan, with its
vast agricultural lands and diverse climatic
zones - from steppes to semi-deserts and mo-
untainous regions - adaptation of agriculture
to changing climatic conditions is especially
important. It is necessary to implement com-
prehensive strategies to improve the efficiency
and adaptive capacity of the agricultural sector,
including the development of new plant varieties
that are resistant to extreme conditions, the in-
troduction of advanced agricultural technologies,
improving water and soil management systems,
as well as the transition to a circular economy
and organic agriculture.

The circular economy in livestock farming
is based on the principles of recovery, recy-
cling and reuse of resources. It allows re-
sources to circulate throughout the production
process for as long as possible, thereby re-
ducing the need for additional raw materials
and reducing waste. The idea of a circular
economy includes not only environmental sus-
tainability, but also economic benefits, as it
offers cost reduction through more efficient
use of materials.

This article will consider an analysis of
the current state of the economy of the agro-
industrial complex of Kazakhstan in the con-
text of the circular and climate economy. We
will analyze the main ideas and facts from
several research papers to present a com-
plete and unique picture of the current situa-
tion and potential of the circular economy in
the livestock sub-sector of Kazakhstan.

The research has its own conceptual ba-
sis; the research results are presented within
the framework of a scientific grant funding
project, which allows us to substantiate in
more detail recommendations on the possibili-
ties of introducing a circular economy in the
agro-industrial complex of Kazakhstan.

Literature Review

In the course of the research, scientific
works of domestic and foreign scientists were
studied, in particular, the principles of circular

economy are considered as the development
of products for ease of recycling and reuse.
Global climate changes reflect on the overall
production development, greatly affecting the
agricultural economy, accordingly, questions
arise about the impact of the circular economy
on climate changes.

The transition to sustainable economic
models in Kazakhstan's agriculture em-
phasizes the importance of circular economy
principles, which promote increased energy
efficiency and reduced environmental impact
(Shcherbakova A.S.) [1]. Analysis of the expe-
rience of transitioning to a circular economy in
other countries demonstrates that this ap-
proach can significantly enhance the econo-
my's resilience to climate changes (Circular

Economy: Waste-to-Resource ...; Aleksan-
drova V.D., Abramova O.A.; Aleksandrova
Vv.D)[2, 3,4].

European experience in implementing
circular agriculture shows potential for crea-
ting sustainable agri-food systems, which can
be adapted in Kazakhstan (Akimova Yu.A.)
[5]. Global climate changes pose significant
challenges to the agricultural system, requi-
ring adaptations to new conditions to ensure
food security (Riccardo V.) [6]. Observed
changes in the concentrations of greenhouse
gases in the atmosphere underscore the need
for rapid actions to minimize their impact
on agriculture (WMO Greenhouse Gas
Bulletin...) [7].

Information on the development of
"green” economy was reflected in the Decree
of the President of the Republic of Kazakh-
stan and the Decree of the Government of the
Republic of Kazakhstan and Decree of the
Government of the Republic of Kazakhstan
"On approval of the Action Plan for the imple-
mentation of the Concept for the transition of
the Republic of Kazakhstan to a “green”
economy for 2021-2030" [8,9]. For the analy-
sis of the state of the agro-industrial complex
of Kazakhstan, the Decree of the Government
of the Republic of Kazakhstan "On approval of
the Concept for the development of the agro-
industrial complex of the Republic of Kazakh-
stan for 2021 - 2030" was considered [10].

Additionally, the study on the impact of
climate changes on the crop yields in Kazakh-
stan highlights the need for developing adap-
tation strategies (Wang D., LiR., Gao G. et al.)
[11]. Research also points to the spatial and
temporal variations in climate and their effects
on wheat and barley yields in Kazakhstan,
confirming the complexity of climate factors'
impact on the agro-industrial complex (Schier-
horn F., Hofmann M., Adrian I. et al.) [12].
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This literature review more compre-
hensively reflects the multitude of aspects re-
lated to the circular economy and climate
changes, their impact on agriculture, and pos-
sible ways to adapt to new conditions.

