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Abstract. Research Objective — to determine the ecological and economic prerequisites, prospects,
and constraining factors of biogas production from dairy farming waste in Kazakhstan. Methods —
content analysis of publications on this topic was used to systematize modern views on anaerobic
digestion technologies and application directions for products derived from gaseous biofuels; the
principle of comparison and synthesis — when comparing indicators of milk production, organic
biological residue formation, and assessing opportunities for using them as a resource base for
bioenergy gas production, summarizing the environmental and economic benefits of manure
processing at dairy farms; summation of results — to substantiate vectors for the dissemination
of biogas systems in the context of transition to a circular economy. Results — it was revealed that
the potential volume of waste materials depends not only on cattle population, but also on the
structure of the dairy herd, specifics of production process organization, and methods of manure
removal and storage. It is noted that livestock numbers by categories of economic entities are of
significant importance for characterizing animal housing and breeding. It is shown that households
and peasant (farm) holdings predominate in the structure of the livestock sector, accounting for
almost 90 % of total cattle numbers, which complicates the collection and transportation of manure
substrate and reduces the efficiency of its centralized processing. It is established that due to
territorial heterogeneity in dairy farming development, the potential for ecofuel generation in the
republic should be considered differentially. Based on the obtained results, conclusions were drawn
regarding the current state and prerequisites for constructing a circular model of agricultural
production, enabling optimal resource consumption, generation of additional profit, and reduction
of environmental burden.
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AnpaTtna. 3epTtTeyain makcamsl — KasakcTaHga cyT man wapyaulbibiFbl KanablKTapblHaH 6uoras
OHAIPYAIH 3KONMOrMANbIK-9KOHOMUKAIbIK anfbillapTTapbiH, KeJeLleriH XxoHe 6ereyuwi ¢pakTtopnapbiH
ankKbiHAay. DaicTepi — ocbl Macerne 60MbIHLWA XapuUANaHbIMAAPAbIH KOHTEHT-Tangaybl aHa3poo6Thl
awy TexHomnorusnapbl MeH ras Topi3gec OMOOTbLIH OHiMAepiH KonpaHy OarbiTTapbl Typanbl
3amMaHaym TYCiHiKTepAi XXynerney ywiH nanganaHbinigbl; canbICTbIPY XXoHe CUHTe3 KaFupaTbl — CYT
OHAipYy, opraHukKanblK OuonorusanblK KanablKTapAbliH Ty3iny KepceTKilWTepiH canbICTbIPy XaHe
onapAbl 6MO3HepreTUKanbIK ras WhbiFapy YWiH pecypcTbik 6a3a peTiHAe nanaanaHy MyMKiHOIKTepiH
Garanay, cyT-Tayapnbl chepmanapaa Kuabl Kauta eHOeyAiH 3KONOrusnbIK XKoHe 3KOHOMMKarbIK
apTbIKWbINbIKTapPbIH KOPbITY Ke3iHAE; KOPbITbIHAbIIApAbl XKUHAaKTay — LIUPKYISPIIbIK 3KOHOMUKara
oTy XafFgaublHAa Ouoras XywenepiH TapaTy BeKTOpriapblH Herisgey YwiH. Hamuxenepi —
nanganaHbliFaH mMaTtepuanpapgblH aneyetti kenemi IKM 6acbiHaH faHa emMec, COHbIMEH Oipre
CYT TaOblHbIHbIH KypbUibIMbIHA, ©HAIPICTIK nNpouecTi yMbIMAOacTbIPy epeKwenikrepiHe, Ku
MaccachbliH O XdHe caKray TaciniHe 6ainaHbICTbl eKeHi aHbiKkTangbl. WapyalbinbIK Xypri3yLi
cyO6beKkTinepaiH caHaTTapbl OoMbiHWAa Man O6acbiHbIH CaHbl XaHyapnapabl 6ary MeH ecipyai
cunatrTay VYWiH epayip MaHbi3fa uMe eKeHi atan eoTinegi. Man wapyawbibiFbl canacbiHbIH
KYPbINbIMbIHAA XarblK LWapyawbibIKTapbl MeH wapya (depmep) koxanblKTapbl O6acbiM eKeHi
KepceTingi, onapablH yneciHe ipi kapa ManabiH Xannbl caHbiHbIH 90%-Fa Xybifbl kKeneai, oyn Ku
cyb6cTpaThiH XUHayAbl Xo9He TacbiMangayAbl KUblHAATaAbl api OHbl OpTanbIKTaHAbIPbIUIFaH KanuTa
eHAaey TuimAainiriH TemeHaetei. CyT man wapyawbibiFblH AaMbITYAbIH, ayMaKTbIK 9pKenKiniriHi
6onyblHa OannaHbICTbl pecnybnukaga 3KOOTbIH FreHepauusnay aneyeTiH capanan KapacTbipFaH
YXOH eKkeHi 6enrineHai. ANbIHFaH HATWXKeNep Heri3iHAe pecypcTapAbl OHTaNbl TYTbIHYAbI, KOCbIMLIA
nanga anygbl XXKoHe 3KONOrusasblK XYKTeMeHi asanTtyAbl KamTamacbl3 eTyre MyMKiHAiK 6epeTiH
arpapnblK ©HAIPICTiH LUMPKyNApnblK MoAeniH KypyAblH Ka3ipri an-kyni MeH anfbillapTrapbl
Typarnbl KOPbITbIHAbINIAP Xacangbl.

