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Abstract: Continuous growth in global energy demand, depletion of fossil resources and climate change 

concerns associated with fossil fuel combustion have increased the motivation on utilization of 

renewable energy sources. Utilization of renewable sources is vital in Turkey as the country 

highly depends on imported energy. Biogas is a renewable energy resource produced from 

decomposing organic waste under anaerobic conditions. Production of biogas from organic 

wastes such as animal manure is advantageous to contribute renewable energy production and 

waste management strategies for health and environmental protection. In this study, the animal 

manure based biogas energy potential of the Mediterranean Region of Turkey is determined. The 

region is composed of eight provinces including Antalya, Burdur, Isparta, Mersin, Adana, Hatay, 

Osmaniye and Kahramanmaraş. The results revealed that Mediterranean Region has 183 Mm3 

annual biogas potential corresponding to 0.08 MTOE/year energy generation capacity. Co-

digestion of agricultural residues can contribute to about 0.208 MTOE/year energy generation. It 

is determined that biogas production can contribute reduction of carbon footprint by 1.7 million 

tons of annual CO2 emissions. Mersin Province has shown the highest biogas potential in the 

region. 
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1. INTRODUCTION 

 

The global demand for energy has been steadily increasing in the last decades due to rapid growth in 

population, industrialization and improvement of technology. Energy security, economic growth, 

environmental protection are the main drivers of national energy policies in any country of the world 

today to achieve sustainable development. Anthropogenic emissions result in environmental pollution 

leading to climate change. To reduce the adverse effects of fossil fuel combustion, integration of 

renewable energy systems has been increasing in both number and capacity. Biomass is one of the 

promising alternatives of renewable energy to meet future energy demand and to reduce greenhouse gas 

emissions [1-6]. According to the International Energy Agency’s (IEA) World Energy Outlook 2015 

(WEO 2015) the share of biomass accounts for 14 % in the world global energy mix and expected to 

rise in foreseeable future.  

Wastes from agriculture, livestock, urban and industry have adverse environmental and health effects. 

These wastes become the main emitters of non-carbon dioxide greenhouse gases (methane and nitrous 

oxide) if they are not carefully disposed [7,8]. Anaerobic digestion is one of the favorable biomass 

conversion technologies to convert organic wastes into renewable energy and to effectively mitigate the 

greenhouse gas emissions. Application of anaerobic digestion for biogas production is a widespread 

bioenergy production route due to its robust design configurations serving for multiple purposes [9, 10]. 

Biogas produced from anaerobic digestion process is mainly composed of methane (35-75 %), carbon 

dioxide (25-65 %), hydrogen (1-5 %). Bio-methane in biogas is a valuable energy carrier similar to 

natural gas [11, 12]. Hence, biogas could be a potential energy source for heat and electricity production 

for the foreseeable future. Moreover, during anaerobic digestion of waste materials organic fertilizer 

with high quality is produced as biogas plant residue.  

Animal manure is one of the favorable feedstock for biogas production. The conversion of animal waste 

to biogas through anaerobic digestion (AD) processes is advantageous owing to prevention of waste 

problems, unpleasant odors and microbial pathogens in livestock farms, production of renewable energy, 

and production of organic fertilizers compared to conventional manure management solutions. When 

manure is co-digested with the agro-residues, the production yield can further be promoted [13-15].  

Biogas is predicted to have an important role for achieving energy targets of European Union due to its 

flexibility and storability of bio-methane as an energy carrier and having a wide range of applications 

such as heating, transportation and electricity production. European Union (EU) has set out policy 

targets for climate and energy as 40% reduction in greenhouse gas emissions in compared to 1990 levels, 

27 % share of renewable energy in installed capacity and at least 27% energy savings compared with 

the business-as-usual scenario [16]. The feedstock of biogas sector should be carefully considered in 

order to ensure sustainable biogas production and reduce its potential impacts on the environment, nature 

and climate, and current food and biomaterial production chains [17]. 

According to Intended Nationally Determined Contribution covering the period 2012-2030 [18], Turkey 

aims to contribute to the collective efforts to combat climate change in line with its national 

circumstances and capabilities. The greenhouse gas inventory of the year 2012 revealed that the total 

emissions in 2012 expressed in CO2 equivalent were 440 million tons in Turkey. The energy sector had 

the largest share with 70.2 % followed by Industrial processes with 14.3 %, waste sector with 8.2% and 

agricultural sector with 7.3 %. Reduction in total greenhouse gas emissions set out to reduce up to 21% 

by 2030 with the improvements in energy, industrial processes and products use, agriculture, land use 

land-use change and forestry, and the waste utilization sectors. Turkey has also announced a reduction 

in greenhouse gas emissions from 1175 to 929 million ton CO2 equal in 2030 in The Tenth Development 

Plan (2014-2018) by pointing out the prior actions to address the issues of climate change and 

environmental pollution, with regard to solid waste disposal and recycling [19]. In order to fulfill these 
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obligations and prevent the adverse environmental impact of fossil fuels on climate change, Turkey 

needs to utilize indigenous sources and produce renewable energy. 