A literature review on the topic of the sci-
entific article made it possible to determine
the interaction of climate change with the ag-
ricultural sector of Kazakhstan, including the
impact on crop yields, health and productivity
of livestock, as well as the availability of water
and soil resources. At the same time, the
analysis of scientific research, reports and
data related to climate change and its impact
on agriculture contributes to a more detailed
study of this problem in the future in the con-
text of modern trends in the development of
agribusiness.

Materials and methods

The theoretical and methodological basis
of the scientific article consists of a system
analysis of the circular economy in livestock
farming, the theoretical foundations of the
categories of a closed system, taking into ac-
count the factors of climate economics and
measures to manage and regulate agribu-
siness in the context of circular principles.

The scientific article used the works of
domestic and foreign academic economists
who dealt with issues of the circular economy
in agriculture, the formation and management
of a closed production system in livestock
farming, as well as issues of managing
technological processes in the country's
agribusiness.

The authors of the study used theoretical
research methods, namely, an analysis of the
principles of the circular economy and its im-
pact on climate change was carried out, and
the connection between them was identified
through the inductive method. For a clearer
example, statistical analysis and graphical

interpretation of the information were carried
out. A comparative analysis of linear and cy-
clical economic models was carried out, and
comparison with the experience of other coun-
tries helped to identify the best practices for
agriculture in Kazakhstan.

The information base for the study was
information and analytical materials of the
Ministry of Agriculture of the Republic of Ka-
zakhstan, scientific articles and reports pub-
lished in the open press and Internet re-
sources and materials of various seminars,
conferences, forums, monographs and other
works of domestic and foreign scientists and
research institutes.

Results

The circular economy contributes to im-
proved health by reducing the negative impact
on the environment, more effective resource
management, and increasing food safety.
Transitioning to a closed economic system is
a key element in achieving Sustainable De-
velopment Goal 12 (SDG), associated with
responsible consumption and production
(Shcherbakova A.S.) [1].

The research results of the Ellen MacAr-
thur Foundation have generated interest from
government bodies and organizations. Ac-
cording to the 2015 report, transitioning to a
circular economy could lead to the creation of
10 000 new jobs and reduce waste by 100
million tons (Circular Economy: Waste-to-
Resource...) [2]. According to some scientists'
forecasts, implementing closed loops in the
economy of various sectors could increase
the global GDP by up to 7% per year (Ale-
ksandrova V.D., Abramova O.A.; Aleksan-
drova V.D.) [3; 4]. The main calculations to
determine the GDP growth potential of agri-
culture, forestry and fisheries for the period
2019-2022 are presented in table 1.

Table 1 - Analysis of the GDP growth potential of agriculture, forestry and fisheries based on

2019-2022
Year GDP, million tenge Growth rate | Potential, million tenge | Difference, million tenge
2019 3 105 560,7 121,28% 3295 782,91 190 222,21
2020 3808 889,1 129,65% 4 026 359,45 217 470,35
2021 4222 766,5 117,87% 4 489 537,60 266 771,10
2022 5444 727,3 135,94% 5 740 428,78 295 701,48
2023 5109 629,8 100,84% 5490 463,00 380 833,20
Note: compiled by the authors based on data from stat.gov.kz

The development of circular agriculture
requires collaboration between farmers, or-
ganizations, citizens, scientists, and govern-
ment bodies, taking into account the integra-
tion of environmental principles, modern tech-

nologies, new economic models, partnerships,
and social services.

Akimova Yu.A. [5] highlights the success-
ful model proposed by Johan Sanders for a
Dutch region as an example where production
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cycles are organically interconnected beyond
individual farms. To implement new sustaina-
ble production methods within the circular
model, a series of pilot projects aimed at de-
veloping agriculture at the level of regional
farms were identified:

* agro-Innovatieregio Achterhoek (closing
the nutrient cycle, improving soil quality, inno-
vation);

* agro-Proeftuin de Peel (manure, sowing
techniques, climate);

* noord-Nederland (natural farming, land-
scape, nutrient cycling, emission reduction,
rural viability);

* CAP-pilot Akkerbouw Flevoland (preci-
sion farming, soil quality);

* mineral Valley Twente Twickel (farm self-
sufficiency, fertilization, soil and water quality,
regional food chain, added value of biomass).