AHHoTaumsa. Llenb wccnepaoBaHUMss — onpeaenuTb  3KONMOro-3KOHOMMUYECKUe NpennocbIsKy,
nepcnekTuBbl U caepXxuBawwme akTopbl NPOU3BOACTBa Ouoraza U3 OTXOAOB MOJIOYHOIO
*uBoTHoBopAcTBa B KazaxcTtaHe. MeToAbl — KOHTEHT-aHaN13 NyonukawuM no gaHHOM NpoobrieMaTuke
Mcnonb3oBaH ANl cCUcTeMaTusauum COBPeMEHHbIX NpeAcTaBNeHUn O TEXHOMOrMAX aHa3poGHoro
cOpaxnBaHUA U HanNpaBreHUAX NPUMEHeHUs NPOAYKTOB M3 ra30o06pa3HOro GMoTonnMBa; NPUHLMN
CpaBHEHUSI U CUHTEe3a — MpPU COMOCTaBJIEHMM MNoOKa3aTenen BbIPabOTKM MOJIOKa, obpa3oBaHuA
OpraHMYeckux OUONIOrMYECKUX OCTaTKOB W OLEHKA BO3MOXHOCTEN UX 3aAelCcTBOBaHMUSA
KaKk pecypcHou 6a3bl ANA BbiNycka OMO3HEpPreTUYecKoro rasa, OOGOOLUEHUMU IKOJTOrMYECKUX
M IKOHOMUYECKMX TMpPENMyLLeCTB MepepaboTKM HaBOo3a Ha MOJIOYHO-TOBapHbIX depmax;
CyMMUpPOBaHWe UTOrOB — ANl 060CHOBaHUSA BEKTOPOB pacnpocTpaHeHUs 6Mora3oBbIX CUCTEM B
ycnoBusX nepexoga K LIMPKYNAPHOA 3KOHOMMUKe. Pe3ynbTaTbl — BbISIBNIEHO, YTO NMOTEHLUMANbHbIN
o6beM oTpaboTaHHbLIX MaTepuanoB 3aBUCUT He ToNbKOo OT noronoBbsA KPC, HO M CTPYKTypbl
MOJIOYHOIO CTaAa, 0cO6EeHHOCTeN opraHM3aumMmn Npou3BoACTBEHHOrO NpoLecca, cnocoba yaaneHus
M XpaHeHusi HaBO3HOW Maccbl. OTMevaeTcs, YTO YUCNEHHOCTb CKOTa MO KaTeropusiM cyG6bLeKkToB
XO35IICTBOBaHUS UMeeT CyLLeCTBEHHOE 3HaYeHUe AJ1A XapaKTepPUCTUKU CoAepKaHus U pa3BeAeHUA
XKUBOTHbIX. [lOKa3aHo, YTO B CTPYKType XMBOTHOBOAYECKOW OTpacriv npeobGragalrT XO3AMCTBA
HacerneHuA 1 KpecTbsiHCKue (hepmepckne) xo3anmcTBa, Ha JOJ0 KOTOPbIX Npuxoautca novtu 90%
o6Lero KonM4yecTBa KPYNnHOro poratoro CKoTa, YTo YyCroXHsieT c60p U TpaHCNOPTUPOBKY HABO3HOIO
cy6cTpaTta u cHumxaeT 3hPeKTUBHOCTb €ro LieHTPan1M3oBaHHOM nNepepaboTku. YCTaHOBJIEHO, YTO
noTeHUMan reHepauuu 3KOToNNMBa B pecnyb6nnke B CBA3M C CyLeCTBOBaHWEM TeppPUTOpUarbHOM
HEO4HOPOAHOCTU pPas3BUTUA MOJIOYHOIO >XMUBOTHOBOACTBa LeNiecoobpa3HO paccmaTpuBaTb
anddepeHumpoBaHo. Ha ocHoBe MoOMy4YeHHbIX pe3ynbTaToOB cAenaHbl BbiBOAbl O TEKYLIEM
COCTOSIHUM M Npeanochbifikax MNOCTPOEHUS LUMPKYNAPHOW MoAenu arpapHoro npousBOACTBa,
nosBonsoWwen obecneyntb onTUMaribHoe pecypconoTpebrieHue, nonyyeHne [OMNOJSIHUTENbHOMN
NpUbLINK N COKpaLLeHNe IKONTIOrMYEeCKON Harpy3Ku.