Agricultural activities and livestock farming has high economic value in Turkey. The abundancy of 

agricultural residues and livestock manure signify their potential for biogas production. The total 

livestock biogas potential of Turkey is originated from 68% cattle, 5% small ruminant and 27% poultry 

[20]. In this study livestock manure based biogas potential is determined for Mediterranean Region of 

Turkey which occupies the entire southern coast of Turkey. The climate of the region is characterized 

by rainy winters and hot, dry summers at the coast and cold, snowy winters and hot, dry summers in the 

interior. The agricultural activities especially greenhouse sector and livestock farming have great 

contribution to the economy of the region due to fertile lands and warm climate. Although there are a 

few studies for estimating the biogas potential of different waste materials in Turkey in the last decade 

[21-23], there are no studies available for biogas status of Mediterranean Region. Therefore, this study 

attempts to identify the biogas potential of cities in the Mediterranean Region of Turkey considering 

livestock manure capacity using the most recent data to assess the utilization of these waste in terms of 

energy generation, electricity generation capacity, organic fertilizer production, greenhouse gas 

emission reduction and health benefits from biogas operations. In addition, the total biogas potential of 

the region from co-digestion of animal waste and agro residues has also been evaluated. 

 

2. MATERIALS AND METHODS 

 

In this study, the animal manure based biogas production potential of the eight cities (Antalya, Burdur, 

Isparta, Mersin, Adana, Hatay, Osmaniye and Kahramanmaraş) located in Mediterranean Region of 

Turkey and the total theoretical biogas potential of the region based on animal manure, MSW and 

forestry residues have determined. Energy and electricity equivalence of the biogas potential, and the 

amount of organic fertilizer that could be produced from the residue of the biogas production plant 

production have also been determined. The total number of cattle, small ruminant (sheep and goat) and 

poultry are provided from General Directorate of Renewable Energy, Turkey [24]. The distribution of 

number of animals is presented in Table 1. The number of animals were used to calculate the amount of 

manure potential for the provinces in the region. Several factors influence the amount of daily animal 

manure and cumulative biogas potential in the livestock operations. Type of the animal, feeding regime, 

body weight, total solids ratio (TS), volatile solids ratio (VTS), the availability ratio of waste and biogas 

yield have high impact on the waste potential from animals. Availability of waste must be taken into 

account in determining the biogas production potential from animal waste. While availability of the 

poultry manure is very high, cattle manure can be collected in less amount and for small ruminant, the 

availability of the manure is much lower due to the restricted stay of the animals in the shelter. In Table 

2, typical waste characteristics of the livestock are presented. 

Table 1. Livestock and poultry population in Mediterranean Region of Turkey in year 2018.   

Province Cattle Small Ruminant Poultry 

Adana 216,358 638,280 4,221,371 

Antalya 160,946 1141,951 511,860 

Burdur 233,677 393,778 171,558 

Hatay 124,504 332,005 1,022,445 

Isparta 147,788 466,436 421,582 

Mersin  101,833 1295,313 17,939,270 

Osmaniye 65,371 190,307 600,177 

Kahramanmaraş 178,194 659,267 1,135,957 
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Table 2. Waste Characteristics by type of animals [22, 23] 

Animal Type Manure (kg/day) TS % VTS %  Availability % Biogas Yield l/kg VTS 

Cattle 10-25 10-20 75-85 50-65 100-300  

Small Ruminant 2-4 25-30 70-80 5-13 10-50 

Poultry 0.05-0.1 40-60 60-80 95-99 300-500 

Theoretical biogas generated from the manure is calculated as follows: 

𝑇𝐵𝑃 = 𝑀 × 𝑇𝑆 × 𝑉𝑇𝑆 × 𝐴𝐶 × 𝐸𝐵𝑉𝑇𝑆 (1) 

where TPB denotes the theoretical potential of biogas (m3/year), M is the total amount of the manure 

produced for each city (kg/year) TS represents the ratio of the total solids of the animal manure, VTS 

represents the ratio of the volatiles in total solids of the animal manure, AC denotes the availability % 

and EBVTS is the quantity of estimated biogas produced per kg of the volatile total solids (l/kg VTS). 

The amount of energy produced from bio-methane (kWh/year) is calculated based on Equation 2; 

𝐸𝑀 = 𝑇𝐵𝑃 ∗ 𝑀𝑝 ∗ 𝐸𝐶𝐻4
 (2) 

MP represents the methane production ratio of biogas %, ECH4 is the energy content of methane, 36 

MJ/m3 CH4 [25] 

Electricity generation from bio-methane is calculated from Equation 3; 

𝐸𝑀𝑒 = 𝐸𝑀 ∗  𝑒 (3) 

e denotes electricity conversion of bio-methane energy depending on the power generation plant 

(30-40 %) [26]. 

The fermentation process reduces the organic dry matter content of original material to 24–80% [27]. 

