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Abstract: In this study, the current state of organic wastes obtained from plant, animal, kitchen and industrial sewage
sludge plants in Mersin and Adana provinces and biogas energy production potential were investigated. In this study,
data on animals and plants were obtained from Adana and Mersin Provincial Directorate of Agriculture and data on
kitchen and industrial wastes were obtained from Adana and Mersin Metropolitan Municipality. As a result of this study,
the daily amount of organic matter produced in animal, vegetable, kitchen and sewage sludge plants in Mersin province
is 16 801.48 tons and the amount of biogas produced from these wastes is 557 432.47 m® and the electricity generated
from methane is 2 619.93 MWh. It has been identified. In Adana province, the daily organic matter produced in animal,
vegetable, kitchen and sewage sludge plants is 24 517.35 tons and the amount of biogas produced from these wastes is
637 882.68 m’ and the electricity generated from methane is 2 998.05 MWh. In Mersin, 33% of the electricity generated
from organic wastes was obtained from treatment sludge, 57% from animal manure, 4% from agricultural waste and 6%
from kitchen waste. In Adana, 39% of the electricity generated from organic wastes was obtained from treatment sludge,
36% from animal manure, 15% from agricultural wastes and 10% from kitchen wastes. Adana Province; In terms of
organic matter produced in animal, vegetable, kitchen and sewage sludge plants, it is determined that it is approximately

19% more than Mersin province and it is about 7% more in terms of electrical energy produced from methane.

Keywords: Biogas, energy, organic waste, sewage sludge plants.

1. INTRODUCTION

The rapid growth in the world economy has led to
huge increases in energy demand. However, with the
limited amount of fossil fuel reserves such as oil, coal
and natural gas, their damages to the environment
made renewable energy resources compulsory [1,2].
When fossil fuels are burned, carbon dioxide, sulfur
dioxide, nitrogen oxide, dust and soot emit into the
atmosphere, pollute the environment and cause death,
while carbon dioxide and similar greenhouse gases
cause global climate change and threaten life in all
countries of the world [3]. The limited availability of
fossil fuel reserves in the world and their depletion in
the near future accelerated the trend towards
renewable energy sources [4]. The importance of
strategies, plans and policies required for the proper
and healthy utilization of renewable energy sources is
increasing and reaching important dimensions [5]. As
fossil energy sources such as oil and natural gas are
decreasing day by day, price increases have led to an
increase in the trend of renewable energy sources
worldwide [6,7]. In Turkey, 86% of the energy needs
are met from fossil sources and 73% is imported [8].
But Turkey is rich in renewable energy resources can
not be adequately assessed [9,10]. Biogas energy is
among the preferred alternative energy sources
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because it is environmentalist and cheaper than other
energy sources. In rural areas, biogas is important due
to its use as both energy source and fertilizer source
[11]. While the highest incentives were given to
biomass and solar energy with the regulations in the
energy law; the lowest incentives were given to wind
and hydroelectric energy [12]. Biomass sources can be
used directly as fuels and are highly suitable and high
potential products for biogas, biocarbon and biodiesel
production [13]. Biogas formed as a result of
fermentation of organic substances; is a colorless-
odorless, flammable gas containing 55-75% CH,, 24-
44% CO; and low amounts of H,S, N, CO[14,15,16].
Biogas is a gas formed by bacterial degradation of
biomass under anaerobic conditions [17]. Various plant
wastes, domestic wastes with organic content,
domestic / urban and industrial treatment sludges and
animal manure are the leading organic wastes used in
biogas production [18]. Unlike other combustible gases
( natural gas), biogas is obtained only from organic raw
materials. Biomass of all types, including
carbohydrates,  proteins, fats, cellulose and
hemicelluloses, can be used as substrates for biogas
production [19]. As in natural gas, the main component
of biogas is methane. Table 1 below shows the
properties of biogas and some other gases. When the
table is examined, it is seen that biogas is similar to
other combustible gases [20].