The circular economy views waste as an
opportunity to create new values and reduce
the negative impact on the environment.
Global climate change, on the other hand, is
associated with the growing concentration of
greenhouse gases in the atmosphere, pri-
marily caused by human activities such as the
burning of fossil fuels, land processing, and
deforestation. Global climate change nega-
tively affects agriculture. Changes in tempera-
tures, precipitation patterns, and extreme
weather events such as droughts and floods
can negatively impact crops, livestock, and
the overall productivity of agricultural systems.

Agriculture and global climate change are
undoubtedly interconnected. The agricultural
sector plays a crucial role both in contributing
to and being affected by climate change. It is
extremely important to understand this interre-
lationship and take necessary measures to
address the issues it presents.

On one hand, agriculture contributes to
climate change through the emissions of
greenhouse gases. The use of synthetic ferti-
lizers, livestock, and changes in land use re-
lease significant amounts of carbon dioxide
(CO2), methane (CH4), and nitrous oxide
(N20) into the atmosphere.

Concentrations of greenhouse gases in
the atmosphere are at their highest level in
the last 800 million years. Current CO2 levels
have risen by 30% from 280 ppm (0.028%) in
pre-industrial times to 401 ppm (0.0401%) by
2015 and continue to rise. Current CH4 levels
are 2000 ppm (0.2%), nearly three times their
pre-industrial level of 700 ppm (0.07%). The
concentration of N20O reached 327 ppb in
2014 compared to 280 ppb in pre-industrial
times (Riccardo V) [6]. A graphic interpretation

of the above material is presented in figure 1,
which was compiled on the basis of source 7.

Figure 1 shows that emissions decrease
during major crises when global production
processes were halted, positively affecting the
environment, and this is just the effect of car-
bon dioxide. The circular economy can play a
significant role in reducing greenhouse gas
emissions and adapting to climate change.
For example, by increasing energy efficiency,
transitioning to renewable energy sources,
improving resource use efficiency, and devel-
oping green technologies. Recycling waste
and recovering materials can also reduce the
need for extracting new resources, leading to
lower greenhouse gas emissions, ultimately
reducing the pace of global warming and posi-
tively affecting agriculture.

The relationship between the livestock
sub-sector of agriculture and global climate
change is undeniable. Recognizing this rela-
tionship and implementing sustainable prac-
tices is crucial for reducing greenhouse gas
emissions, increasing agriculture's resilience,
and ensuring food security in the face of cli-
mate change.

Agriculture today actively discusses the
prospective direction of sustainable develop-
ment. It is based on the implementation of in-
novative methods and technologies aimed at
optimizing the expenditure of limited re-
sources. These methods stimulate the re-
placement of non-renewable resources with
renewable ones, prevent losses, and facilitate
their reuse and recycling. For example, transi-
tioning to renewable energy by 2050 is ex-
pected to reduce CO2 emissions by 80%, in-
crease the share of renewable energy
sources to 57%, and further increase energy
production efficiency. Such an approach en-
sures a quality transition from production effi-
ciency to resource use efficiency.

It is important to note that the concept of
a circular economy does not contradict the
fundamental principles of agriculture. On the
contrary, due to the specificity of this industry,
it has all the possibilities for successful im-
plementation. For example, traditional live-
stock waste containing nutrients (nitrogen,
phosphorus, potassium) can be used as ferti-
lizers to improve soil quality. Organic waste
from crop and livestock production can be di-
rected towards the production of clean energy
using biogas plants, which are a cheaper and
more environmentally friendly option for ener-
gy production than coal-fired power plants of
similar volumes.
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Gas Bulletin...) [7].

Figure 1 - Global CO2 versus fossil fuel emissions

One of the key ideas of the circular eco-
nomy is to transition from a linear model of
consumption and production, where resources
are used once and then become waste, to a
model based on recycling and reusing waste.
This not only reduces the negative impact
on the environment but also creates new
opportunities for business development and
innovation.

