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Abstract: Kazakhstan has large reserves of natural resources, including coal, oil, and natural gas. We
hope to replace fossil fuels with renewable sources of energy—particularly renewable natural gas.
Thus, Kazakhstan, like other countries, should cut its dependency on coal, oil, and natural gas so as to
reach net zero carbon emissions by 2050. This study, given that Kazakhstan is an agricultural country
with a large amount of organic matter, analyzes the potential of biogas production as a source of
electricity and heat. Manure from livestock and poultry was chosen as a source of organic matter. The
climate of Kazakhstan in most of its territory is sharply continental, with large temperature differences,
which affect the process of anaerobic digestion. Consequently, the features of biogas production
in cold regions were analyzed, and the calculation shows that the equivalent of 27,723,802 kWh of
calorific energy could be obtained from the anaerobic digestion of livestock and poultry manure,
while the annual energy consumption of Kazakhstan was 9423 billion kWh. Moreover, a policy is
suggested to develop biogas production in Kazakhstan based on the agricultural land distribution
among farmers.

Keywords: biogas; methane; livestock manure; anaerobic digestion; organic matter

1. Introduction

Kazakhstan possesses an abundance of natural resources, including coal, oil, natural
gas, and uranium, and has significant renewable energy potential from wind, solar, hydro,
and biomass. Using fossil fuels changes the regime of temperature, and the precipitation
regime caused by GHG emissions has a significant impact on people and their activities,
as well as the distribution of vegetation and soil development [1,2]. To reduce energy
dependence on fossil fuels and greenhouse gas emissions in accordance with the obligations
of the Paris Agreement, concept of the transition of the Republic of Kazakhstan to a green
economy by 2050 was developed and put forward [3]. Due to the size of the country’s
territory, geography, and economic structure, the distribution of electricity in Kazakhstan
is not uniform, causing the rural and remote areas to experience a serious electricity
deficit [4]. Hence, renewable energy resources such as solar, wind, and biomass, which
are available in abundance in Kazakhstan, should be actively and urgently promoted. The
usage of renewable energy decreases dependency on fossil fuels, mitigates climate change,
conserves natural resources, and provides the potential for local economic development
through job and small business creation [5]. If not considering the climatic conditions,
biogas technology can be more suitable than other renewable technologies, particularly
because of three reasons: Firstly, biogas technology is relatively simple, and operates
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on both small and large scales [6–9]. Secondly, biogas technology can replace traditional
biomass fuel for cooking and the generation of electricity [10,11]. Thirdly, biogas technology
transforms organic matter into organic fertilizer without causing harm to the atmosphere.
Here, we have to mention that during the production of mineral fertilizers and organic
fertilizers, significant amounts of carbon dioxide (CO2) and GHGs are emitted into the
atmosphere [12,13]. The efficiency of the farm starts from growing forage for ruminants.
The question is how efficiently we are using land, and how much forage we are growing.
There is also the critical question of whether the farmer applies mineral fertilizers or organic
fertilizers into the soil. First of all, using mineral fertilizers to increase the yield is an expense
for farmers. Not applying mineral fertilizers reduces soil humus and leads to a low yield.
Nevertheless, the production of mineral fertilizers causes air and soil pollution. Supposing
that farmers can efficiently use natural resources such as cattle manure to obtain organic
fertilizer as well as biogas, the farmer’s income is supplemented not only by the purchase
of milk and meat, but also from the processing of manure.

Agricultural waste is a term for all organic matter that remains after harvesting and
processing crops to produce certain agricultural products, as well as organic matter left over
from animal husbandry. The main share of agricultural waste in Kazakhstan is as follows:

• Cultivation of crops: Collection and processing of wheat, barley, and sugar beet.
Typical waste types include stems, straw, leaves, husks, cake, roots, etc.

• Livestock: Breeding of pigs, cows, horses, chickens, and other animals. Typical waste
types include slurry, animal manure, animal wastewater, silage, slaughter waste, litter
residues, etc.

The aim of this research is to determine the potential of biogas production from
livestock and poultry manure, despite the existence of other organic matter resources,
because there is a lack of information on the types of organic matter villagers are producing.
In this research, the total livestock and poultry manure are calculated based on the number
of livestock and poultry in Kazakhstan by region. However, it should be noted that the
potential of biogas production in Kazakhstan is assessed only by the presence of livestock
and poultry manure.

2. Materials and Methods
2.1. Area of Study and Challenges to Overcome

Using grassland resources reasonably, alleviating grassland degradation, and improv-
ing the grassland ecosystem services are challenges to Kazakhstan’s production of livestock
resources [14,15].