The annual and total recoverable biomass energy
potential of Turkey is estimated to be 17.2 and 32.6
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Table 1: Properties of Biogas and Other Gases

Fuel Thermal value (kcal/kg) Density Air-Fuel ratio (kg/kg) | Ignition temperature (°C)

LPG 10986,91 0,54 kg/ | 15,5 400

Natural gas 13733.64 0,83 kg/ Nm® 17 600

Diesel 10150.95 0,85 kg/ | 14,5 220

Biogas (%60 CH,, %40CO,) 4299.23 1,2 kg/ Nm® 10,2 650

Methane 11942.29 0,72 kg/ Nm® 17,2 650

Butane 10891.37 2,70 kg/ Nm® 15,6 365

Propane 11058.57 2,02 kg/ Nm® 15,6 470

Benzine 10270.37 0,75 kg/ | 14,8 220

MTEP (Million Tons Equivalent Petroleum) respectively
[21]. In the world, especially in China, Germany,
Netherlands, India, Japan, Finland, Malaysia, important
studies on biogas production technology have been
realized [22,23,24,25,26]. Some of the work done in
this regard in recent years in Turkey can be
summarized as follows. In the study conducted in 2014
for Tokat province, the biogas potential obtained from
animal wastes was calculated as 301.434 m®/ day and
the amount of electric energy was 502.390 kWh / day
[27]. In the study conducted to determine the biogas
potential of Canakkale, it was reported that a total of 96
934 753 m® of biogas can be obtained annually from
bovine, ovine and poultry manure [28]. In the study
conducted to determine the biogas potential of animal
and some plant wastes in Kahramanmaras province,
the total annual biogas energy value was reported as 2
177 TJ [29]. Biogas potential of urban solid wastes is
4,850 million kWh / year and if energy plants are
cultivated in 1% of processed agricultural areas, biogas
potential will be 25.95 billion kWh / year; biogas
potential of animal manure is reported to be 14.26
billion kWh / year [30]. Senol et. al., 2017, taking into
account kitchen wastes, animal wastes, agricultural
wastes and wastewater treatment plant wastes of

Ankara province, they calculated the amount of biogas
production from these wastes[10]. As a result of the
calculation, it is reported that the theoretical biogas
energy value that can be produced from organic
wastes is 277 348 m® from animal wastes, 515 220 m®
from waste water treatment sludge, 38 493 m° from
agricultural wastes and 160 380 m® from kitchen
wastes. It is estimated that the amount of biogas
energy from animal manure in the Thrace region is 2
427.81 TJ [1]. An exemplary biogas plant is shown in
Figure 1.

The aim of this study is to determine the current
state of organic wastes to be obtained from plant,
animal, kitchen and domestic / urban sewage sludge
plants in Mersin and Adana Provinces and to determine
sustainable potential on the local scale by determining
the biogas energy production potential.

2. MATERIALS AND METHODS

Located between 39 ° 56’0.109 "north latitude and
32 ° 51'35.07” east longitude in the south of the
Mediterranean, Mersin has a surface area of 15 853
km? and a population of 1 814 468 [31]. Adana
province is located between 36 ° 30-38 ° 25 northern
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Figure 1: Example of a biogas plant.
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Table 2: Number of Animals and Wet Fertilizer Production in Mersin and Adana Provinces

Mersin Adana

Mersin Adana

Species Animal
Number of animals (pcs)

Wet Manure production
(Ton / year-animal) Wet Manure production

(Ton / year)

Bovine (cattle, adult) 115506 293873 3,6 415821,6 1057942,80
Ovine (sheep, goat) 1370420 950148 0,7 959294 665103,60
Poultry (chicken) 27413431 5276705 0,022 603095,5 116087,51
Total 28899357 6520726 - 19782111 1839133,91

latitudes and 34 ° 48-36 ° 41 east longitudes in the
south of the Mediterranean Sea. Adana has a surface
area of 14 125 km? and a population of 2 216 475[32].
In this study, data on animal and plants required for
determination of biogas production potential from
organic wastes were obtained from Adana and Mersin
Provincial Directorate of Agriculture and Forestry and
data on kitchen and industrial wastes were obtained
from Adana and Mersin Metropolitan Municipalities.