In Kazakhstan's agro-industrial complex,
the circular economy can play a significant
role in waste management and enhancing re-
source use efficiency. For example, recycling
agricultural waste as fertilizers or biogas can
help reduce the environmental impact and
create additional income sources for farmers.
Furthermore, using renewable energy
sources, such as solar and wind energy, can
help reduce dependence on fossil fuels and
decrease greenhouse gas emissions.

One of the main problems identified in the
article is the low efficiency of resource use in
Kazakhstan's agro-industrial sector. In particu-
lar, a large amount of agricultural waste is not
fully utilized and becomes a source of envi-
ronmental pollution.

According to the Decree of the First Pre-
sident of the Republic of Kazakhstan dated
May 30, 2013 No. 577 [8], providing for the
country’s transition to a “green” economy, it is
planned to achieve a 40% level of waste re-
cycling by 2030. The action plan for its
implementation is reflected in the Decree of

the Government of the Republic of Kazakh-
stan “On approval of the Action Plan for the
implementation of the Concept for the transi-
tion of the Republic of Kazakhstan to a
“green” economy for 2021-2030” [9], aimed at
implementing this concept, includes a number
of specific steps:

- implementing modern methods in or-
ganic agriculture: This step involves using the
latest farming methods to increase productivi-
ty levels and reduce environmental impact;

- organizing separate waste collection in
settlements: An efficient system of separate
waste collection in cities and rural settlements
will contribute to more effective recycling;

- constructing biogas plants at sewage
and poultry plants: Establishing biogas facili-
ties at wastewater treatment plants and poul-
try farms will allow the use of organic waste
for biogas production, which is a clean source
of energy;

- developing the recycling of organic
waste with biogas production: Enhanced pro-
cessing of organic materials using modern
technologies will allow for the production of
more biogas, which can be used as an alter-
native fuel;

- transitioning to high-value agricultural
crops with lower water consumption: refocus-
ing on more valuable and less water-intensive
agricultural crops will optimize the use of wa-
ter resources and increase the profitability of
agriculture.
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These steps are aimed at achieving the
goal of transitioning to a sustainable, efficient,
and environmentally safe waste manage-
ment system in Kazakhstan's agro-industrial
complex.

From 2018 to 2020, food production in Ka-
zakhstan increased from 1 527.7 billion tenge to
1 957.2 billion tenge. The average growth rate
for this period was 100.9%. The physical vo-
lume index reached 103.2% in 2020.

As of January 1, 2021, there are 1 168
enterprises operating in various sectors, such
as grain processing (248), meat processing
(172), oil and fat production (68), fruit and
vegetable processing (36), dairy processing
(172), cereal factories (59), pasta enterprises
(40), confectioneries (40), bakeries (305), fish

100,00%
90,00%
80,00%
70,00%
60,00%
50,00% +4.9% +4.2%
40,00% '
30,00%
20,00%
10,00%
0,00% Crops Oilseeds
=2018 33,80% 36%
=2020 38% 40,20%

processing (25), sugar factories (4), deep
grain processing (3), and others.

An analysis of the current situation of the
agro-industrial complex presented in the Con-
cept for the development of the agro-industrial
complex of the Republic of Kazakhstan for
2021-2030 indicates that during the ongoing
reforms there was a decrease in the influx of
capital into the rural economy, production vol-
umes decreased, the living standards of the
rural population sharply fell, and social tension
in rural areas increased (Decree of the Gov-
ernment of the Republic of Kazakhstan "On
approval of the Concept...) [10]. An analysis
of individual indicators of agricultural devel-
opment is presented in figure 2.

+2%

+4,6%

-0.5%
Sugar beet Milk Meat
87% 31,20% 32,90%
89% 35,80% 32,40%

m2018 m2020

Note: compiled by the author based on source Decree of the Government of the Republic of
Kazakhstan "On approval of the Concept for the development of the agro-industrial complex of the
Republic of Kazakhstan for 2021 - 2030" (Decree of the Government of the Republic of Kazakhstan "On

approval of the Concept...) [10].