Keywords: agriculture, dairy cattle farming, agricultural entities, dairy farms, livestock population,
biogas, organic waste, anaerobic digestion.

TywniHai cesgep: aybin Wapyawbifbifbl, CYT Man Wapyawbisbifbl, arpoOKypblfibiIMAAp, CyT-Tayapsibl
c¢depmanap, man 6achbl, 6uoras, opraHvMkanbIK KanablKTap, aHa3poo6ThI aluy.
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JNIOYHO-TOBapHble d)epMbl, MOroyioBbE CKOTa, bMoras, opraHnyeckme oTxoAbl, aHa3pobHoe copaxu-
BaHwue.
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Introduction

Dairy farming is an important source of food
and one of the main branches of agriculture. Its
development leads to the generation of significant
amounts of organic waste, primarily manure. The
lack of proper manure management can contrib-
ute to an increase in greenhouse gas emissions,
air and water pollution. Maintaining the volume
of milk production in the dairy sector should be
carried out while reducing environmental im-
pacts, which is one of the key tasks for the sus-
tainable development of the industry [1].

The scale of this problem is particularly signif-
icant in countries with developed livestock pro-
duction. Thus, some researchers draw attention to
the formation of significant volumes of manure
in the countries of the European Union and the
United Kingdom, where up to 1.4 billion tons
of livestock manure are produced annually from
farms [2]. Only a small portion of this biowaste
undergoes centralized collection and processing.

At the same time, it is advisable to consider
manure not only as waste that needs to be dis-
posed of, but also as a renewable resource with
enormous energy and resource potential. Thus,
the organic matter contained in it can be used as
a raw material for the production of biogas by an-
aerobic digestion, and the digestate formed as a
result of fermentation can be used as an organ-
ic fertilizer. This approach makes it possible to
solve the problem of organic waste management,
renewable energy production, as well as the return
of nutrients to the agricultural cycle in parallel.

Currently, one of the most promising ap-
proaches of environmentally oriented agricultur-
al development is the production of biogas from
livestock waste, which will reduce the negative
effects of traditional manure storage methods,
reduce greenhouse gas emissions, replace fossil
energy sources with renewable ones, and reuse
anaerobic digestion products. From an economic
point of view, the use of biogas plants will opti-
mize the costs of enterprises related to the dis-
posal and storage of manure, as well as reduce
dependence on external energy sources. In addi-
tion, the processing of organic waste will provide
additional sources of income generation as a re-
sult of the sale of biogas and digestate.

For Kazakhstan, this issue is of particular rele-
vance in connection with the development of an-
imal husbandry and, as a result, the formation of
significant amounts of organic waste. Despite the
availability of a sufficient number of studies on

the issues of animal waste management and bio-
gas production, the environmental and economic
aspects of the use of dairy farming waste in rela-
tion to the conditions of Kazakhstan are presented
in fragments. Within the framework of this study,
an attempt has been made to systematize and an-
alytically summarize the environmental and eco-
nomic aspects of biogas production from dairy
farming waste, as well as to identify key oppor-
tunities, prospects and constraints to the develop-
ment of this area in the country.

Literature review

Agricultural biomass, consisting of animal
husbandry and crop production waste, is consid-
ered by many researchers as a promising renew-
able resource for energy production. The results
of the study [3] indicate the significant potential
of various types of agricultural waste as raw ma-
terials for biogas production. The study [4] em-
phasizes that animal manure contains a significant
amount of organic matter that can be converted
into biogas through anaerobic digestion.

In modern research, close attention is paid to
improving the efficiency of anaerobic digestion
and increasing the yield of biogas and methane.
Alkaline pretreatment of manure has been shown
to enhance anaerobic digestion efficiency, thereby
increasing biogas and methane yields [5]. It has
been shown that the effectiveness of pre-treat-
ment depends on the type of manure, dry matter
content, substrate composition, and the costs of
pre-treatment [6].

Livestock manure is considered a promising
raw material for anaerobic digestion in various
types of bioreactors, which confirms the wide
range of applications for animal husbandry waste
[7]. The digestate formed after manure processing
is important. Digestate can be used as a renewable
organic fertilizer, influencing crop growth and the
nutrient composition of the soil [8]. A compara-
tive analysis reveals differences in the fertilizer
potential of various forms of digestate obtained as
a result of manure processing [9].

