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Estimating the carbon footprint of dairy cattle in the district of Karapinar, in the
province of Konya
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carbon dioxide

b e i Global warming refers to the increase in the amount of heat resulting from the release of greenhou-
dairy cattle se gases into the atmosphere. One of the prominent strategies to mitigate global warming in the face
global warming of an increasing world population is to regulate the livestock sector. The effect of cattle on global
LI warming is through the release of greenhouse gases (CO2, CH4). The carbon footprint can be de-

fined as the damage caused to the environment by the amount of greenhouse gases in the form of
Received : 22 April 2024 carbon dioxide resulting from the activities of living beings. One of the places where dairy farming
Revised : 14 August 2024 . . . . e .. . . .
Accepted : 19 August 2024 is performed intensively in Turkly.e is the dlstcnct of Karapinar in the province of Kpnya. Achrd1ng
Published : 31 August 2024 to the data from the Turkish Statistical Institute, the total number of dairy cattle in the district of
Article Code 1472090 Karapimar was 28,186 heads in 2018 and 32,405 heads in 2019. The difference of 4,219 heads is

estimated to raise the carbon footprint potential by 426.4 kg CO2e year-1 in 2019 compared to 2018.
Correspondence: When the increase per animal was calculated, the result was 0.01 kg CO2e year-1. This calculation
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was made utilising the Tier-1 method, using the equations provided in the Intergovernmental Panel
on Climate Change (IPCC) 2006 guide. In the guide, the methods Tier-2 and Tier-3 are also speci-
fied, and more detailed methods are planned for future studies.
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INTRODUCTION and various activities carried out to enhance productivity, the
amount of greenhouse gases released into the atmosphere will
also increase. The term carbon footprint is used to track the
¢ ) . S outputs of these activities at the production and consumption
increasing number is expected to reach 9.7 billion in 2050 and stages. The increase in greenhouse gases in the atmosphere
10'4, b.ﬂlion in.ZlOO. According t? the data &om the Turkish due to livestock farming is caused by the effect of carbon
Stgt}stlc.al Institute (TUH(),TI:iI‘klyC’S populatl(.)n reached. 85.2 dioxide (CO,) and methane (CH,) gases (Tiirkes, 2000). 35-
rpllhon in 2023, ranklr.lg. 18th in the world. This number is es- 40% of wotldwide methane emissions originate from enteric
timated to reach 93 million in 2050. fermentation and manure management in livestock (Steinfeld
et al., 2000). It is stated that approximately 65% of the total
emissions of greenhouse gases resulting from livestock activi-
ties are caused by cattle. In most developing countries such as
Ttrkiye, 39% of greenhouse gas emissions from the livestock
sector originate from enteric fermentation and 26% from ma-
nure management (Herrero et al., 2013). This reveals that most
of the greenhouse gases released from activities in the live-
stock sector originate from cattle (Koyuncu and Akgiin, 2017).

It is stated that the world population reached approximately
8 billion people in 2023. According to the United Nations, this

The increasing population also increases the need for food
for the continuity of life. In order to meet the increasing food
demand, new techniques in agriculture and animal husband-
ry must become widespread, and the number of products
produced per unit area must increase (Kitani, 1999; Ozpinar,
2023). For this reason, there has been an increase in the use
of intensive farming methods for dairy farming. Increasing
the production in dairy farming can be achieved by improving
the productivity of animals or by increasing the number of
animals. As a result of the activities carried out to achieve the
mentioned increases, the emission of greenhouse gases into
the atmosphere is increasing. With the increase in the con-
centrations of gases released into the atmosphere, an increase
in the earth’s temperature, referred to as “global warming”,
is observed (Kéknaroglu and Akiinal, 2010). While Bayrag
(2010) defines global warming as a systematic increase in the
temperature worldwide, Dogan et al. (2010) define it as the
increase in the temperature on the earth due to the increase in
gas concentrations in the atmosphere.