Figure 2 - The share of processing of various agricultural products in 2020

Investments in fixed capital in food pro-
duction in 2020 amounted to 109 billion tenge,
while in 2018, this figure was higher at 125.7
billion tenge. During the specified period, 49
new enterprises for processing agricultural
products were put into operation, including oil
mills, fruit and vegetable processing plants,
dairy enterprises, meat processing enterpri-
ses, rice mills, confectionery production, cere-
al, flour milling, pasta factories and deep grain
processing.

Overall, in the field of agricultural product
processing, there is potential to double pro-
duction volumes using existing capacities.

The impact of climate change on the yield
of agricultural crops in Kazakhstan from 2020
to 2023 was the subject of detailed study, fo-
cusing on major crops such as wheat, barley,
and potatoes. The study indicates an ambigu-
ous response of crop yields to changing
climatic conditions in different regions of
Kazakhstan:

Increase in vyield in certain regions.
Across Kazakhstan, there is a trend towards
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an increase in wind speed and potato yield.
Additionally, in the southeast of the country,
the yield of barley and wheat has increased.
These changes suggest that certain climatic
shifts have had a beneficial effect on the yield
of agricultural crops in specific areas (Wang
D., LiR., Gao G. et al.) [11].

Spatial differences in climate impact. Cli-
mate change has caused significant spatial
differences in its impact on the yield of wheat
and barley. For instance, observed climate
changes led to a decrease in wheat and bar-
ley yields by 1.9% and 4.8%, respectively, in
the main grain-producing region in western
Kazakhstan. However, these negative impacts
were partially offset by positive effects in the
eastern region of North Kazakhstan (Schi-
erhorn F., Hofmann M., Adrian I. et al.) [12].

Projected yield losses under various sce-
narios: the study predicted the impact of dif-
ferent Representative Concentration Pathway
(RCP) scenarios on wheat yield, highlighting
the vulnerability of the arid steppe zone to in-
creased greenhouse gas emissions. Results

showed a potential loss of more than 10% of
the wheat yield in the arid steppe zone, 7.6%
in the slightly hilly zone, and 7.5% in the for-
est-steppe zone under the RCP 8.5 scenario
without technological modernization and ge-
netic modification (Teleubay Z., Yermekov F.,
Rustembaye A. et al.) [13].

The impact of climate change on the yield
of agricultural crops in Kazakhstan varies
across different regions: in some areas, yields
increase, while in others, they decrease. The-
se changes, in turn, affect the yield of fodder
crops, which will subsequently impact live-
stock in the regions. Adaptation strategies,
including the development of drought-resistant
crop varieties and improvement of irrigation
methods, are crucial for mitigating the adverse
effects and ensuring food security in the con-
text of ongoing climate change. In general, a
description of this process is presented in
figure 3, which was studied based on the
source (Godde C.M., Mason D.D., Mayberry
D.E. et al.) [14].

Changes in mean climate trends, overall variability and extreme events

* Atmospheric CO,
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+ Temperature
* Precipitation, storm surges, sea level rise

Feed and Water quantity
2.5] - > -
Water RiguriZa| and quality [2.1.2]
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() pollinators[2.1.1.4]
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% 6 revenues and costs
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Note: the impact of climate change on the livestock food supply chain and concludes the evidence
review (Godde C.M., Mason D.D., Mayberry D.E. et al.) [14].

Figure 3 - Potential Impact of Climate-Related Hazards on the Supply Chain

of Terrestrial Livestock Products
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Provided figure 3 is a conceptual diagram
illustrating various factors in the livestock
product supply chain affected by climate
change. Here is an analysis of the scheme:

m hazards: the diagram identifies hazards
related to climate change, including increased
atmospheric CO2 levels, tropospheric O3,
changes in temperature, precipitation, storm
surges, and sea-level rise;

m feed and water resources: these
resources are directly affected by climate
hazards, which in turn impact the availability
of feed and water in terms of quantity, quality,
and related costs;