The economic aspects of biogas production
are also complex. A number of studies show
that the introduction of biogas plants can have a
direct and indirect positive impact on agricultural
productivity, time and resource savings, as well
as the income structure [10]. At the same time,
a number of studies highlight the high capital
intensity of biogas projects, the significant initial
investments required, and the need to ensure the
stable operation of technological equipment [11].

82 00 000 0000000000000 000000000000000000000000000000000000000000000000000 o



ATpapJbIK HapbIK MPoodJieMaapbl

Problems of AgriMarket

IIpodiemMbl arpopbinka

Determining the potential of biogas produc-
tion from livestock waste is a separate area of
modern research. The volume of manure produc-
tion and the potential for biogas generation de-
pend on the structure of the livestock population
and the spatial distribution of the animals [12].
The spatial approach makes it possible to deter-
mine the potential volume of manure processing
at the regional level [13]. For Kazakhstan, the
natural and climatic conditions and the structure
of agricultural production are of particular im-
portance. Studies indicate significant potential
for biogas production from manure produced by
livestock and poultry farms in Kazakhstan [14].
At the same time, they emphasize that the coun-
try’s sharply continental climate limits the intro-
duction of anaerobic digestion, since it requires
additional costs to maintain optimal temperature
conditions in biogas reactors.

The conducted research confirms the signifi-
cant ecological and economic potential of animal
waste processing. However, a comprehensive
study of the environmental and economic aspects
of biogas production from dairy farming waste,
taking into account the specifics of Kazakhstan,
remains insufficiently represented in the scientific
literature.

Materials and methods

The research materials were based on sci-
entific publications by domestic and foreign re-
searchers devoted to the processing of livestock
waste, anaerobic digestion, biogas production
and sustainable development of the agricultural
sector. A content analysis of research on this issue
has allowed us to summarize data on anaerobic
digestion technologies, the environmental effects
of manure processing, and potential uses of the
resulting biogas and digestate.

The empirical basis of the study based on of-
ficial statistical data from the Bureau of National

Statistics of the Agency for Strategic Planning
and Reforms of the Republic of Kazakhstan, as
well as information and analytical materials from
the Ministry of Agriculture of the Republic of Ka-
zakhstan and other official sources. The work also
uses regulatory and policy documents regulating
the development of agriculture. The study ana-
lyzes current trends in the development of dairy
farming in Kazakhstan and the formation of or-
ganic waste, primarily cattle manure. To assess
the ecological and economic potential of biogas
production, a comparative analysis method was
used to determine the relationship between the
scale of milk production, the formation of organic
waste and the possibilities of their further use as a
renewable resource potential.

The main environmental and economic ad-
vantages of manure processing on dairy farms
are systematized using an analytical method. A
comparative analysis of domestic and foreign ex-
perience has made it possible to identify the key
conditions and limitations of dairy farming waste
processing in Kazakhstan. The generalization
method is applied to determine the prospects of
using biogas technologies on dairy farms in the
context of the transition to a circular economy
and increasing the resource efficiency of agricul-
tural production.

Results

To assess the current state of dairy farming in
the Republic of Kazakhstan, the key quantitative
and qualitative parameters of its development
were studied. A comparison of cattle population
sizes, cow’s milk production volumes, and av-
erage milk yield per cow allowed us to identify
the nature of structural changes and helped deter-
mine the role of cattle population and dairy herd
productivity in determining milk production vol-
umes. The results of this analysis are presented
in table 1.

Table 1 — Dynamics of cattle population and cow milk production in Kazakhstan

Change, %
Indicators 2023 2024 2025 2025 2025
/2023 | /2024
Cattle population, head 8 608 852 7 976 665 8 232932 —-4.4 +3.2
Cow milk production, tonnes 4123 744.8 3577 376.0 3750554.5 -9.1 +4.8
Average milk yield per dairy cow, .
kg 2409 2943 2 936 +21.9 0.2
Note: compiled by the authors based on data from literature source [15]
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An analysis of the data presented in table 1
indicates an unstable trend in the scale of dairy
production in the country. By the end of the an-
alyzed period, the cattle population amounted to
8.23 million head, which is 4.4 % below the 2023
baseline. However, compared to 2024, there is a
3.2 % increase in the cattle population, indicating
some recovery in the animal population. A similar
trend can be seen in the dynamics of cow’s milk
production. Thus, in 2025, cow milk production
reached 3.75 million tonnes, which exceeds the
2024 production volume by 4.8 %.

