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Кроме того, интеграция солнечных коллекторов в систему энергоснабжения здания 

обеспечит дополнительное сокращение затрат на горячее водоснабжение и отопление, что 

особенно актуально для регионов с выраженной сезонностью климатических условий. 

Внедрение таких технологий соответствует мировым тенденциям в области 

энергосбережения и способствует достижению стратегических целей по декарбонизации и 

устойчивому развитию. 
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Biogas is a gaseous mixture formed during the biological decomposition of organic 

materials, such as plant and animal waste. The main components of biogas are methane (50–70%) 

and carbon dioxide (30–50%), with the possible presence of other gases such as nitrogen, hydrogen, 

hydrogen sulfide, and oxygen. In recent years, the biogas industry has been rapidly developing 

worldwide. Notably, in Europe, the production of biogas and biomethane has reached significant 

volumes and continues to grow. According to forecasts, by 2030, biogas and biomethane production 

volumes may double, reaching 35–45 billion cubic meters, and by 2050, production is expected to 

grow to 167 billion cubic meters, accounting for up to 40% of the European Union's gas 

consumption at the 2021 level [6]. 

The growth of biogas production significantly contributes to an increase in employment in 

this sector. According to forecasts, around 460,000 people will be employed in the biogas industry 

https://www.iea.org/news/air-conditioning-use-emerges-as-one-of-the-key-drivers-of-global-electricity-demand-growth
https://www.iea.org/news/air-conditioning-use-emerges-as-one-of-the-key-drivers-of-global-electricity-demand-growth
mailto:omar.mirza1908@gmail.com
mailto:sakipov_kye@enu.kz
mailto:sher@ftf.tsu.ru


482 

 

by 2030, and this number is expected to exceed 1 million by 2050. This factor serves as an 

important driver for further development of the biogas industry and attracting investments in this 

sector [1]. In China, over 30 million households use biogas plants to convert organic waste into 

clean fuel. Biogas in China accounts for approximately 1.2% of the total energy consumption, 

replacing biomass and fossil fuels traditionally used for cooking in rural areas [2, 5, 7]. 

Currently, there are more than 2,300 biogas production facilities operating across all 50 

states in the United States. These include 332 anaerobic digesters located on farms, 1,269 water 

resource recovery facilities using anaerobic digesters, 66 standalone systems for processing food 

waste, and 645 projects based on landfill gas recovery. These facilities represent a significant 

contribution to building a sustainable future and promote more efficient resource utilization. 

The United States has significant potential for further development of the biogas industry, 

with more than 15,000 prospective sites for biogas production. These potential sites include 8,600 

dairy, poultry, and swine farms, 4,000 water resource recovery facilities, 2,000 specialized food 

waste processing systems, and 470 landfills for gas recovery. If fully implemented, these biogas 

systems could generate 103 trillion kilowatt-hours of electricity annually and reduce emissions 

equivalent to taking 117 million passenger vehicles off the road. The construction of new biogas 

facilities could attract $45 billion in capital investment, create approximately 374,000 temporary 

construction jobs, and provide 25,000 permanent jobs for ongoing operations [3]. 

Kazakhstan is among the countries with a high energy-intensive economy, where natural 

resources have been used inefficiently for a long time. Currently, the Republic of Kazakhstan is 

striving to "green" its economy. However, achieving these goals requires improving the regulatory 

framework to limit emissions, increasing the use of renewable energy sources, and enhancing 

energy efficiency. Priority areas also include modernizing housing and utilities infrastructure and 

developing related infrastructure. To achieve these objectives, it is crucial to improve conditions for 

attracting private investors while focusing on the development of more targeted environmental 

measures. According to the "Strategy for Achieving Carbon Neutrality of the Republic of 

Kazakhstan by 2060," approved by Presidential Decree No. 121 on February 2, 2023 [4], bioenergy 

plays a key role in transitioning to environmentally sustainable development models. As part of this 

strategy, Kazakhstan plans to utilize bioenergy for renewable energy production, leveraging the 

country's significant potential for producing biogas, biomass, and biofuels. To increase bioenergy 

production, the country aims to develop agriculture, including expanding the cultivation of crops 

such as sugar beets and wheat. Additionally, Kazakhstan plans to ramp up biogas production from 

agricultural and food industry waste. The development of bioenergy in Kazakhstan contributes to 

reducing the use of fossil fuels and lowering greenhouse gas emissions. Furthermore, bioenergy 

stimulates rural development, creates new jobs, and improves the environmental situation in various 

regions. Thus, bioenergy is a vital component of Kazakhstan's strategy for achieving carbon 

neutrality by 2060, enabling the country to reduce its dependence on fossil energy sources and 

transition to cleaner, more sustainable energy solutions. 