m animal health and production: changes
in feed and water resources, as well as the
direct impact of the climate, such as heat
stress, affect animal health. This impacts
overall livestock production, including both the
physical volume of products and financial
aspects such as revenues and costs;

m processing, storage, transportation,
retail: the diagram shows that these post-
production processes are affected by the
availability and cost of labor, which is also
influenced by climate impacts. Capital
accumulation, services, trade, and incomes in
these areas may fluctuate due to climate
changes at the primary production stage;

m consumption: the quality of the final
product, including quantity, nutritional value,
safety, taste appeal, price, and social
acceptability, ultimately depends on changes
in the supply chain;

m potential impact on capitals: overall, the
consequences of climate change can
potentially affect human, social, natural,
physical, and financial capitals, encompassing
a broader socio-economic context;

m feedback loops: the diagram also
shows feedback loops where changes in one
component of the system can affect other
components, highlighting the interconnected
nature of the supply chain;

m labor: labor is a recurring factor in the
diagram, indicating its central role at every
stage of the supply chain and how it is
affected by various other factors.

The figure effectively reflects the
complexity of the livestock supply chain and
the multifaceted consequences of climate
change. It demonstrates the need for a
comprehensive approach to addressing
climate change-related issues at all stages of
livestock production and supply.

From the analysis of the Decree of the
Government of the Republic of Kazakhstan
"On approval of the Comprehensive Action
Plan for the development of processing of ag-

ricultural products and the food industry for
2024-2028"», key aspects were highlighted
(Decree of the Government of the Republic of
Kazakhstan "On approval of the Compre-
hensive Action Plan for the development of
processing....) [15]:

- Kazakhstan aims to become a regional
hub for the production and processing of or-
ganic and halal products with potential mar-
kets in China, Siberia, and eastern Russia;

- the government has approved a
comprehensive plan for the development of
agricultural product processing and the food
industry for 2024-2028, which includes
measures for state stimulation and support of
agricultural  product and raw material
processing through subsidies and incentives;

- the plan includes measures to improve
milk quality, focusing on reducing the number
of somatic cells and subsidizing milk used for
producing dairy products for children;

- the necessity of programs to promote
the consumption of dairy products, especially
among children, as well as the development
of information campaigns and scientific
research illustrating the benefits of milk and
dairy products, is recognized.

These aspects underline the focus on
developing and promoting the agricultural and
food industry in Kazakhstan, as well as
measures taken to improve product quality
and stimulate consumption.

The article suggests implementing
modern waste processing technologies, such
as biogas plants and composting, to increase
resource use efficiency and reduce the
negative impact on the environment.
Furthermore, the article notes the great
potential for using renewable energy sources
in Kazakhstan's agro-industrial sector. Solar
and wind energy can be used to power farms
and generate energy for rural settlements,
helping to reduce dependence on fossil fuels
and decrease greenhouse gas emissions.

An analysis of the Environmental Code
and other legislative acts of the Republic of
Kazakhstan shows that most regulatory
provisions and country support measures in
the waste management sector are directed at
managing existing waste, leaving under-
developed mechanisms for waste prevention.
This leads to a misalignment of waste
management hierarchy priorities.

Developed countries have made signifi-
cant progress in ensuring food security, acti-
vely encouraging the modernization of machi-
nery and technologies in the processing sec-
tor. In Russia, the development strategy for
the processing industry includes supporting
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the production of agricultural raw materials,
modernizing, and expanding production capa-
cities through technical re-equipment and
construction based on innovative technologies
and energy-saving equipment. There is also
encouragement for cooperation between
agricultural producers and processors.

In the European Union, producers and
processors of agricultural raw materials, as
well as other participants in the development
of rural areas, can take advantage of favor-
able loans or guarantees to cover operational
expenses, offered under very favorable condi-
tions, such as low-interest rates or flexible
payment schedules.

Some European coun-tries, including the
Netherlands, already apply circular economy
measurement systems based on ten blocks of
indicators. These blocks allow for the assess-
ment of various aspects of the circular eco-
nomy, such as re-source usage, energy effici-
ency, material recovery, and others. The app-
lication of such systems enables a more com-
prehensive as-sessment of the state and effi-
ciency of the circular economy and the adop-
tion of corres-ponding measures and policies.