However, this value 1s 9.1 % lower than the
2023 value. Thus, after a reduction in produc-
tion indicators in 2024, the industry was able to
demonstrate positive dynamics in 2025. Howev-
er, its scale has not yet reached the 2023 level. A
comparison of the obtained results suggests that
increased dairy herd productivity has, to some ex-
tent, offset the decline in livestock numbers. How-
ever, average milk yield trends cannot serve as
definitive evidence of increased dairy production
efficiency, as they can be influenced by a variety
of factors, including changes in herd structure,
the increasing share of specialized dairy farms,
and the specifics of statistical data collection and
recording.

The identified dynamics should be taken into
account when assessing the environmental im-
pacts of dairy farming development. A reduction
in the overall cattle population alone cannot be
considered direct evidence of a proportional re-
duction in manure production. The potential vol-
ume of organic waste depends not only on the
overall cattle population, but also on the number
of dairy cows, the concentration of animals on
specialized farms, the housing system, the tem-
perature regime, the duration of housing, the ma-
nure removal and storage system, and other fac-
tors. Therefore, even with a relatively stable or
declining cattle population, the concentration of

dairy production on large specialized farms can
lead to the generation of significant localized vol-
umes of organic waste, which will require effec-
tive management.

Therefore, the regional structure of the cattle
population, the number of cows, and milk pro-
duction is of particular importance for further
analysis. Analyzing the regional structure helps
identify areas with a high concentration of dairy
production, which allows us to identify potential
areas of organic waste accumulation and study
the prerequisites for their processing using anaer-
obic digestion technology.

However, the high concentration of dairy cat-
tle and milk production volumes in some regions
cannot be equated with the actual biogas poten-
tial. Biogas potential depends on the availability
of manure for collection, animal husbandry sys-
tems, and farm size. Nevertheless, this regional
differentiation serves as a basis for assessing the
potential for developing a resource base for bio-
gas production and the subsequent environmental
and economic benefits.

To obtain a more complete picture of the struc-
ture of dairy farming in the country, it is neces-
sary to consider not only the dynamics of the total
cattle population and milk production volumes,
but also the distribution of livestock among dif-
ferent farm categories. The distribution of live-
stock by farm category is essential for assessing
the organization of livestock farming, as the con-
centration of livestock in agricultural enterprises,
peasant and farm enterprises, and private house-
holds determines production volumes and animal
husbandry practices.

The structure of livestock distribution among
farm categories determines the ability to orga-
nize the collection and subsequent processing of
organic waste. The distribution of cattle by farm
category in Kazakhstan is presented in table 2.

Table 2 — Distribution of the cattle population across farm categories in Kazakhstan

Farm 2023 2024 2025 Change (2025/2023)
categories
cattle cattle cattle |?'1 hg:t%ee shar;a,
; share,| popu- |share,| popu- | share, percentage
population, | "o, ™" | jation % | lation % | POPU- | points
head head’ head’ lation,
head
Agricultural
enterprises 864530 | 10 833755| 10.5| 923312 11.2| +58 782 +1.2
Peasant
(farmer) farms
and individual 3582638 416| 3462881 | 43.4|3565356 43.3| -17 282 +1.7
entrepreneurs
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Household 4161684 | 484| 3680029| 46.1|3744264| 455|417 420 29
Total 8 608 852 | 100 7976665| 100 |8232932| 100 | -375920 -

Note: compiled by the authors based on data from literature source [15]

The data presented in table 2 show that the
majority of cattle in Kazakhstan remains concen-
trated in household and peasant farms.

In 2025, household farms accounted for 45.5
% of the total cattle population, peasant farms ac-
counted for 43.3 %, while agricultural enterprises
accounted for 11.2 %. This means that nearly
88.8 % of the cattle population was concentrated
in household and peasant (farmer) farms within
the domestic livestock sector.

At the same time, a comparison of 2025 data
with 2023 data reveals a gradual shift in the live-
stock distribution structure. The share of agri-
cultural enterprises increased by 1.2 percentage
points (from 10.0 % to 11.2 %), the share of peas-
ant (farmer) farms increased by 1.7 percentage
points (from 41.6 % to 43.3 %). At the same time,
the share of household farms decreased by 2.9
percentage points.

In absolute terms, a significant reduction in
cattle numbers during the analyzed period was
observed in household farms — by 417.4 thousand
head, while in agricultural enterprises, the cattle
population, conversely, increased by 58.8 thou-
sand head. In peasant farms, the cattle popula-
tion decreased slightly — by 17.3 thousand head.
This trend may indicate a gradual redistribution
of some cattle in favor of the large-scale commer-
cial sector.