2.1. Determination of Animal Wastes

Animal wastes are known as cattle, horses, sheep,
goats, chickens, pigs and slaughterhouse wastes as
well as wastes generated by processing animal
products. In this study, only organic fertilizers produced
from cattle, sheep, goats and chickens are considered.
The amount of fertilizer produced daily varies according
to the type of animals. Acceptance value of wet manure
to be produced from animals in Mersin and Adana
provinces, number of animals and amount of wet
manure production are given in Table 2 [33].

The total number of animals (cattle, ovine and
poultry) in Mersin is 28899357 and the amount of wet
manure produced from these animals is 1978211.1
tons. 48.49% of total fertilizers produced are small
ruminants, 30.49% are poultry and 21.02% are bovine
animals. In Adana province, the total number of

animals (bovine, ovine and poultry) is 6 520 726 and
the amount of wet manure to be produced from these
animals is 1 839 133,91 tons. 58% of the total age
fertilizers produced are cattle, 36% sheep and 6%
poultry.

2.2. Determination of Agricultural Waste Potential

Mersin province has a total agricultural production
area of 3696380 da. 55% of this land is cultivated in
fields, 36% in fruits and 9% in vegetables [34]. For this
reason, in the study, common crops (corn, cotton,
wheat, rye peanut, soybean, oat) crops were
investigated in the determination of agricultural waste
potential. In the study, plant organic wastes were
calculated by multiplying the planting area of the
cultivated plants and the amount of organic waste to be
produced in the unit area (Table 3). The spatial yield of
the amount of organic waste was obtained from Mersin
Provincial Directorate of Agriculture and Forestry [33].
Adana has an agricultural production area of 6 024 373
da. 83% of this land is cultivated in fields, 11.8% in
fruits and 5.2% in vegetables. For this reason, in the
study, common crops (corn, cotton, wheat, rye peanut,
soybean, oat) crops were investigated in the
determination of agricultural waste potential. In the
study, plant organic wastes were calculated by
multiplying the planting area of the cultivated plants

Table 3: Amount of Organic Waste Obtained According to The Plant Type Planted in Mersin and Adana Provinces

Plant Mersin Adana Mersin Adana Mersin Adana
Sowing area Amount of organic waste Amount of organic
(da) (kg / ha) waste (ton)

Sunflower 22367 580227 227 276 5077,309 160142,652

Cotton 52216 317905 496 319 25899,136 101411,695

Soybean 84543 188354 347 340 29336,421 64040,360

Peanut 9824 236399 206 343 2023,744 81084,857
Wheat+Barley+Rye+Oats 978714 1828000 190 293 185955,660 535604,000
Corn plant 133069 931808 881 852 117233,789 793900,416
Total 1280733 4082693 - - 365526,059 1736183,980
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and the amount of organic waste to be produced in the
unit area (Table 3) [33].

As shown in the table, the amount of organic waste
obtained in planting in 1 280 733 area in Mersin
province is 365526,059 tons. 50.88% of the total
organic wastes obtained were wheat + barley + rye +
oats, 32.07% corn, 8.03% soy, 7.09% cotton, 0.55%
peanut. and 1.39% consisted of sunflower plants. In
Adana province, the amount of organic waste obtained
in planting in 4 082 693 da area is 1 736 183.98 tons.
45.7% of the total organic wastes obtained were corn,
30.8% wheat + barley + rye + oats, 4.6% peanuts,
3.6% soybean, 5.8% cotton and 9.2% were sunflower
plants.