The area of Kazakhstan is divided into 14 regions (Table 1). The population of Kaza-
khstan is 18,631,800 people, where 58.7% live in 87 cities, while the remainder live in the
30 settlements and 6454 villages. Kazakhstan is a Central Asian country with steppe and
pastures in the north, deserts and semi-deserts in the center and the western basins of the
Caspian and Aral Seas, and mountains in the Tien Shan and Pamir ranges. Agricultural
land totals 76.5 million hectares, of which 61% is permanent pasture and 32% is arable
land, where grain and livestock are grown [16]. The climate of Kazakhstan is continental;
it is characterized by intensely cold winters, with January air temperatures ranging from
−18.5 ◦C in the north of the country to −1.8 ◦C in the south, and hot summers, with July air
temperatures ranging from 19.4 ◦C in the north to 28.4 ◦C in the south [17]. Despite the cold
weather conditions, small- and large-scale biogas plants are operational in Kazakhstan [18]:

- One of the most successful projects for generating electricity from organic waste in
Kazakhstan was implemented at a distance of 7 km from the village of Kogershin in
the Zhambyl region. There is a pig-breeding complex with an area of 30 ha. The daily
productivity of biogas is 5300 m3 per day;

- In the Kostanay region, on the territory of the Karaman-K farm, a biogas plant has
been operating since 2011. All equipment for the production of biogas and electricity
was designed and supplied by “Zorg Biogas Ukraine”. The biogas plant, consisting of
2 reactors of 2400 m3 each, has been brought to full capacity, and generates 360 kW of
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electrical power. Annually it is expected to produce 3 million kWh of electricity from
biogas. There are about 5000 cows on the farm;

- In the East Kazakhstan region, in the village of Privolnoye, a biogas plant operates on
the basis of the Bagration farm, which allows the processing of 10 tons of manure per
day and produces 400 m3 of gas;

- In the Aktobe region, in the village of Sazdy, a biogas plant operates on the Bolashak
farm, and produces 2 m3 of biogas per day.

Table 1. Administrative–territorial structure of Kazakhstan in 2021 [19].

Regions Territory, Thousand km2 Districts Cities Settlements Villages

Akmola 146.1 17 10 5 602
Aktobe 300.6 14 8 - 344
Almaty 223.6 17 10 - 732
Atyrau 118.6 7 2 - 159
Western

Kazakhstan 151.3 12 2 3 435

Zhambyl 144.3 10 4 - 373
Karaganda 428.0 11 11 10 421
Kostanay 196.0 16 5 3 548

Kyzylorda 226.0 7 4 2 232
Mangystau 165.6 5 3 - 58
Pavlodar 124.8 10 3 4 354

North
Kazakhstan 98 13 5 - 649

Turkestan 116.1 13 7 - 836
East

Kazakhstan 283.2 15 10 3 711

2.2. Biogas Production Features in Cold Regions

The biogas production process and various methods depending on available organic
matter quantity are well explained in the literature [20–22]. However, there is an issue with
biogas production in cold regions. Temperature plays a crucial role in anaerobic digestion,
as it shapes microbial ecosystems and, therefore, regulates the stability of the anaerobic
digestion process [23]. In cold regions, biomethanation processes with efficient substrate
composition, insulation, psychrophilic anaerobes, reactor systems, and additives are some
advanced approaches that can improve biomethanation [24] (Figure 1).
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The mixture of the suitable organic substrate plays a major role in the production
of biogas via anaerobic digestion. For example, improved biogas production compared
to mono-digestion of guinea pig manure alone is found in the higher altitudes of the
Andes Mountains, where the cow manure is co-digested with guinea pig manure [25].
Moreover, methane generation was found to double when the urine and dung of dairy
cows were digested with the fish silage as a co-substrate at 10 ◦C, compared to the digestion
of cow dung and urine alone, in Norway [26]. Another experiment showed more biogas
production at 16.6 ◦C when the cow and sheep manure were mixed compared to cow
manure alone [27].

For higher biogas production via psychrophilic biomethanation, the digestion system
must be aided with adequate insulation techniques to maintain mesophilic conditions.
Solar heating is considered to be an efficient and economical method for insulation, as
demonstrated in Latin-American regions [28]. The hot water released from an electrical
generator using biogas produced from anaerobic digestion of manure can be utilized to
insulate the digester [29]. The heat generated in the nearby greenhouse can insulate the
digester, where the warm air source is pumped into the digester to increase the inside
temperature and establish mesophilic conditions [30]. Moreover, a low-cost, small-scale
digester can be covered with a greenhouse made of PVC to capture solar heat [31].