From the perspective of environmental and
economic aspects of waste management, this
structure is particularly significant. The concen-
tration of cattle on household farms means a dis-
persed distribution of livestock. This can lead to
additional logistical and organizational difficul-
ties in the collection and transportation of manure
and may also reduce the economic feasibility

of centralized manure processing in large-scale
biogas plants. In turn, increasing the cattle pop-
ulation in agricultural enterprises and maintain-
ing its importance in peasant (farm) households
can contribute to the creation of more favorable
conditions for organizing the regular collection of
organic waste.

It should be noted that an enterprise’s orga-
nizational and legal form alone cannot provide a
sufficient or reliable basis for assessing the avail-
ability of manure for biogas production. The actu-
al size of the farm, the concentration of livestock,
the livestock housing system, and the manure dis-
posal system play a decisive role.

Thus, analyzing the livestock population
structure by farm category revealed one im-
portant structural feature of livestock farming
in Kazakhstan: the combination of a significant
proportion of dispersed livestock in households
with the gradually increasing role of agricultural
enterprises and peasant (farm) households.

For the development of biogas technologies,
two different resource base development mod-
els can be applied: a dispersed model, associated
with households, and a concentrated model, char-
acteristic of organized agricultural enterprises
and some peasant (farm) households. The second
of these two models is aimed at creating more fa-
vorable conditions for the implementation of an-
aerobic digestion technologies, thereby ensuring
amore stable supply of raw materials and reduced
collection and logistics costs. Therefore, further
analysis should focus on the regional concentra-
tion of dairy herds and milk production, as well
as the potential for using the resulting manure in
anaerobic digestion technologies (table 3).

Table 3 — Regional distribution of the cattle population and cow milk production, %, 2023-2025

2023 2024 2025

share of national total, % share of national total, % share of national total, %

Region of total dairy cow milk of total dairy cow milk of total dairy cow

cattle cow cattle cow cattle cow milk

produc- produc-

popu- popu- tion popu- popu- tion popu- popu- | produc-

lation lation lation lation lation lation tion
Abay 8.1 8.6 1.6 8.8 9.1 8.3 9.0 94 8.4
Akmola 53 49 8.1 4.8 4.2 6.6 4.8 4.2 6.4
Aktobe 7.8 7.7 6.3 7.6 8.3 4.9 7.3 8.0 4.8

85



Ne 3,2026

ISSN-L 2708-9991, ISSN 1817-728X

Almaty 7.6 8.6 7.7 7.2 7.4 8.1 7.1 75 82
Atyrau 2.4 25 0.1 2.8 3.0 0.9 2.9 3.1 0.8
\Q’aezsatkhstan 10.0 8.9 05| 16| 11.3 58| 124| 118| 57
Zhambyl 6.2 4.8 6.6 5.4 4.7 6.3 5.4 48| 6.1
Zhetisu 6.0 5.8 5.0 6.1 5.7 6.0 6.0 57| 6.0
Karagandy 5.7 5.6 7.1 54 5.7 5.9 5.2 5.5 5.8
Kostanay 5.5 5.2 8.8 5.0 4.6 5.8 4.8 4.6 6.0
Kyzylorda 4.8 5.1 1.4 46 5.1 15 45 50| 15
Mangystau 0.2 0.3 0.2 0.3 0.3 0.3 -
Pavlodar 5.6 5.8 8.4 5.9 6.0 6.6 5.8 59| 6.8
o < 44 47| 139 3.5 3.2 10.4 3.4 32| 102
Turkistan 126 134| 151 135 135 125 137| 134 126
Ulytau 1.7 2.3 2.0 1.9 2.3 1.8 1.8 2.1 1.7
East Kazakhstan 5.1 5.2 6.1 45 4.6 6.7 4.5 45| 69
Rapuiblc of 100 | 100 | 100 | 100 | 100 100 | 100 | 100 | 100
Note: compiled by the authors based on data from literature source [15]

The data presented in table 3 demonstrate sig-
nificant territorial differentiation in dairy farming
in Kazakhstan. The different levels of specializa-
tion and productivity of dairy production in indi-
vidual regions of the country are a consequence
of significant differences in the regional structure
of cattle populations and cow’s milk production.

In 2025, cattle populations were concentrated
primarily in the Turkistan Region (13.7 %), West
Kazakhstan Region (12.4 %), and Abay Region
(9.0 %). In terms of milk production, the lead-
ers in cow’s milk production are the Turkistan
Region (12.6 %), Abay Region (8.4 %), Almaty
Region (8.2 %), and North Kazakhstan Region
(10.2 %). Thus, a large cattle population does not
always correspond to a proportional regional con-
tribution to milk production.