Co-digestion of animal manure with agricultural residues can utilize the nutrients and bacterial 

diversities in various wastes to optimize the digestion process and results in higher methane yield 

compared with anaerobic digestion of cattle manure alone [28]. Agro-residues in Mediterranean Region 

accounts for approximately 13.6 Mtons/year [24]. In order to obtain the biogas potential of the Region 

agricultural residues have also considered together with animal manure potential. The biogas yield of 

the agricultural residues changes within a wide range from 123 l/kg VTS (banana stalk and leaves) to 

344 l/kg VTS (cotton residue) [29, 30]. 

 

3. RESULTS and DISCUSSION 

 

The potential of biogas from livestock manure was calculated for all provinces of Mediterranean Region 

of Turkey. The amount of wet waste production by cattle, small ruminant and poultry in the region 

according to the data recorded in 2018 is shown in Figure 1. As can be seen from the figure, the 

maximum amount of manure was produced in Mersin province. It is obvious that poultry made 
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significant contribution to production of manure in Mersin. It could be attributed to the augmentation of 

poultry industry in Mersin. Among the farm animals, cattle have shown to have the highest manure 

production with 6.3 Mton/year in the region. Among the farm animals, cattle manure exhibited higher 

quantity of biogas production potential compared to that from small ruminant. Estimated biogas 

potential from animal manure is shown in Figure 2. Animal manure potentially obtained from the farm 

animals in the Region have about 186 Million m3 of annual biogas production capacity. This indicates 

that animal manure could be efficiently managed for further processing in the biogas plants for 

renewable energy production and environmental protection. 

 
Figure 1. Theoretical and available animal manure potential in Mediterranean Region of Turkey. 

 

 
Figure 2. Biogas Potential of the Provinces in Mediterranean Region of Turkey 

Energy potential of the livestock manure in the Region is shown in Figure 3. The figure reveals that 

Mersin Province has highest energy generating capacity followed by Adana and Burdur. Total energy 

equivalence of the biogas energy potential from animal manure has estimated as 0.08 MTOE/year. It is 

known that co-digestion of livestock manure with agricultural crop residues can enhance methane yield 

during fermentation. Cow manure co-digested with 30 % of agricultural crops resulted in 16 % increase 

in methane gas production [31]. In Mediterranean Region co-utilization of agro-residues has estimated 

to increase the energy generation potential at about 0.208 MTOE/year. 
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The results of this study revealed that significant part of the Region electricity generation could be met 

by biogas energy. The use of manure-derived biogas in the region corresponds to approximately 91.7 

Mm3 of natural gas consumption. Hence, biogas generation from animal waste can have positive impact 

to Turkish Economy in terms of reducing the amount of imported natural gas. The electricity generation 

capacity from animal manure in the Region has estimated as 334 GWe/year. The distribution of the 

electricity generation potential has demonstrated in Figure 4. 

 
Figure 3. Energy equivalence of biogas potential from animal manure in Mediterranean Region of Turkey. 

 

 
Figure 4. Share of the provinces in electricity generation potential from animal manure in Mediterranean 

Region of Turkey. 
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Figure 5: The amount of organic fertilizer production potential 

The agricultural sector and livestock farming sector is a major contributor to Turkish economy. 

Livestock manure is one of the major contributors to environmental problems due to methane generated 

from untreated waste. In addition, the discharge of the untreated livestock waste contaminates the 

environment with high levels of pathogens, endangering the human and animal health. To meet the 

demand for energy and a healthy environment it is necessary to progressively adopt the environmentally 

friendly waste conversion practices. By the utilization of animal manure for biogas production 1.7 

Mton/year CO2 emission can be achieved in the region. 

Anaerobic digestion of animal waste converts a major part of organic nitrogen to ammonia, which is 

then directly available to plants as a nitrogen source [32]. In addition to nitrogen, the digested residue 

as a fertilizer could be used as phosphorus source. Therefore, the residual of the biogas production plant 

offers an attractive alternative to commonly used mineral fertilizers. The amount of organic fertilizer 

production from anaerobic digestion of animal manure in Mediterranean Region is shown in Figure 5. 

The region has about 0.3 Mtons of annual organic fertilizer production potential. 

 

4. CONCLUSION 

 

Energy resource concerns and the need for mitigation of environmental impacts associated with energy 

generation from fossil fuels have increased the deployment of renewable energy. Biogas production 

from animal waste offers waste management solutions and sustainability of energy sources. In this study 

the livestock manure potential of Mediterranean Region of Turkey was examined. Cattle manure, small 

ruminants and poultry manure potentials are assessed for energy and organic fertilizer production. 

Contribution of agricultural residues to biogas potential in the region has also considered. The estimated 

biogas potential from animal manure in the region corresponds to annual 0.08 MTOE energy generation. 

Co-digestion of agricultural residues can contribute energy generation of about 0.208 MTOE. Mersin 

Province has shown the highest biogas potential in the region.    Biogas production from livestock 

manure in Mediterranean Region can reduce annual CO2 emission by 1.7 Mtons and contributes to global 

climate combat. In conclusion, biogas produced from livestock manure could be one of the significant 

sources of renewable energy production in Turkey. 
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