In addition to maintaining a comfortable temperature, the role of the cold-adapted
microbial community in the efficient production of methane is clear. Due to the ability to
utilize both acetoclastic and hydrogenotrophic pathways, Methanosarcina sp. significantly
dominated Methanosaeta sp., and proved to be effective in the process of biomethanation in-
side an anaerobic membrane bioreactor [32]. Methanococcoides sp., Methanomethylovorans sp.,
and Methanosarcina sp. produce methane through both hydrogenotrophic and acetoclastic
processes [33].

The additives also help to retain heat and maintain the required temperature inside the
anaerobic digester to increase microbial activity, resulting in higher methane production at
low temperatures. Wheat straw and barley straw are used as additives in combination with
organic substrates such as cow dung and pig manure for enhancing psychrophilic biometha-
nation [34,35]. When biochar was added at 10 g/L to an anaerobic digester with dairy
manure, the methane yield increased by 26–28% [36]. The addition of granular activated
carbon to the anaerobic digestion of municipal wastewater stimulated the development of
potential microorganisms, resulting in the production of large amounts of methane [37].

2.3. Agricultural Land Distribution

The amount of agricultural land possessed by the farmers is more significantly influ-
enced by economic competition in producing animal feed than by purchasing in the market.
The production of biogas is increased by increasing the production of animal feed [38].
Therefore, the amount of agricultural land possessed by farmers and the amount of animal
manure, depending on manure type, should be analyzed.

2.4. Calculation of Approximate Amounts of Produced Livestock and Poultry Manure

The production of biogas and methane was calculated in each region. In this study,
the approximate amount of produced livestock and poultry manure was calculated as
follows [39]:

TMi = Ni × AAWi × MPCi (1)

where TMi is the total manure produced in one year (kg), Ni is the number of animals,
AAWi is the weight of the adult animal (kg), and MPCi is the manure production coefficient,
which can be obtained from Table 2. The standard deviation of AAWi and MPCi was not
taken into account, as it depends on feeding conditions and feed quality [40].
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Table 2. Weights and manure production coefficients for different adult animals [41–44].

AAW (kg) Adult
Animal Weight

MPC Manure
Production Coefficient

QAM (kg) Approximate
Annual Manure Produced

Cattle 350 3.65 2226.5
Sheep and

goats 70 3.36 235.2

Horses 454 3.2 5040
Pigs 50 5.7 720

Poultry 1.6 4.4 7.04
Camels 600 2.6 952

Manure from various animals has various specific capabilities in biogas and methane
production. The produced amount of biogas depends not only on the amount of organic
matter, but also on the type of organic matter. The amount of produced biogas, depending
on organic matter type, is calculated as follows [39]:

PBi = TMi × BAi (2)

where BAi is the biogas amount (m3/kg) (Table 3).
The carbon dioxide (CO2) and other undesirable gases are separated from the pro-

duced biogas to obtain methane (CH4), and the methane rate also varies depending on
organic matter type [45]. Therefore, it is necessary to analyze not only the amount of
organic matter, but also the amount of methane production. The amount of the methane in
the produced biogas is calculated as follows:

MAi = PBi × MRi (3)

where MRi is the methane amount (m3) (Table 3).

Table 3. Biogas and methane produced from different manures [46–49].

Produced Biogas
Amount, (m3/kg) Methane Rate CO2 Rate

Cattle 0.26–0.28 0.5–0.6 0.4–0.5
Sheep and goats 0.22–0.24 0.4–0.5 0.6–0.5

Horses 0.16–0.21 0.5–0.65 0.35–0.5
Pigs 0.3–0.4 0.6–0.7 0.3–0.4

Poultry 0.4–0.6 0.5–0.7 0.3–0.5
Camels 0.2–0.25 0.55–0.65 0.35–0.45

The production of biogas from organic matter via anaerobic digestion is one side of
the coin, and the recovery of methane from biogas by employing upgrading technologies is
the other [50]. Methane should be separated from the biogas. If not separated, each cubic
meter of biogas contains the equivalent of 6 kWh of calorific energy. However, when we
burn biogas for electricity, about 2 kWh of useable electricity is obtained, and the rest is
converted into energy that can be used for heating [51].

3. Results and Discussion
3.1. The Analysis of Livestock and Poultry Distribution in Kazakhstan

The numbers of livestock and poultry are not uniformly distributed in Kazakhstan,
and depend on the weather conditions (Table 4). For example, most populations of camels
are kept only by farmers in areas with low precipitation and sandy soils, such as Atyrau,
Aktobe, Kyzylorda, Mangystau, and Turkestan. Figure 2 shows the numbers of livestock
and poultry in Kazakhstan at the end of 2019. After poultry, sheep and goats are the
second most abundant. The number of cattle is about three times the number of horses.
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However, the produced animal waste depends on animal size. Bigger animals produce
more agricultural waste.

