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ABSTRACT

Sustainable development depends on the availability of energy resources and their impact on environment. Biogas is a carbon
neutral renewable energy option and one of the leading solutions to the climate change combat. As Turkey is an energy importer
country, using indigenous energy sources is vital to meet future energy demand. Agricultural activities and livestock potential have
high contribution to economy in Turkey. Biogas production from organic wastes such as livestock manure in this context, gain
more importance to contribute both renewable energy production and waste management strategies. Livestock farming has
important economic value in Burdur. In this regard, the animal manure based biogas potential, energy value, electricity and organic
fertilizer generation capacity of Burdur Province were determined in this study. The results revealed that Burdur has annually 1.45
million tons of available animal manure potential to be used for biogas production of 27.1 million m3year. This potential
corresponds to 135.4 GWh annual energy generation that could be converted to heat and electricity. Considerable amount of the
biogas production capacity has accumulated in the Center and, Bucak, Yesilova, Golhisar and Karamanh districts of Burdur. In
addition, about 50776 tons/year of organic fertilizer can be produced as the residual of the biogas plants.
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1. INTRODUCTION

Progressive depletion of world fossil fuel reserves, increase in global energy demand and the negative
environmental impacts of fossil fuel combustion have led to a shift toward renewable energy
alternatives. Especially, the fluctuations in energy prices have highly motivated countries to search for
renewable energy solutions. Among the renewables, biomass is the only energy source which can deliver
electricity, provide heating, cooling and used as fuel in solid, liquid and gaseous forms [1]. Biomass has
attracted more attention in recent years as a low risk and capital required renewable energy source [2-
5]. Biomass refers to carbonaceous materials derived from agricultural crops, forestry, agro-industrial
and domestic wastes. It is ranged as the fourth primary energy source after coal, oil and natural gas [6].
The share of biomass accounts for 14 % in the world global energy mix [7].

Several energy conversion methods such as gasification, pyrolysis, combustion, anaerobic digestion,
etc. have been developed in field of biomass energy [8-10]. Anaerobic Digestion (AD) which is defined
as the biochemical degradation of organic material has become as one of the most favorable renewable
energy pathway for utilization of biomass [11]. Biogas is produced from anaerobic digestion of organic
materials such as urban, industrial, livestock and agricultural wastes. Biogas is a colorless and odorless
flammable gas. Typical biogas characteristics is shown in Table 1. It mainly consists of methane, carbon
dioxide and hydrogen as well as particulates and contaminants with trace amounts [12].
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Table 1. Biogas composition [12-14]

Components Share, %
CHa 50-70
CO2 25-50
N2 0-10
H2 0-0.1
H2S 0-0.3
02 0-0.2
Calorific Value 21-24 MJ/m3

Biogas can be directly combusted and converted to heat and/or electricity or can be upgraded to pure
methane so called as renewable natural gas or bio-methane by purification of water, carbon dioxide,
hydrogen sulfide, and other trace contaminants. Hence, being a similar energy carrier to natural gas,
biogas can be connected to the gas network [15].

The anaerobic digestion of organic wastes is an alternative treatment method with significant advantages
over other processes, such as waste management, environmental protection and power generation from
biogas [16]. Manure waste from livestock farming is recognized as a cost-effective feedstock for biogas
production. Besides green energy production, utilization of manure through anaerobic digestion
provides prevention from unpleasant odors and microbial pathogens, production of nutrient rich organic
fertilizers and reduction of non-carbon dioxide greenhouse gas emissions such as methane and nitrous
oxide in comparison with the conventional manure management strategies [17, 18].

Many factors influence stability and biogas yield of anaerobic digestion process of livestock manure
such as pH, process temperature, retention time in the reactor, etc. Mesophilic anaerobic digestors
ideally work at neutral pH and temperature at around 30-40 °C. Carbon to nitrogen ratio (C/N) of the
feedstock is also an important factor. It is suggested that C/N ratio in the range of 14-20 is acceptable
for anaerobic digestion process [19-20]. Co-digestion with different organic materials could help to
provide optimum ratio [21].

The production of biogas from anaerobic digestion is of growing interest in many countries to reduce
greenhouse emission reduction. In Europe, biogas is predicted to play an important role in achieving
energy policy targets of the European Union (EU) for year 2050. Germany is the leading country in
biogas production, corresponding to 50 % of the total production in Europe [22]. In Turkey’s Intended
Nationally Determined Contribution [23], covering the period 2012-2030, it is stated total greenhouse
gas emissions will be reduced up to 21% by 2030 with the improvements in energy, industrial processes
and products use, agriculture, land use, land-use change and forestry, and waste sectors. Turkey has also
announced a reduction in greenhouse gas emissions from 1175 to 929 million ton CO2equal in 2030 in
The Tenth Development Plan (2014-2018) [24] by pointing out the prior actions to address the issues of
climate change and environmental pollution, with regard to solid waste disposal and recycling.
Renewable energy infrastructure investments for waste disposal (biogas, biomass and MSW
combustion, heat recovery) will be encouraged with financial support mechanisms for energy
companies, collective housing administrations and municipalities. In Turkey, the installed capacity of
biomass based power plants are about 0.63 GW [25]. The highest capacity biogas plants are presented
in Table 2.
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Table 2. The highest capacity biogas power plants in Turkey [26]