Cattle have a unique digestive system compared to other
animals, allowing them to digest materials rich in poor-quality
cellulose. As a result of this digestion, they have an import-
ant place in the production of methane and greenhouse gases.
While it can be seen that cattle, when considered individually,
produce a small amount of methane gas (80-110 kg year"), this
amount is quite high when considering the cattle population
(Koyuncu and Akgtin, 2017). Greenhouse gases resulting from
milk production in cattle account for approximately 20% of
the total emissions (Gerber et al., 2013). 2-12% of the gross
energy ingested with the diet is lost by being converted into
As a result of the increase in the number of dairy animals methane (CH,) during microbial digestion in the rumen. This
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induces a negative impact on global warming (Oztiirk, 2007).
It is also stated that the energy required to produce feed raw
materials constitutes approximately 10% of the total carbon
dioxide emissions, and the effect of the amount of energy
consumed for milk production on emissions is considered
insignificant (Koyuncu and Akgiin, 2017). Among the green-
house gases that cause global warming, methane gas (CH
ranks second after carbon dioxide (CO,) (Cetin et al., 2020).
However, it is also stated that the global warming potential
of methane might be 21 times that of carbon dioxide over a
period of approximately 100 years (Kéknaroglu and Akiinal,
2010).

The concept of carbon footprint in global warming is used
to indicate the impact of the activities performed to meet the
needs of living beings. Different methods are used to measure
this impact, and online programs are even designed to calcu-
late the results (Giiven ve ilker, 2016).

In light of this information, the study aimed to evaluate
the impact of dairy cattle on global warming in the district of
Karapinar, located in the province of Konya, an important
location for dairy farming, Both carbon dioxide and methane
gases were focused on in order to calculate this effect.

MATERIALS and METHODS

guide are organised based on animal species and climate zones
(temperatures). In the IPCC guide (IPCC, 2006), equation 10.22
was used to calculate the carbon footprint resulting from manure
management (Equation 1).

EF T x N T
CH4(manure) = Z(T)%

(Eq. 1)

In this equation, CH,  refers to methane emissions from
manure management (Gg CH, year"), EF . is the defined emis-
sion factor for the livestock sector (kg CH, head™ year™), N, is
the total number of animals (head) in the population, T is the

animal species or category.

For the EF. . value in the equation, the values from Table
10.14 of the H@CC (IPCC, 20006) guide (Table 1) were used. In
the related table, the levels of development of the countries,
differences in manure management systems and temperature
conditions of the region are taken into account. Ttrkiye has the
status of a developing country. The average temperature for the
district of Karapinar in the province of Konya in 2018 and 2019
was 11.1°C (MGM, 2023). The values provided in Table 10.14
of the IPCC (IPCC, 20006) guide will be used for the calculations
and are given in Table 1.

Table 1. Methane emission factor from manure management for cattle according to temperature (IPCC, 2006)

Cold Mild Hot
<10°C  11°C  12°C  13°C  14°C 15°C  16°C  17°C  18°C  19°C  20°C  21°C  22°C  23°C  24°C  25°C 26°C  27°C >28°C
Dairy 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
cattle
Other 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
cattle

Manure-derived methane emission factors that should be obtained according to annual average temperatures

Karapinar, the region chosen to conduct the research, is a
district of the province of Konya, one of the prominent prov-
inces in Turkiye regarding dairy cattle breeding. According to
TUIK data, Karapinar district ranked first among the districts
of Konya in 2018 and second in 2019 regarding the number
of dairy cattle. Among the dairy cattle bred in the district,
the number of milking animals was 28,186 heads in 2018 and
32,405 in 2019 (TUIK, 2023). The carbon footprint of dairy
cattle in the Karapinar district was calculated by matching the
data received from TUIK with the calculation tables in the In-
tergovernmental Panel on Climate Change (IPCC, 20006) guide.
For the values to be used in the calculations to be made in the
study, Ttrkiye was classified as part of the “Eastern Europe”
region in the tables specified in the IPCC guide. No living or
non-living animal material was used within the scope of the
study.

Calenlation of the carbon footprint

Tier (Tier 1, Tier 2, Tier 3) methods determined by the IPCC
are used to calculate carbon footprints. The Tier 1 method was
selected due to its ease of use. This method works based on
prediction (IPCC, 2006). Emission factor values in the IPCC
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The methane gas emission factor resulting from manure man-
agement was selected from the values in Table 1. Since the av-
erage temperature of Karapmar in 2018 and 2019 was 11.1°C,
and based on the 11°C value in the table, the methane emission

factor resulting from manure management for dairy cattle will be
2 kg CH, head' per year.