Table 4. The numbers of livestock and poultry in Kazakhstan at the end of 2019, by region [52].

Regions
Numbers of Livestock and Poultry, Thousands

Cattle Sheep and Goats Pigs Horses Camel Poultry

Akmola 434 535.2 99 202.1 0.1 8014.2
Aktobe 493.5 1127.1 58.4 144.3 17.8 1320.9
Almaty 1028.1 3511.8 53.3 327 7.4 10,311.2
Atyrau 173.4 567.6 0.4 83.9 32.5 455.6
Western

Kazakhstan 591.5 1130.6 17.3 192.8 2.2 1442.8

Zhambyl 423.2 2861.8 20.9 136 6.9 1702
Karaganda 549.2 924.5 72.2 337.2 1.4 4080.8
Kostanay 462.4 463.6 165.8 122.9 0.2 4269

Kyzylorda 332.4 620.9 2.6 148.3 47.9 127.2
Mangystau 22 422.5 0.1 86.5 68.8 43.3
Pavlodar 426.6 551.6 73.7 184.6 0.1 1695.8

North
Kazakhstan 365.5 419.3 173.9 130.9 0 4617.1

Turkestan 1052.9 4291.2 6.6 346.4 30.4 2175.4
East

Kazakhstan 1004.5 1611.6 65.2 394.5 0.6 3877.8
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3.2. Analysis of Agricultural Land Distribution

To keep livestock and poultry, farmers need agricultural land to grow the animals’
food. However, the agricultural land is not distributed equally, requiring farmers without
land to purchase animal food. If farmers own little agricultural land, they grow forage
crops, compared with the farmers who own vast agricultural land and grow cereals crops
to export. However, if farmers keep livestock and poultry depending on their agricultural
land area, the farmers who own vast areas of agricultural land have significant opportuni-
ties to produce manure. According to Figure 3, the agricultural land is not standardized;
it is normally distributed to the peasants or farm enterprises—10,740 peasants or farm
enterprises possess 28,529,178 hectares, while 82,807 peasants or farm enterprises possess
991,885 hectares. This means that 7.8% of peasants or farm enterprises possess 57.6% of agri-
cultural land, while 60.6% of peasants or farm enterprises possess 2% of agricultural land.
The vast majority of agricultural land is separated from 1000 hectares to 10,000 hectares,
while the vast majority of peasants or farm enterprises possess less than 50 hectares. The



Energies 2022, 15, 3270 7 of 11

farmers who own vast agricultural land could construct biogas plants if keeping livestock
and poultry depends on agricultural land size. We consider that this should be controlled
by policy, as even the cereals grown by farmers to export as crop residues can be used
to feed animals, as can spent mushroom compost after harvesting mushrooms. The crop
residues are rarely fed to animals, as this is less productive. However, agricultural waste
is a resource for growing mushrooms. The spent mushroom compost is used as animal
feed, feedstock for biogas production, and fertilizer [53,54]. Consequently, if considering
1000 hectares to be vast agricultural land, 19,261 farmers could construct biogas plants.
It should be noted that in Kazakhstan the population living in villages does not need
agricultural land to keep livestock, because every village has common land to graze their
livestock. However, there is a norm of pasture area per head of farm animals on restored
and degraded lands—from 8 to 30 hectares, depending on the type of animal [55,56]. In
North Kazakhstan, the harsh winter does not allow grazing for livestock. Therefore, the
presence of agricultural lands to gather animal food is necessary. Nevertheless, the farmers
who own little agricultural land and/or farmers without agricultural land who purchase
animal food, in the event of the construction of a biogas plant nearby, could sell the manure
of their livestock or poultry. Therefore, we consider that the policy should encourage
farmers to build biogas plants, as 117,338 farmers own less than 500 hectares of agricultural
land. The lack of knowledge in commercializing AD technology and weak national policy
has been noted as a problem in other countries [57].
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3.3. Livestock and Poultry Manure Production Results