Currently, the main areas of livestock development in Kazakhstan include increasing animal 

productivity, implementing modern technologies and methods of feeding and care, improving the 

genetic potential of livestock, and boosting the export volumes of livestock products. In recent 

years, the government of Kazakhstan has been actively supporting the development of the sector by 

taking measures to enhance livestock quality, introduce innovative technologies, and strengthen 

export potential. Special attention is being given to the breeding of dairy cattle and sheep for the 

production of high-quality dairy and wool products. Tables 1 and 2 provide information on biogas 

production and methane yield from the main substrates used in livestock farming [1]. 

 

Table 1. Biogas Production from Selected Livestock Substrates 

Substrate Dry Matter (%) Biogas Yield 

(m³/kg) 

Methane Content (%) Methane Yield 

(m³ CH₄/kg) 

Cow manure 8-17 0,2–0,3  70-80 0,25-0,35 

Chicken manure 25 0,35–0,8  60-80 0,3-0,35 



483 

 

Pig manure 8-17 3,6–4,8  70-80 0,25-0,35 

 

At the same time, Kazakhstan is favorably positioned for agriculture due to its land 

resources and climatic conditions. The country cultivates a variety of agricultural crops, including 

grains, oilseeds, vegetables, forage crops, and other crops. Alongside these, Kazakhstan also 

produces and harvests straw. This biomass is a byproduct of harvesting grain crops such as wheat, 

barley, oats, and rye. As one of the world's largest grain producers, Kazakhstan also generates 

substantial volumes of straw [9]. Consequently, this biomass can be considered a potential substrate 

for biogas production. 

 

Table 2. Biogas Production from Selected Crop Substrates 

Substrate Dry Matter (%) Biogas Yield 

(m³/kg) 

Methane 

Content (%) 

Methane Yield 

(m³ CH₄/kg) 

Sugar beet 19-22 0,39–0,76  53 0,23-0,38 

Wheat 88.9  0,65–0,7  54 - 

Straw 80 0,35–0,40 54 0.2-0.25 

 

The data presented in Tables 1 and 2 show that pig manure is the most efficient substrate for 

biogas production. However, it should be noted that the Republic of Kazakhstan is predominantly 

Muslim, which significantly influences agricultural activities in the country. Due to religious beliefs 

associated with Islam, pig farming is maintained at a minimal level. 

 

 
Figure 1 - Livestock and Poultry Population as of January 1, 2023 (thousands of heads) [10] 

 
 

Figure 2 - Distribution of Livestock Across Regions of Kazakhstan [11] 

 

According to the 2021 census, the average proportion of Islam adherents among the urban 

population of Kazakhstan is 69.3%. This figure varies significantly across regions, ranging from 

93.9% in Kyzylorda Region and 91.8% in Turkestan Region to 34.7% and 35.7% in urban areas of 
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North Kazakhstan (NKR) and Kostanay Regions, respectively. These latter two regions also record 

the highest percentage of Christians among urban residents–59.8% and 44.8%, respectively–while 

the national average for Christians in urban areas is just 17.2% of the total population. 

 

 
Figure 3 - Population in the Republic of Kazakhstan by Religious Affiliation [12] 

 

To address the fact that pig farms are predominantly located in Northern Kazakhstan (Figure 

2), there is a need to explore alternative potential sources of biogas. In this context, the focus shifts 

toward increasing biogas production from other substrates. A viable solution for improving the 

efficiency of biogas plants involves combining various substrates in specific proportions. Table 3 

[15] provides theoretical methane yield potentials when using multiple substrates. 

 

Table 3. Theoretical Methane Yield from Mixed Substrates 

Substrates Mix Ratio Methane Yield (m³ CH4/kg) 

Cow manure + straw 70:30 0,26 

Cow manure + fodder beet silage 80:20 0,42 

 

The additional use of peat in combination with cow manure can enhance biogas production. 

Cow manure, like other types of manure, is a rich source of organic matter necessary for biogas 

production. However, the quality and quantity of biogas obtained from cow manure can be 

improved by adding peat. Peat is a natural material consisting of decomposed plant residues and has 

a high organic content. Adding peat to the mixture with cow manure can increase the concentration 

of volatile fatty acids, improve the biological degradation of organic matter, and boost biogas yield 

[8, 13, 14, 15]. 

Bioenergy holds significant potential for development in the Republic of Kazakhstan. 

Existing waste, such as agricultural residues, livestock waste, food waste, and food industry by-

products, can serve as raw materials for biogas production. Biogas plants can become an effective 

tool for addressing waste disposal issues and reducing greenhouse gas emissions. To successfully 

realize the potential of the biogas industry in Kazakhstan, it is essential to focus on developing 

infrastructure, including the creation of waste collection systems and the advancement of new 

biogas production technologies. Additionally, raising public awareness about the benefits and 

opportunities of biogas installations is crucial. This effort requires improving bioenergy legislation 

and creating favorable conditions for investment in the sector. Through these measures, biogas 

production can contribute to Kazakhstan's transition toward a greener and more sustainable 

economy. 
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