Company Province Installed capacity, MW
Odayeri Biogas Power Plant Istanbul 34
Mamak Garbage Biogas Power Plant Ankara 25
Cadirtepe Biomass Power Plant Ankara 23
Sofulu Garbage Biogas Power Plant Adana 16
Komiirciioda Garbage Biogas Power Plant Istanbul 14
Basfas Fertilizer Biogas Power Plant Balikesir 9.92
Hamitler Garbage Biogas Power Plant Bursa 9.80
Avdan Biogas Power Plant Samsun 6
Modern Biomass Energy Power Plant Tekirdag 6
Afyon Energy Biogas Power Plant Afyonkarahisar 4

In order to fulfill the carbon dioxide reduction obligations and prevent the adverse environmental
impacts of wastes, indigenous sources shall be utilized to produce renewable energy in Turkey. In this
manner assessing the potential of available resources gain importance in order to contribute alternative
electricity production from animal manure and waste management efforts. In many countries biogas
potential estimation studies have carried out for various type of animal wastes [27-29].

In Turkey, livestock farming has high economic value signifying high animal manure potential for
biogas production. The total livestock biogas potential of Turkey is originated from 68% cattle, 5%
small ruminant and 27% poultry [30]. In this study, animal manure based biogas potential is determined
for Burdur Province. Burdur is located in the West Mediterranean Region of Turkey. Burdur province
has total land area of 717500 hectares and its ranked 48th in terms of land size in Turkey. The city has
interior Mediterranean climate which is usually characterized by cold, snowy winters and hot, dry
summers. The livestock farming has high contribution to economy of the city. Collection, storage and
disposal of animal manure are the major problems of local livestock farmers in Burdur. Manure storage
and handling systems are essential for manure management. Distributed allocation and high number of
small capacity livestock farms and also lack of manure storage tanks harden the utilization of these
wastes. The amount of animal waste production in the province is high and requires effective
management strategies. Dairy and meat cooperatives and the renewable energy investors show particular
interest in biogas production but there are still no biogas plants operating in Burdur. There are a number
of studies for estimating the biogas potential in different provinces in Turkey from variety of wastes
[30-33], however there are no studies available for biogas potential for Burdur Province and its districts.
Therefore, this study attempts to identify the biogas potential of Burdur considering animal manure
capacity using recent data to assess the utilization of the waste in terms of biogas production, energy
generation, organic fertilizer production and its benefits in terms of public health and comfort for
promoting the biogas investments.

2. MATERIALS AND METHODS

In this study, the animal manure based biogas potential of Burdur province center and its ten districts
including Bucak, Yesilova, Goélhisar, Karamanli, Cavdir, Kemer, Tefenni, Celtik¢i, Aglasun and
Altiyayla have estimated. The locations of the districts are illustrated in the geographic map of Burdur
in Figure 1. The total number of cattle, small ruminant and poultry are provided from Burdur Directorate
of Provincial Agriculture and Forestry [34]. Burdur has the highest number of cattle in Mediterranean
Region [35]. Total number of animals in Burdur province is 644,611 (2017). The total share of animal
types of in Burdur in terms of cattle, small ruminant and poultry are 36 %, 64 % and 3 %, respectively.
The distribution of number of animals is shown in Figure 2. These numbers were then used to calculate
the amount of animal waste potential and biogas potential for all the districts.

163


https://en.wikipedia.org/wiki/Mediterranean_climate

As can be seen from the figure, Center of Burdur and Bucak district have higher existence of animal
stock in terms of cattle compared with the animal population in other districts. Many factors affect the
amount of waste and biogas potential in the livestock operations. These are the type of animal, animal
body weight, total solids ratio, volatile solids ratio, the availability ratio of waste and biogas yields.
Table 3 shows the waste characteristics of the livestock. Availability of waste is an important factor that
needs to be taken into account in determining the biogas potential from animal wastes. By taking into
account the residence time of the animals in the shelter, the availability or collectability ratio was taken
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Figure 1. Geographic distribution of the districts in Burdur
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Figure 2. Cattle, small ruminant and poultry population in districts of Burdur

as 65 % for cattle, 13% for small ruminants, 99% for poultry [30].

As can be seen from Table 3, the amount of biogas evolved during anaerobic digestion of the animal manure
varies according to the animal type. Therefore, the biogas yield of different kinds of manure have been

considered during calculations of biogas potential. The average values have been used in calculations.