2.3. Determination of Kitchen Waste

Today, almost all of the organic wastes that are
consumed at home go to garbage. These wastes,
which are thrown away in cities or rural areas, bring
some problems such as footprint and formation of
stench. However, the use of these organic wastes,
which are dumped in the landfills, in proper gas
collection, can contribute to both the environment and
the household budget[35]. In the theoretical
determination of the amount of kitchen waste, it is
accepted that it produces 1 kg of waste per person per
day and that 60% of the waste produced is organic

waste [36]. Accordingly, since the population of Mersin
is 1 814 468 according to the latest statistical data, the
amount of organic waste produced from kitchen waste
was calculated as 1 088.68 tons per day. Since the
population of Adana is 2 216 475 according to the
latest statistical data, the amount of organic waste
produced from kitchen waste is calculated as 1 329.88
tons per day.

2.4. Determination of Wastewater Treatment Sludge

Waste water; It consists of water contaminated by
industrial, urban, agricultural and other uses and whose
properties have been partially changed. Since
wastewater treatment sludge contains high amounts of
organic matter, nutrients and pathogenic bacteria, it is
important to treat wastewater. Its thermal value
depends on the type of sludge and the amount of
organic matter it contains. The amount of gas per
person in the domestic wastewater treatment plant
varies between 15-22 liters / day. The methane
percentage of the gas produced is 65% and the energy
value is 22.4 MJ / m® [1]. A large part of the sludge
entering the decanter in the waste water treatment
plant is water and it is between 1-5% in Dry Matter
Amount (KMM) [37]. Municipal treatment plants
generally convert 100 liters of sewage water into 1-2
liters of sludge. The remaining part formed by removing
contaminating substances from the water is waste

Table 4: Capacity of Wastewater Treatment Plants in Mersin and Adana Provinces

Wastewater Treatment Plant Capacity (m®/ day)
Karaduvar Wastewater Treatment Plant 189523
Tarsus Wastewater Treatment Plant 61272
Erdemli Wastewater Treatment Plant 21972
Kargipinari Wastewater Treatment Plant 6000
Atakent Wastewater Treatment Plant 6800
Silitke Wastewater Treatment Plant 21000
Narlikuyu Package Wastewater Treatment Plant 500
Bozyazi Wastewater Treatment Plant 2652
Total 309719
Adana Seyhan Wastewater Treatment Plant 227346
Adana Yiregir Wastewater Treatment Plant 128208
Adana Ceyhan Wastewater Treatment Plant 34896
Adana Karaisall Wastewater Treatment Plant 2000
Adana Kozan Atik Wastewater Treatment Plant 22000
Adana Yumurtalik Package Waste Water Treatment Plant 900
Adana Tufanbeyli Wastewater Treatment Plant 1500
Total 416850
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Table 5: Biogas Yield Values of Some Organic Wastes

Organic matter Biogas yield (m®/ ton) References
Bovine manure 33 (Oztiirk, 2008; Senol et al., 2017) [41,10].
Ovine manure 58 (ligar, 2016; Senol et al., 2017) [28,10].
Poultry manure 78 (ligar, 2016; Senol et al., 2017; Aybek et al., 2015b) [28,10,29].
Agricultural wastes 20 (Senol et al., 2017; Aybek et al., 2015b) [10,29].
Kitchen waste 30 (Anonymous, 2011a; Senol et al., 2017) [42,10].
Sewage sludge 20 (Kogar et al., 2010; Senol et al., 2017) [20,10].

sludge. Unlike other organic wastes, these wastes are
difficult and expensive to be destroyed [38]. Studies
have reported that the biogas yield per 1 tonne sludge
varies between 10-30 m°. In this study, waste sludge
(KMM) was calculated by taking 3% of the amount of
water entering the daily wastewater treatment plant.
The wastewater treatment sludge from Mersin and
Adana Metropolitan Municipalities is given in Table 4
[39]. Total amount of waste processed daily in Mersin
Metropolitan Municipality waste water treatment sludge
facilities is 309719 m°. KMM (sludge) produced by
these plants can be calculated as 9291.6 m® per day.
In Adana Metropolitan Municipality waste water
treatment sludge facilities, the total amount of waste
processed per day is 416 850 m>. KMM (sludge)
produced by these plants can be calculated as 12
505.5 m® per day.