In the USA, measures are being taken to
encourage private companies to invest in in-
novation and develop competencies in the ag-
ricultural sector. This is achieved through the
introduction and widespread use of scientific
developments based on new technologies
aimed at increasing labor productivity.

Globally, strengthening sustainable long-
term relationships between producers of agri-
cultural raw materials, processing enterprises,
and trading companies is becoming important,
which is considered a key factor for increasing
productivity and the value of products.

Kazakhstan, with its vast land resources
and diverse agriculture, faces a serious chal-
lenge in the form of climate change. Global
changes in weather conditions and the world's
climate have a direct impact on the country's
agro-industrial complex (AIC).

Circular economy strategies in agriculture
can provide indicators capable of assessing
the level of production impact on the envi-
ronmental situation, forecasting social as-
pects, awareness levels, and the energy ef-
ficiency of products (Nurmukhametov N.N.,
Nurtaeva Zh.Sh., Talapbaeva G.E.) [16].

Threats to the AIC Economy:

e climate change may lead to reduced
yields of major agricultural crops such as
wheat, barley, and cotton. This threatens the
country's food security and export capabilities;

e variability in precipitation and the in-
crease in the number of floods can lead to soil
erosion and loss of fertility, reducing the area
under cultivation and decreasing yields;

e some types of agricultural crops may
become unsustainable in new climate condi-
tions, requiring farmers to shift to new types,
complicating the adaptation of the agricultural
sector.

The analysis of the above information al-
lows us to conclude that there is significant
potential for the development of the circular
economy in Kazakhstan's agro-industrial
complex. Implementing circular economy
principles can contribute to more efficient re-
source use, increased energy efficiency, and
reduced negative environmental impact,
which is critical for Kazakhstan's AIC.

One of the main aspects to consider
when developing a circular economy strategy
in Kazakhstan's agro-industrial sector is the
creation of the appropriate infrastructure for
processing and utilizing agricultural waste.
Implementing modern processing and dispo-
sal technologies will reduce the negative im-
pact on the environment and create new op-
portunities for using waste in production pro-
cesses. For a more detailed analysis of the
potential for biogas production in Kazakhstan,
we examined the works of domestic econo-
mists (Orazbekov E., 2020) and the general
statistical analysis is presented in table 2.

Table 2 - Biogas production potential in Kazakhstan

Biogas Total livestock Biomass Total biomass | Biogas produced | Total production of

source (thousands of | (tonnes/year | (thousands of from 1 kg biogas
heads) per unit) tons/year) biomass (m3) (million m3 / year)
Food waste - - 1 400,00 0,09 126,00
Cattle 7 436,40 8,00 59 491,20 0,04 2 379,65
Horses 2 852,30 7,00 19 966,10 0,04 798,64
Sheep, goat 19 155,70 1,00 19 155,70 0,06 1149,34
Pigs 813,30 2,00 1 626,60 0,06 97,60
Poultry 45 000,00 0,06 2 790,00 0,07 195,30
Summary: 4 746,53

Note: compiled from the source (Orazbekov E.) [17].
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The energy produced in Biogas Plants
(BPs) is renewable and complies with legisla-
tion on the use of renewable energy sources.
In Kazakhstan, there are a number of small
BPs operating on auxiliary sites to meet the
needs of their own farms. In some cases, the-
se are homemade installations not equipped
with necessary controls for gas leaks and ex-
plosion prevention.

Currently, the market offers various modi-
fications of BPs designed for both small and
large sources of biodegradable waste, includ-
ing the appropriate equipment for raw material
preparation, energy cogeneration, and subse-
guent digestate processing.

Additionally, attention should be paid to
the education and awareness of workers in
the agro-industrial sector about the principles
of circular economy. Training and raising
awareness will help create a favorable
environment for the introd uction of new
approaches and technologies, as well as
promote innovation and improve production
efficiency.