The production of cattle manure prevails in all regions, except for the Zhambyl region,
where sheep and goat manure occupy first place, and the production of cattle manure
comes second (Figure 4). The production of sheep and goat manure takes second place
in the Aktobe, Almaty, Atyrau, and Turkestan regions. In other regions, the production
of horse manure takes second place. In the Aktobe, Atyrau, Mangystau, and Turkestan
regions, the production of camel manure prevails over the production of poultry manure.
The approximate manure production from cattle, sheep and goats, horses, camels, poultry,
and pigs was 9,401,378 kg, 4,478,043 kg, 4,122,174 kg, 337,428 kg, 310,697 kg, and 230,679 kg,
respectively. It should be noted that manure production depends on the age of the animals.
However, manure calculations were based on the average productivity of adult animals,
since no other information was available beyond the number of adult animals in Kazakhstan.
Moreover, there is also a lack of information on how farmers keep their livestock. If livestock
grazes on pastures, manure is lost [58]. However, this research studies the possibility of
future biogas production from manure in the event that biogas plants are constructed and
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the farmers decide to keep their livestock on farms. Otherwise, the production of biogas
via anaerobic digestion in Kazakhstan is not possible.

Energies 2022, 15, x FOR PEER REVIEW 8 of 11 
 

 

livestock on farms. Otherwise, the production of biogas via anaerobic digestion in Kazakhstan 
is not possible. 

 
Figure 4. Produced manure in Kazakhstan by region in 2019. 

3.4. The Results of the Assessment of Methane Production 

It is considered that methane production depends on the animal manure type and me-
thane rate. However, according to Figure 5, the difference between the animal manure type 
and methane volume has an insignificant effect compared with the animal manure amount, 
as the tendency of methane amount and produced manure is similar. The production of me-
thane from poultry and pig manure would be more efficient, as they produce twice the 
amount of biogas produced from other animal manure (Table 3). Nevertheless, the poultry 
and pig manure are not the main organic source. The cattle, sheep, and goat manure are the 
most promising organic manures for producing biogas in Kazakhstan. However, to produce 
biogas, any type of manure can be the source of organic matter. Therefore, overall, 2,495,006 
m3 of methane or 4,620,633 m3 of biogas could be produced if the livestock and poultry manure 
were processed via anaerobic digestion in Kazakhstan. Nevertheless, the equivalent of 
27,723,802 kWh of calorific energy would be obtained, while the annual energy consumption 
of Kazakhstan is 9423 billion kWh. It should be noted that the production of biogas or methane 
was calculated based on the production of manure from adult animals and the average value 
of the methane rate. 

 
Figure 5. Amount of methane production in Kazakhstan in 2019. 

  

Figure 4. Produced manure in Kazakhstan by region in 2019.

3.4. The Results of the Assessment of Methane Production

It is considered that methane production depends on the animal manure type and
methane rate. However, according to Figure 5, the difference between the animal manure
type and methane volume has an insignificant effect compared with the animal manure
amount, as the tendency of methane amount and produced manure is similar. The produc-
tion of methane from poultry and pig manure would be more efficient, as they produce
twice the amount of biogas produced from other animal manure (Table 3). Nevertheless,
the poultry and pig manure are not the main organic source. The cattle, sheep, and goat
manure are the most promising organic manures for producing biogas in Kazakhstan.
However, to produce biogas, any type of manure can be the source of organic matter.
Therefore, overall, 2,495,006 m3 of methane or 4,620,633 m3 of biogas could be produced if
the livestock and poultry manure were processed via anaerobic digestion in Kazakhstan.
Nevertheless, the equivalent of 27,723,802 kWh of calorific energy would be obtained, while
the annual energy consumption of Kazakhstan is 9423 billion kWh. It should be noted that
the production of biogas or methane was calculated based on the production of manure
from adult animals and the average value of the methane rate.
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4. Conclusions

Organic matter is the basic source to produce biogas in biogas plants via anaerobic
digestion. Kazakhstan has plenty of livestock and poultry manure to produce biogas.
However, this potential is not fully utilized, as the livestock manure is not collected to
produce biogas, due to a lack of knowledge of AD technology, along with weak government
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policy. The analysis shows that Kazakhstan lacks biogas plants has only several biogas
plants. However, there is a dramatic opportunity to produce biogas if farmers who own
vast agricultural land have the potential to construct biogas plants suitable for the cold
regions. Therefore, a law should be enacted to allow farmers to keep livestock and poultry
relative to the size of their agricultural land, regardless of the purpose of the agricultural
land. Farmers with small agricultural holdings can collect or sell livestock and bird manure
if a biogas plant is built nearby. If the total potential for biogas production was exploited,
the equivalent of 2,772,380,283 kWh of energy would be obtained. The annual energy
consumption of Kazakhstan is 9423 billion kWh. Comparatively the potential energy
production from biogas would account for only 3% of the total annual energy consumption
of Kazakhstan. However, this energy would be enough to cook and to heat houses in the
remotely located villages. According to the analysis, cattle, sheep, and goat manure are
promising organic matter sources for producing biogas.
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