In this study, biogas yield value of wastes used in
the calculation of biogas potential of organic wastes to
be produced from animal, plant, kitchen and
wastewater treatment plant for Mersin and Adana
provinces is given in Table 5. The electrical energy
value to be produced from biogas is taken as 4.7 kW /
m° (Since the energy value of biogas in 65% methane
content is approximately 22.4 MJ / m°, 1 m® biogas is
approximately equivalent to 4.7 kWh) [10,39-41].

3. RESULTS AND DISCUSSIONS

The amount of biogas production obtained from
organic wastes of Mersin and Adana provinces and the
change in the electricity production potentials to be
produced from methane gas are given in Table 6 and
Figure 2.

As shown in the Table 5, the total amount of organic
waste of Mersin province is calculated as 16801.48
tons per day. 55% of the calculated value consists of
sewage sludge, 32% animal manure, approximately
7% kitchen wastes and 6% agricultural wastes. In the
study, 557432.47 m3 of biogas and 2619.93 MWh of
electricity were generated from 16801.48 tons of
organic waste per day. 57% of the total amount of
electricity generated daily from organic wastes was
obtained from animal manure, 33% from sludge, 6%
from kitchen wastes and 4% from agricultural wastes.
In other words, animal manure and wastewater sludge
facilities accounted for about 90% of the total amount
of electricity generated. Since sewage sludge and
manure have high organic potential, these wastes
seem to have a significant impact on electricity
generation. It is seen that the amount of collected
organic waste produced in the water treatment sludge
facility in Mersin is about 2-9 times higher than the

Table 6: Electricity Potential That Can be Produced From Biogas and Methane Produced Due to Organic Wastes of

Mersin and Adana Provinces

Mersin Adana Mersin Adana Mersin Adana

Organic waste Amount of organic waste Amount of biogas Electricity production (Methane)

(ton / day) (m®/ day) (MWh / day)

Animal fertilizers 5419,76 5038,72 318911,27 226145,06 1498,88 1062,88
Agricultural wastes 1001,44 4756,66 20028,80 95133,37 94,14 447,13
Sewage sludge 9291,6 12505,50 185832 250110,00 873,41 1175,52
Kitchen waste 1088,68 2216,47 32660,40 66494,25 153,50 312,52
Total 16801,48 24517,35 557432,47 637882,68 2619,93 2998,05
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Figure 2: Electricity generation from biogas and methane in Mersin and Adana provinces.

other wastes. This shows how important the municipal
sewage sludge plant is for electricity generation. In
addition, although the amount of organic waste from
the wastewater sludge plant is about 1.71 times the
amount of organic matter of animal manure; in terms of
the amount of biogas produced, it is about 1.71 times
the amount of biogas obtained from wastewater
treatment sludge of animal manure. As can be seen in
Table 5, the amount of organic waste of Adana

province; daily total was calculated as 24 517.35 tons.
Of this value, 51% consists of sewage sludge, 21%
animal manure, 19% agricultural waste and 9% kitchen
waste. In the study, 637 882.68 m3 of biogas and 2
998.05 MWh of electricity were obtained from 24
517.35 tons of organic waste per day. 39% of the total
amount of electricity generated daily from organic
wastes was obtained from sewage sludge, 36% from
animal manure, 15% from agricultural wastes and 10%