Table 3. Waste Characteristics by type of animals [30, 36]

Animal Type Manure (kg/day) TS % VTS % Biogas Yield
(Total Solids) (Volatile Total Solids) (m3/kg VTS)
Cattle 10-25 10-20 75-85 100-300
Small Ruminant 2-4 25-30 70-80 10-50
Poultry 0.05-1.0 40-60 60-80 300-500
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Theoretical biogas amount generated from the manure is calculated from Equation 1:

TPB = M X TS X VTS X AC X EByrg 1)

where TPB denotes the theoretical potential of biogas (m*/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 is the volatiles ratio in total solids of the waste,

AC denotes the availability % and

EBvrs is the quantity of estimated biogas produced per kg of the volatile total solids (m*/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 %
Ecwa is the energy content of methane, 36 MJ/m?® CH,4 [37]

The fermentation process reduces the organic dry matter content of original material to 24-80% [38].

3. RESULTS AND DISCUSSION

Animal manure is an important public health and waste management problem in Burdur in relation with
high economic contribution of livestock farming activities in the province. The animal stock is
distributed in a wide land area therefore, collectability and storage of manure are major obstacles for
utilization of animal waste. In this section, the theoretical potential of biogas production from different
types of animal manure in Burdur province was estimated. The amount of animal waste production from
different districts in Burdur province according to the data recorded at the end of 2017 is shown in Table
4. The results revealed that Burdur province has total 27.1 million m*/year biogas production potential.
This is an indicative of efficient management of livestock farms could be further processed in the biogas
plants for renewable energy production and environmental protection. The distribution of this potential
within the districts has demonstrated in Figure 3. As can be seen from the Table 4 and Figure 3, Central
part of Burdur province, Bucak, Yesilova, Golhisar and Karamanli districts have huge animal manure
potential for biogas production.

Table 4. Available animal manure potential and biogas potential in Burdur and districts (2017)

District Animal Manure Potential Biogas Potential
tons/year 1000 md/year

Center 554768.5 10371
Bucak 235121.5 4349
Yesilova 141444.2 2659
Golhisar 106423.5 1983
Karamanli 101075.6 1899
Cavdir 74796.5 1380
Tefenni 64360.3 1218
Kemer 63941.5 1205
Celtikei 46711.9 863
Aglasun 46640.7 854
Altinyayla 15462.1 290
TOTAL 1450746.2 27071
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Figure 3. Distribution of the biogas potential in Burdur districts

The discharge of the livestock waste contaminates the environment with high levels of pathogens,
endangering the human and animal health. For renewable energy production and ensuring a healthy
environment it is necessary to progressively adopt the environmentally friendly biogas technology.
Compared to the provinces located in the Mediterranean Region, Burdur province has the highest
number of cattle farming and hence cattle manure potential. Therefore, cattle manure derived potential
of biogas production is the highest among the other provinces in the region. (Figure 4). Biomethane can
be integrated to the natural gas grid, used for domestic cooking, heat and power generation or turn into
vehicle fuel [11]. The results signify high potential of biogas production in Burdur.
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Figure 4. Cattle manure derived biogas potential of provinces in Mediterranean Region of Turkey [35]
The biogas energy potential of Burdur province corresponds to 135.4 GWh annual energy generation

potential to be converted to heat and electricity. The energy capacity of the districts of Burdur is
presented in Table 5.
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Table 5. The biogas energy potential in the districts of Burdur.

District Energy Generation
Capacity
MWh/year
Center 51854.3
Bucak 21743.7
Yesilova 13295.6
Golhisar 9916.7
Karamanli 9494.7
Cavdir 6897.5
Tefenni 6091.6
Kemer 6025.7
Celtikei 4317.3
Aglasun 4270.5
Altinyayla 1449.6
TOTAL 135357

The residual of the biogas production plant is organic fertilizer, rich in nutrients and nitrogen, offers an
attractive alternative to commercial fertilizers. The digested substrate can be dewatered by solar drying
or solid-liquid separators to produce high-quality organic fertilizer. Liquid removal from the digestate
also provides reduction in transportation costs [39]. In Burdur province annually about 50776 tons of
organic fertilizer can be produced from biogas plants to increase the efficiency of the agricultural lands.

4. CONCLUSION

Concerns on rapid depletion of energy resources and the need for mitigation of adverse environmental
impacts of energy generation from fossil based fuels have increased the deployment of renewable energy
carriers such as biogas. Biogas from animal waste could be a feasible option for provinces whose
economy strongly depends on livestock farming. Through sustainable research programs, the anaerobic
digestion technology for biogas production from animal manure can be poised for commercial
applications in Burdur. This paper proposed to identify the theoretical potential of the energy generation
through biogas derived from animal waste in Burdur province located in Mediterranean Region of
Turkey. The estimated biogas potential in the province is obtained as 27.1 million m%/year corresponds
to annual 135.4 GWh energy generation. Among the districts of Burdur, central part of the province has
the highest biogas potential followed by Bucak, Yeasilova, G6lhisar and Karamanli districts.

In conclusion, biogas produced from livestock manure could be one of the significant sources of
renewable energy production and solution to animal waste management problem in Burdur province.
The findings of this study provide key information to investors that consider biogas investments in the
province. Animal waste potential of Burdur is remarkable and farmers and investors can make use of
benefits of waste to energy technologies if properly managed and supported by governmental subsidies.
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