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Abstract— Considering the reduction of fossil energy sources, which are described as non-renewable energy, their harmful effects on the 

environment and their negative effects on human health, studies on renewable energy sources have gained momentum in the global 

sense. The issue of electricity energy production from biogas, which is one of the renewable energy sources, has become increasingly 

popular in recent years. In this study, the animal numbers of the provinces in the Eastern Anatolia Region were evaluated using the 2021 

data of the Turkish Statistical Institute and the manure, biogas and electricity energy production amounts of the provinces in the region 

were determined. Using these amounts, thematic/digital maps were prepared on the basis of provinces and evaluations were made in 

terms of quantity. When a comparison is made in terms of the amount of manure that can be produced in the provinces of the Eastern 

Anatolia region for 2021, Erzurum ranked in the first place with 3.732.151,72 ton/year and when a comparison is made in terms of the 

amount of biogas and electricity that can be produced, the province of Van is ranked in the first place with 157.888.540,72 m3/year and 

742.076.141,38 kWh/year. The amounts of manure, biogas and electricity energy that can be produced from all 14 provinces in the region 

for 2021 have been determined as 22.613.873,02 ton/year, 1.003.183.755,12 m3/year and 4.714.963.649,12 kWh/year, respectively. 

According to the data obtained from the website of the Republic of Turkey Ministry of Energy and Natural Resources, the amount of 

electricity energy used by Turkey in 2021 is 329,6 billion kWh. Considering this rate, it has been determined that the electricity energy that 

can be obtained from animal-derived biogas in the Eastern Anatolia Region can met approximately 1.45% of our country's electricity 

energy needs for 2021.  

Keywords: biogas, electricity, energy, manure, renewable, thematic maps, waste 

——————————   ◆   —————————— 

1 INTRODUCTION 

Rapid growth in the world population and technological 
developments have led to a significant increase in fossil fuel 
consumption with serious environmental effects [1, 2]. Such 
environmental impacts have also led to serious health 
problems and critical climate changes. Developing 
technology causes an increase in energy consumption need 
in direct proportion. As the welfare level of people 
increases, the amount of energy used also increases. The 
depletion of fossil fuels due to being non-renewable 
resources and their harmful effects on the environment lead 
people to renewable energy sources [4, 5]. Biogas, which is 
a renewable energy, is a gas that is formed during the 
decomposition of biomass as a result of the joint activities 
of various bacterial groups in an airless environment and 
contains predominantly methane (CH4) and carbon dioxide 
(CO2). In order to produce biogas; animal waste, vegetative 
waste, organic domestic solid waste, etc. can be used. 
Biogas can be used to produce electricity and heat energy 
[6]. There are many studies conducted abroad and in our 
country on biogas energy. 

The importance of the subject has been tried to be 
conveyed by giving information about some recent studies. 
Arshada et al. [7] conducted studies to determine the 
amount of electricity energy that can be produced from  

 
poultry waste in Pakistan. As a result of the calculations, 
they determined that 280 MWh/day electricity could be 
produced from biogas produced from poultry waste, and 
this would be a valuable renewable energy addition to the 
country's existing energy system. Ramos-Suáreza et al. [8] 
carried out studies considering that biogas production from 
the manure of animals produced on farms in the Canary 
Islands could be an additional energy source for heat 
and/or electricity production. To assess the potential biogas 
production and contribution to renewable energy 
production in the Canary Islands, calculations were 
performed using data from different livestock farms 
scattered throughout the islands. The results showed that 
animal manure as a biogas source could be associated with 
a total biogas potential of 27.1 Mm3/year with an 
equivalent installed power capacity of 6.8 MWe. 
Mohammad and Ardebili [9] carried out studies to 
determine the energy production potential by determining 
the amount of animal and vegetative waste in Iran. It has 
been determined that the total amount of agricultural waste 
is 24.3 million ton and can be evaluated as a potential raw 
material for the production of 6.542 million m3 of biogas, 
2.443 million liters of bio-butanol and 2.082 million m3 of 
biohydrogen. In addition, it has been determined that the 
biogas potential arising from livestock and slaughter wastes 
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is 11,523.84 and 16,026 million m3/year, respectively. As a 
result of the analyzes made, it has been interpreted that 
Iran's total potential for bio-electricity production from 
these organic materials corresponds to around 62,808 106 
kWh/year, which constitutes 27% of the total electricity 
consumption in the country. Caliskan and Ozdil [10] 
calculated the biogas potential produced from animal 
manure using data from various regions of Turkey between 
2007 and 2019. In addition, the production of electricity 
potential that can be provided by using biogas obtained 
from animal manure sources has been examined. It has 
been determined that Eastern Anatolia and Central 
Anatolia Regions have the highest biogas potential with a 
rate of 19% compared to other regions due to the amount of 
manure obtained from animal wastes. It has been 
determined that 76.448 × 106 m3 potential methane content 
can be obtained from the biogas for the mentioned years 
and a heating value of 2.339.296 × 106 MJ can be obtained 
from this methane value. Aksay and Tabak [11] conducted 
a study to evaluate the biogas potential of animal manure 
and agricultural wastes in Turkey. In the study, results such 
as the amount of animal manure and agricultural waste, 
biogas potential, electricity production from biogas were 
mapped for 12 regions and 81 provinces. According to the 
results, it has been determined that Turkey's total 
collectable manure, agricultural waste and biogas potential 
was 176 million ton, 17 million ton and 17 billion m3 per 
year, respectively. Studies of many different researchers can 
be added to these summarized studies. 