Upgrading of Performance of Diffusion Absorption

Journal of Environmental Science and Engineering Technology, 2019, Vol. 7 51

from kitchen wastes. In other words, bovine and
wastewater sludge facilities accounted for 75% of the
total amount of electricity generated. Since sewage
sludge and manure have high organic potential, these
wastes seem to have a significant impact on electricity
generation. It is observed that the amount of collected
organic waste produced in the water treatment sludge
plant in Adana province is 2.5-5 times higher than the
other wastes. This shows how important the municipal
sewage sludge plant is for electricity generation. In
addition, although the amount of organic matter of
animal manure was 40% lower than the wastewater
sludge plant, the amount of biogas produced was the
same in these two wastes. Therefore, it is confirmed
that the high organic matter content of animal wastes is
effective in increasing biogas production and
production efficiency of the plant. Nowadays, the
management of these wastes has become increasingly
important and even more complicated, especially with
the increasing environmental risks of organic wastes
and their economic and social effects. Therefore, it
shows the importance of the functional characteristics
of municipalities in the evaluation of these wastes
having such high energy potential.

4. CONCLUSION AND SUGGESTIONS

The rapid increase in demand for energy has led to
the need to find new energy sources. Biogas has an
important place among renewable energy sources due
to its potential and social and economic benefits. The
results obtained from the study conducted to determine
the current state of organic wastes to be obtained from
plant, animal, kitchen and industrial sewage sludge
plants in Mersin and Adana provinces and their effect
on biogas energy production can be summarized as
follows; The daily amount of organic matter produced in
animal, vegetable, kitchen and sewage sludge facilities
in Mersin is 16801.48 tons, the amount of biogas
produced from these wastes is 557432.47 m3 and the
electricity generated from methane is determined as
2619.93 MWh. In Adana province, the daily amount of
organic matter produced in animal, vegetable, kitchen
and sewage sludge plants is 24 517.35 tons, the
amount of biogas produced from these wastes is 637
882.68 m® and the electricity generated from methane
is determined as 2 998.05 MWh. In Mersin, 55% of the
organic matter wastes obtained from wastes are
treated sludge, 32% are animal manure, 7% are
kitchen wastes and 6% are agricultural wastes. The
amount of electricity generated from these organic
wastes is 57% of the generated electricity from animal
manure, 33% from sludge, 6% from kitchen waste and
4% from agricultural waste. In Adana, on the other

hand, 51% of the organic matter wastes obtained from
wastes are treated sludge, 21% are animal manure,
19% are agricultural and 9% are kitchen wastes. The
amount of electricity generated from these organic
wastes is 39% of the generated electricity from sludge,
36% from animal manure, 15% from agricultural waste
and 10% from kitchen waste. In Mersin and Adana
provinces, it has been determined that animal manure
and sewage sludge have significant potential in terms
of organic matter in electricity generation. In addition to
protecting the environment, electricity and heat are
obtained; will contribute to the region economically and
will reveal new research topics. Thus, maximum
benefits can be obtained in terms of economic, social
and environmental-public health. With the rapid
increase in population and industrialization in Mersin
and Adana provinces, it brought many environmental
problems, but also caused the region's need for
energy. To meet this need, the use of biogas to be
produced from sewage sludge, animal manure and
plant wastes within the boundaries of the Region will
provide positive gains in terms of decreasing the need
for traditional electric power generation systems and
protecting natural resources and the environment.
Mixing and processing of wastes with low organic
content such as domestic, industrial and plant residues
in animal manure and waste sludge having high
organic potential can be considered to be effective in
increasing the utilization capacity of the treatment plant
by increasing the utilization capacity of the treatment
plant. Today, biogas technology is an important factor
for renewable energy production, enabling organic
wastes to be harmless and causing energy problems to
be used in energy generation. In order to utilize this
biogas potential determined in Mersin and Adana
provinces as soon as possible, alternative projects
suitable for the region should be produced. In the
projects to be carried out, it may be effective to provide
the producers with technical information about the
gains of the biogas plant and to provide incentives for
the installation of the plant. In addition, since the
installation of the biogas plant constitutes an important
investment cost, in case the problems of the breeders
are overcome, energy recovery and reduction of
environmental risks will result in significant
technological gains to the industry and the regional
industry.
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