Regional differentiation is most clearly ev-
ident when comparing their shares in the cow
population and milk production. Thus, in 2025,
the North Kazakhstan Region, with a share of
only 3.2 % of the national dairy cow population,
accounted for 10.2 % of cow milk production.
A similar picture is observed in the Akmola Re-
gion, where 4.2 % of the cow population accounts
for 6.4 % of milk production nationwide, and in
the East Kazakhstan Region — 4.5 % and 6.9 %,
respectively.

The opposite trend is observed in the West
Kazakhstan Region, where the share of cows was
11.8 %, while their share in milk production was
half that, at 5.7 %. A similar situation is observed
in the Aktobe Region — 8.0 % and 4.8 %. These
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disparities reflect differences in the productivity
and structure of dairy farming and make it possi-
ble to identify regions with a higher concentration
of specialized dairy production. Over the analyzed
period, the distribution of livestock among farms
of various legal forms underwent certain changes.
The largest increase in the share of the national
cattle population was observed in the West Ka-
zakhstan Region (from 10.0 % to 12.4 %) and the
Turkistan Region (from 12.6 % to 13.7 %).

In the North Kazakhstan region, the share of
cattle in the cattle population decreased by 1.0
percentage point (from 4.4 % to 3.4 %), and the
share of milk production decreased by 3.7 per-
centage points (from 13.9 % to 10.2 %). Howev-
er, despite its relatively small share of livestock,
North Kazakhstan Region maintains a significant
contribution to milk production in the country.
The Almaty, Akmola, and East Kazakhstan re-
gions also remain among the leading regions,
where the share of milk production exceeds the
share of cows.

These identified differences are fundamental
when considering the prospects for processing
dairy farm waste. As noted above, the potential
resource base for biogas production depends less
on the total cattle population and more on the con-
centration of dairy herds, the size of dairy farms,
and the capacity for organized manure collection.
Consequently, regions with a relatively high milk
production volumes and a lower cow population
may be of great interest for the implementation
of anaerobic digestion technologies. At the same
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time, regions with large cattle populations may
also be potentially attractive, but here, attention
must be paid to the livestock production structure
and the proportion of manure available for cen-
tralized collection and processing. Thus, regions
across the country have different prerequisites for
the implementation of biogas technologies.

The territorial concentration of dairy farming
can be considered one of the factors determining
the potential scale of organic waste generation
and subsequent processing. It should be noted that
data on cattle population alone are insufficient to
determine the potential volume of feedstock for
biogas production. The proportion of dairy cattle,
the existing animal housing system, the duration
of the confinement period, and the availability of
organized manure collection are more significant.

Therefore, it can be noted that the higher the
concentration of dairy cattle and the scale of milk

production, the greater the potential volume of
manure generated, requiring organized collec-
tion, storage, and disposal. This creates a dual sit-
uation: on the one hand, manure is an inevitable
byproduct of production, increasing the environ-
mental impact, but on the other, it is a valuable
organic raw material.

Thus, biogas production from dairy waste
should be considered not only as a technological
solution to the problem of manure utilization, but
also as a key element in developing a circular ag-
ricultural production model. This model creates
the preconditions for closing the resource cycle.
The economic and environmental value of this
model lies in the possibility of simultaneously re-
ducing waste management costs, substituting for
some traditional energy resources, generating ad-
ditional organic fertilizer, and mitigating poten-
tial environmental damage (figure 1).

Problems associated with conventional manure management:
methane emissions, soil and water contamination, odor nuisance,
accumulation of organic waste, nutrient losses, dependence on fossil fuels, etc.

-~

Anaerobic digestion as a solution:
biogas capture, controlled treatment, sealed digestion, biogas production, digestate
production, partial replacement of fossil energy with biogas

{

|

I

[ Effects: environmental and economic benefits ]

o

S

Environmental benefits:
lower greenhouse gas emissions; reduced
environmental risks; improved sanitary
conditions; reduced waste volume; return of
nutrients to soil; smaller carbon footprint.

Economic benefits
potential value of energy resources; lower
potential environmental costs; lower social
costs; energy generation; reduced demand
for mineral fertilizers; lower energy costs

Note: compiled by the authors based on data from literature source [16]
Figure 1 — Environmental and economic impact of dairy manure recycling

Thus, dairy manure processing serves both as
a tool for environmental modernization and as a
way to improve the resource efficiency of dairy
farming. In other words, biogas production trans-
forms manure from a waste product into a sec-
ondary renewable raw material.

The accumulation of organic waste without
effective management systems can lead to the
release of methane and other pollutants, odors,
increased risks of soil and water pollution, and
increased losses of nutrients contained in manure.
Thus, traditional manure storage and disposal not

only increase environmental costs but also eco-
nomic costs associated with the construction and
maintenance of storage facilities, waste transpor-
tation, and the development and implementation
of preventative measures aimed at preventing
negative environmental impacts.