The energy issue, whose importance is increasing day by 
day, has become more important especially with the 
COVID-19 pandemic that emerged in 2019. Researchers are 
trying all kinds of ways to obtain energy. In this study, the 
biogas and electricity energy production amounts of the 
Eastern Anatolia Region for 2021 were evaluated using the 
data obtained from the Turkish Statistical Institute. The 
amount of electricity energy that can be produced and how 
much of our country's energy needs can be met were also 
discussed. 

 

2 MATERIAL AND METHOD 

The amount of animal waste (bovine, ovine and poultry) 
was determined by choosing the Eastern Anatolia Region, 
which is one of the 7 regions of Turkey, and the data 
obtained by switching to the amount of energy production 
(manure, biogas and electricity amount) were supported by 
thematic/digital maps. The study area consists of 14 
provinces in total. The study area is shown on the thematic 
map with population data for 2021 [12] (Figure 1). 

 

 

Fig. 1. Study area and population data of provinces (2021) 

 
The numbers of bovine, ovine and poultry in the 

provinces of the Eastern Anatolia Region obtained from the 
Turkish Statistical Institute (TSI) 2021 data are given in 
Table 1. 

 
Table 1. Animal numbers of the provinces in the Eastern Anatolia 

Region [13] 
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In the calculations, the annual average amount of 
manure, the amount of biogas produced from 1 ton of 
animal manure and the amount of electricity produced 
from 1 m³ of biogas are given in Table 2. 

 
Table 2. Amount of manure, biogas and energy by animal breed [14] 

 
 

The following equations were used to calculate the 
amount of manure, biogas production and electricity 
production [15]. 

 
AWA: Annual Waste 
Amount (ton/year) 

AWA = 
NA*APAPA 

(1) 
 

ABA: Annual Biogas 
Amount (m³/year) 

ABA = 
AWA*BCR 

(2) 
 

AEA: Annual 
Electricity Amount 
(kWh/year) 

AEA = ABA*EER (3) 

 
NA: Number of Animals, APAPA: Annual Production 

Amount Per Animal, AWA: Annual Waste Amount, BCR: 
Biogas Conversion Rate, EER: Energy Exchange Rate. 
 

Calculations made are shown with tables and 
thematic/digital maps. Excel 10 program was used to make 
the calculations, and the Mapinfo Pro program was used to 
create the thematic/digital maps. 
 

3 RESULTS AND DISCUSSION 

3.1 Obtainable Manure Amounts and Thematic / 
Digital Maps 

In this study conducted to determine the biogas and 
electricity energy potential of the Eastern Anatolia Region, 
for 2021; it has been determined that a total of 12.986.431,20 
ton/year manure can be obtained from bovine animals, 
9.627.872,10 ton/year from ovine animals and 360.647,90 
ton/year from poultry. It has been determined that a total 
of 22.613.873,02 ton/year of manure can be obtained from 
all the numbers of bovine, ovine and poultry in the Eastern 
Anatolia Region (Table 3). 