The Tier 1 method in the IPCC (IPCC, 2006) guide is a sim-
plified method used for estimating emissions by selecting emis-
sion values according to animal species and subcategories, feed-
ing patterns and annual average milk yield. The IPCC (IPCC,
20006) guide states that Equation 10.19 (Equation 2) should be
used to calculate CH, emissions from enteric fermentation.

N
Emissions = EF(T) x %

(Eq.2)

In this equation, emissions refers to the methane emissions
from enteric fermentation (10° tonne CH, year™), EF _ refers to
the emission factor defined for livestock sectors (kg %H , head
year), N  refers to total number of animals in the population,
T refers to the animal species.
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For the EF, . value in the concerning equation, the emission
factor used was specified in Table 10.11 within the subcategories
of the IPCC (IPCC, 20006) guide. In this table, enteric fermenta-
tion emission factor values originating from cattle calculated by
the Tier 1 method are evaluated, as well as the status of devel-
opment of the countries, differences in feed composition and
annual milk amount (head) (Table 2). In this table, since Tirkiye
is located in Eastern Europe, the value taken as a basis for dairy
cattle is 99 (the annual milk yield of the cows selected is 2550
kg head™). In the case that the annual milk yield does not meet
the specified value in the country category, the corresponding
emission factor should be selected. For example, if the annual
milk yield is 2000 kg head™, 90 should be selected as the emission
factor value for dairy cattle.

Erzurum

2x 32405
For the year 2019; CH4(manure) = Z (T) EET

- According to Equation 2, methane emission values from
enteric fermentation were 2.790 Gg CH, year' for 2018 and
3.208 Gg CH, year' for 2019. The increase in one year was
0.418 Gg CH, year.

28186

106

For the year 2018; Ermissions — 99 x

32405
108

For the year 2019; Ermissions — 99 x

Table 2. Enteric fermentation emission factors for cattle according to the Tier 1 method (IPCC, 2000)

Emission Factor

Explanation (Other)

(kg CH, head™ year™)

Region Type of Cattle
i Dairy cattle 128
North America
Others 53
West Dairy cattle 117
t
est Burope Others 57
Dairy cattle 99
East Europe
Others 58
. Dairy cattle 90
Australia
Others 60
X Dairy cattle 72
South America
Others 56
) Dairy cattle 68
Asia
Others 47
. . . Dairy cattle 46
Middle Asia/Africa
Others 31
. Dairy cattle 58
India
Others 27

Annual milk production 8.400 kg head

Annual milk production 6.000 kg head™!

Annual milk production 2.550 kg head™!

Annual milk production 2.200 kg head™

Annual milk production 800 kg head

Annual milk production 1.650 kg head™

Annual milk production 500 kg head™!

Annual milk production 900 kg head™

Emission factor values to be taken according to regions

In the IPCC (IPCC, 2006) guide, it is stated that, when
converting methane emissions to a carbon footprint value as
COg, it should be multiplied by 25.

RESULTS

When the values corresponding to the formulas in the equa-
tions are inserted, the results are presented below and shown
in Table 3.

- According to Equation 1, the manure-derived methane
emission value found was 0.0564 Gg CH, year ' for 2018, while
it was 0.0648 Gg CH, year' for 2019. Methane emissions from
manure increased in 2019 compared to 2018. The value of this
increase is 0.008 Gg CH, year.

2x 28186

For the year 2018; CHamanurey = Z(T) e

In order to express methane emission values as global
warming potential, it is stated that the value found for CO,
equivalence is multiplied by 25 (IPCC, 2006; Crosson et al.,
2011). The CO, equivalence of emission values are also given
in Table 3. The CH, emission value per animal was 0.1 kg CH,
head™” in both years.