At the same time, dairy manure is known to
have significant resource potential, as the organ-
ic matter it contains can be converted into bio-
gas through anaerobic digestion. This process
converts dairy waste into a secondary energy
resource.
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A combination of various factors determines
the environmental and economic feasibility of
constructing biogas plants in specific regions.
Factors determining the economic feasibility of
biogas production include the following: the size
of the dairy farm, the amount of manure, its avail-
ability for collection, the moisture content and
composition of the feedstock, the dry matter and
organic matter content, the livestock management
system, the cost of biogas plant construction, ma-
nure transportation logistics, government support
for renewable energy sources, the use of digestate
as fertilizer, the possibility of selling or using the
energy internally, etc.

Due to the regional differences in the develop-
ment of dairy farming, it is advisable to consider
the prospects for biogas production in Kazakh-
stan in a differentiated manner. In regions with a
high concentration of dairy herds and well-estab-
lished specialized production, the most promising
option may be the implementation of large-scale
biogas complexes. These include the North Ka-
zakhstan, Akmola, Almaty, and East Kazakhstan
regions, where the ratio of livestock to milk pro-
duction indicates a relatively high concentration
of dairy production. In areas with a lower concen-
tration of livestock, local installations designed to
process waste from individual farms or coopera-
tive associations may be potentially effective.

Discussion

This study demonstrates that biogas produc-
tion from dairy farming waste can be considered
a promising area for the development of the bio-
economy and circular agriculture in Kazakhstan.
The use of organic waste as a raw material for
energy production contributes to increased sus-
tainability of agricultural production and more
rational use of bioresources. The obtained results
are consistent with previously published studies
in which this approach is considered an important
tool for the effective use of resource potential and
for strengthening the competitive advantages of
the agricultural sector [16].

The use of circular economy principles in dairy
farming allows for a comprehensive solution to
the problem of environmental sustainability and
economic efficiency in the industry. At the same
time, it should be borne in mind that the transition
to a circular economy is associated with signifi-
cant financial requirements, the need to improve
management mechanisms, and the provision of
comprehensive, systemic state support [17].

The economic efficiency of biogas produc-
tion has also received significant attention in the
research of foreign scientists. In addition to the

energy effect, biogas production can provide ad-
ditional socio-economic benefits, including job
creation and increased incomes [18]. This sug-
gests that the development of biogas production
in Kazakhstan could have a broader impact, stim-
ulating employment and promoting the socioeco-
nomic development of rural areas.

Thus, biogas production from dairy farming
waste can be considered a comprehensive ap-
proach combining environmental and socioeco-
nomic benefits. In Kazakhstan, the development
of'this approach has significant potential due to the
possibility of combining the processing of dairy
farming waste with the simultaneous production
of renewable energy and organic fertilizers.

Conclusions

1. The efficiency of biogas production is in-
fluenced by a combination of technological, envi-
ronmental, and economic factors, the specifics of
which in the Republic of Kazakhstan remain in-
sufficiently studied, confirming the relevance of a
comprehensive assessment of the environmental
and economic potential of dairy waste recycling.

2. The potential for biogas production in Ka-
zakhstan depends not only on the total cattle
population but also on the level of dairy farming
concentration, ensuring organized manure collec-
tion, as well as on the cattle housing system, tem-
perature regime, and duration of housing, manure
removal and storage systems, etc.

3. The distribution of livestock by farm cat-
egory is essential for assessing the organization
of livestock farming. The structure of livestock
farming in Kazakhstan is characterized by a
predominance of household and peasant farms,
which account for almost 90 % of the total cattle
population. This characteristic indicates a highly
dispersed resource base, which should be taken
into account when planning livestock waste col-
lection and recycling systems.

4. The concentration of cattle on household
farms can lead to additional logistical and organi-
zational difficulties in the collection and transpor-
tation of manure, as well as reduce the economic
feasibility of centralized manure processing in
large biogas plants. The shift in the production
structure toward agricultural enterprises and
peasant (farmer) households creates the pre-
conditions for more efficient organization of
manure collection and processing, which expands
the potential for the implementation of biogas
technologies.

5. The prospects for biogas production in Ka-
zakhstan are linked to regional characteristics of
dairy farming development. The country’s re-
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gions have different prerequisites for the imple-
mentation of biogas technologies. In regions with
a high concentration of dairy livestock, the cre-
ation of large-scale biogas complexes is most fea-
sible, while in other areas, localized installations
may be more effective.

6. The use of dairy waste for biogas produc-
tion is a promising area for the development of
a circular agricultural production model, allow-
ing for more efficient use of resources, generating
additional profits, and reducing environmental
impacts.
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