Climate changes have a significant im-
pact on agriculture, including abnormal
weather conditions, lack or excess of precipi-
tation, temperature fluctuations, rising
groundwater levels, and loss of lands. To pre-
vent climate impact on agriculture, the follow-
ing solutions should be considered:

* agriculture adaptation to climate
change: modern farmers need to adjust work-
ing methods considering climate characteris-
tics, production potential and needs, availabil-
ity, and profitability of chosen methods. There
are several adaptation strategies, such as
precision farming, creating environmentally
safe drainage systems, improving irrigation
efficiency, and using adaptive crops;

* software opportunities, such as EOSDA
Crop Monitoring: this software provides farm-
ers with tools for accounting for climate condi-
tions and conducting precision farming, allow-
ing to reduce production costs while maintain-
ing high yields and minimizing environmental
impact.

These solutions emphasize the im-
portance of adapting agriculture to climate
changes and the role of specialized software
in this process.

Discussion

Academic research widely discusses real
models of implementing closed loops and the
application of circular technologies in the pro-
duction processes of organizations. The Ellen
MacArthur Foundation, established in 2010,
plays a key role in merging theoretical con-
cepts of the circular economy and their practi-

cal adaptation in the modern world. The de-
velopments of this Foundation are applied in
various countries and are aimed at a new
format of organizational operations, where the
concept of "user,” not "consumer,” is central.
In this model, the productivity of a product be-
comes a key factor for all participants in the
production cycle.

Currently, the market offers various modi-
fications of BPs designed for both small and
large sources of biodegradable waste, includ-
ing the appropriate equipment for raw material
preparation, energy cogeneration, and subse-
guent digestate processing.

Additionally, attention should be paid to
the education and awareness of workers in
the agro-industrial sector about the principles
of circular economy. Training and raising
awareness will help create a favorable envi-
ronment for the introd uction of new appro-
aches and technologies, as well as promote
innovation and improve production efficiency.

For Kazakhstan, it is important to develop
its own circular economy measurement sys-
tem that considers the country's specific fea-
tures and needs. This will allow for a more
accurate assessment of the development of
the circular economy and the development of
effective policies to promote it.

Conclusions

The analysis of the current state of
Kazakhstan's agro-industrial complex econo-
my under circular and climate economy condi-
tions reveals significant potential for develop-
ing a sustainable agro-industrial sector.
Implementing circular economy principles
can contribute to efficient resource use,
reduce the negative impact on the envi-
ronment, and create new opportunities for
business and innovation in Kazakhstan's
agro-industrial sector.

Recommendations:

1. Political and Regulatory Support: the
need for supportive policy and regulations that
encourage the implementation of circular
economy practices in the livestock sector.
This includes incentives for sustainable prac-
tices, investments in research and develop-
ment, and creating markets for processed
products.

2. Infrastructure Development: emphasi-
zing the importance of developing infrastruc-
ture for waste processing and resource re-
covery. This includes facilities for processing
livestock waste into bioenergy, organic ferti-
lizers, and other value-added products.

3. Technological Innovations: encoura-
ging investment in innovative technologies
that promote circular economy practices, such
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as precision agriculture, sustainable feed pro-
duction, and water-saving technologies.

4. Capacity Building and Awareness
Raising: highlighting the importance of educa-
tional initiatives and capacity building to raise
awareness among farmers, businesses, and
policymakers about the benefits of circular
economy practices.

5. Collaboration and Partnership: the
document calls for expanding cooperation be-
tween the government, the private sector, sci-
entific institutions, and international organiza-
tions to share knowledge, resources, and best
practices of circular economy in livestock.

Transitioning to a waste-free economy in
Kazakhstan's livestock sector is not only a
necessity in the face of climate change but
also an opportunity to promote sustainable
development, enhance economic resilience,
and ensure food security. Although there are
significant challenges to overcome, the poten-
tial benefits justify the need for concerted ef-
forts from all stakeholders. With political sup-
port, technological innovations, infrastructure
development, and collaborative initiatives, Ka-
zakhstan can become a leader in sustainable
livestock management in Central Asia and
contribute to global efforts to combat climate
change.
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