 
 
 
 
 
 
 

Table 3. The amount of manure that can be obtained from the 
provinces in the Eastern Anatolia Region (ton/year) (2021) 

 

 
3.2 Obtainable Biogas Amounts and Thematic/Digital 

Maps 

For 2021, it has been determined that a total of 
416.636.637,12 m3/year biogas can be obtained from bovine 
animals, 558.416.581,80 m3/year from ovine animals and 
28.130.536,20 m3/year from poultry animals. It has been 
determined that a total of 1.003.183.755,12 m3/year biogas 
can be obtained from all the numbers of bovine, ovine and 
poultry animals in the Eastern Anatolia Region. In addition, 
the percentages of biogas amounts that can be produced on 
the basis of provinces are also calculated and shown (Table 
4). 
 
Table 4. Biogas amounts that can be obtained from the provinces in the 

Eastern Anatolia Region (m3/year) (2021) 

 
 

The numerical ranges of biogas amounts that can be 
obtained from bovine animals are shown on the 
thematic/digital map as in Figure 2. 
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Fig. 2. Amount of biogas that can be obtained from bovine animals 
(m3/year) 

 
The numerical ranges of biogas amounts that can be 

obtained from ovine animals are shown on the 
thematic/digital map as in Figure 3. 

 

 

Fig. 3. Amount of biogas that can be obtained from ovine animals 
(m3/year) 

 
The numerical ranges of biogas amounts that can be 

obtained from poultry animals are shown on the 
thematic/digital map as in Figure 4. 
 

 

Fig. 4. Amount of biogas that can be obtained from poultry animals 
(m3/year) 

 

3.3 Obtainable Electricity Energy Amounts and 
Thematic/Digital Maps 

For 2021, it has been determined that a total of 
1.958.192.194,50 kWh/year electricity energy can be 
obtained from bovine animals, 2.624.557.934,48 kWh/year 
from ovine animals and 132.213.520,14 kWh/year from 
poultry animals. It has been determined that a total of 
4.714.963.649,12 kWh/year electricity energy can be 
obtained from all the numbers of bovine, ovine and poultry 
animals in the Eastern Anatolia Region. In addition, the 
percentages of electricity energy that can be produced on 
the basis of provinces are also calculated and shown (Table 
5). 

 
Table 5. The amount of electricity that can be obtained from the 

provinces in the Eastern Anatolia Region (kWh/year) (2021) 
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Fig. 5. Percentages of electricity energy amounts that can be produced 

 
The numerical ranges of electricity energy amounts that 

can be obtained from bovine animals are shown on the 
thematic/digital map as in Figure 6. 

 

 

Fig. 6. Amount of electricity energy that can be obtained from bovine 
animals (kWh/year) 

 
The numerical ranges of electricity energy amounts that 

can be obtained from ovine animals are shown on the 
thematic/digital map as in Figure 7. 

 

 

Fig. 7. Amount of electricity energy that can be obtained from ovine 
animals (kWh/year) 

 

The numerical ranges of electricity energy amounts that 
can be obtained from poultry animals are shown on the 
thematic/digital map as in Figure 8. 

 
 

Fig. 8. Amount of electricity energy that can be obtained from poultry 
animals (kWh/year) 

 

4 CONCLUSIONS 

Population growth, globalization and developments in 
technology have led to an increase in energy needs and the 
search for renewable energy sources has accelerated on a 
global scale. The issue of electricity energy production from 
biogas, which is one of these sources, has recently come to 
an important point. Considering this situation, various 
studies are carried out and efforts are made to contribute to 
energy production. In this study, calculations of the amount 
of manure, biogas and electricity energy that can be 
produced based on the animal numbers of the Eastern 
Anatolia Region were made and numerical/thematic maps 
were prepared in line with the results obtained. The main 
purpose of the study was to determine the amount of 
electricity energy that can be produced from the biogas 
potential, which is considered as a renewable energy 
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source. In this direction, calculations were made using the 
animal numbers data of the provinces of the Eastern 
Anatolia Region obtained from the Turkish Statistical 
Institute. 

As a result of all the calculations, it has been determined 
that 4.714.963.649,12 kWh of electricity energy can be 
produced from animal manures in the Eastern Anatolia 
Region for 2021. According to the data of the Republic of 
Turkey Ministry of Energy and Natural Resources [16], the 
total electricity energy consumed by our country in 2021 is 
329.6 billion kWh. In this case, it can be said that the 
electricity energy that can be obtained from biogas of 
animal derived in the Eastern Anatolia Region can meet 
1.45% of the electricity energy need of our country. In 
addition, it is possible to obtain plant-based bioenergy in 
the Eastern Anatolia Region. This factor should be taken 
into account in future studies. In this way, the amount of 
energy that can be produced will also increase. 
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