Ersoy (2017) calculated the greenhouse gas emission values
of cattle in the province of Konya according to 2015 and found
that the methane emission value from manure was 1560 tonnes
CH, year', the methane emission value from enteric fermen-
tation was 70040 tonnes CH, year" and the total emission val-
ue was 71600 tonnes CH, year'. According to the findings of
the study, methane emissions from enteric fermentation in the
province of Konya constituted approximately 3.9% in 2018 and
approximately 4.5% in 2019. Manure-derived methane emis-
sion values constituted approximately 3.62% in 2018 and 4.15%
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Table 3. Enteric fermentation emission factors for cattle according to the Tier 1 method (IPCC, 2006)

CO,e year”
Years CH, - (tonne CH, year’) Emissions (tonne CH, year”) CH,,... Emissions
2018 56,4 2790 1410 1743,75
2019 64,8 3208 1620 2005

Emission values and CO2e equivalents by year

in 2019. When Tirkiye’s ranking is observed in the respective
study, the values of Aydin province, which ranks 16th, are ap-
proximately similar to those found for the district of Karapinar.

In the study conducted by Yayl and Kili¢ (2020) on dairy cat-
tle farms, the enteric fermentation-derived methane emission
value was found to be 659.3 Gg CH, year' for Tiirkiye, 8.4 Gg
CH, year" for the province of Bursa, and manure-derived meth-
ane emission value was found to be 99.9 Gg CH, year " for Ttr-
kiye and 1.7 Gg CH, year" for Bursa province. The values found
for Karapinar correspond to approximately 1/3 of those found
for Bursa province. The enteric fermentation-derived methane
emission value of Karapiar is approximately 2% of that of
Thrkiye, and the manure-derived methane emission value is ap-
proximately 1.66%.

Ceyhan et al. (2020), in their study in Nigde on 2000 heads
of Awassi sheep, found that the CH, emission produced by
enteric fermentation was 0.016 Gg CH, year, while the CH,
emission from manure was 0.0002 Gg CH, year. Compared to
the values we calculated for cattle, the values found for sheep
are relatively low. This is due to the difference in EF__ value.
For sheep, this value is taken as 8 for enteric fermentation and
0.10 for methane emission from manure.

In their study, Kara et al. (2019) found that the CH, emis-
sion value per animal in autochthonous, imported and hybrid
cattle breeds in Konya in 2017 was 21.6 kg The value per an-
imal found in Karapinar in 2018 and 2019 were significantly
lower than this value.

In some studies, it has been stated that the largest contribu-
tion to greenhouse gas emissions is CH, resulting from enteric
fermentation (Robertson et al., 2015; Buratti et al., 2017; Kili¢
and Amet, 2017; Kiggundu et al., 2019). In the calculated val-
ues, enteric fermentation accounted for approximately 55% of
the total emissions in 2018, while it represented approximately
44% in 2019.

DISCUSSION

Agriculture and animal husbandry are the biggest sectors
expected to be affected by climate change. There is an increas-
ing need for food due to the rise in population. Animal prod-
ucts, which are essantial for maintaining a healthy lifestyle, are
insufficient to meet the requirements. Therefore, increasing
the production of animal products is possible through meth-
ods such as increasing the number of animals and improving
productivity. There is a direct relationship between this situa-
tion and global warming, and an increase in greenhouse gas
emissions is inevitable.

In the study, Tier 2 method is selected for the calculation of
greenhouse gas emissions. This method provides more reliable
results as it includes more comprehensive calculations com-
pared to Tier 1. Reducing the emission of greenhouse gases is
essential in the battle against climate change. Karapinar district
is a prominent area not only in animal husbandry but also in
the agricultural sector. In order to reduce greenhouse gas emis-
sions caused by dairy cattle in the Karapinar district, farms
should be provided with training on manure management and
enteric fermentation. Breeders should be made aware of en-
vironmentally friendly practices. A correct plan should be cre-
ated and implemented to address these issues. For example,
arrangements should be made for feed rations, and support
should be provided for the installation of biogas facilities.

CONCLUSION

As a result, a contribution has been made to the literature
on carbon footprint, which is stated to have a significant im-
pact on gases emitted from animals. In this context, the extent
to which dairy cows affect the carbon footprint has been re-
vealed. Some suggestions for reducing this effect have been
presented, and a basis for future studies has been established.
The number of studies on this subject in Tirkiye is insuffi-
cient, and more research is needed. It is intended to establish
a basis with this study, and it is also planned to use the Tier 2
method in future studies and to calculate the carbon footprint
of dairy cattle nationwide.
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