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Highlights

e  The results obtained using Tier 1 and Tier 2 approaches are as follows: 0.4924-0.5014 kg CO2e per 1
liter of milk for Cattle. For sheep, it is 4.5167-6.5627 kg CO2e per 1 kg of meat. For goat, it is 5.0813-
6.0231 kg CO2e per 1 kg of meat. These results can be taken into account when creating strategies to
reduce methane gas emissions.

e According to the findings of the study, it was observed that there were significant differences in carbon
footprint values between animal categories and subcategories. When the Tier 2 approach was used,
carbon footprint values were higher than the Tier 1 approach.

¢ Another finding of the study is that the manure management system also contributes to the carbon

footprint.

*Corresponding Author: Ozgiir CAKMAKCI, ozgurcakmakci@kmu.edu.tr


mailto:ozgurcakmakci@kmu.edu.tr
mailto:yusufargun@kmu.edu.tr
mailto:ozgurcakmakci@kmu.edu.tr
https://orcid.org/0000-0001-6452-3634
https://orcid.org/0000-0002-9152-5069

Konya Miihendislik Bilimleri Dergisi, c. 12, 5.3, 783-800, 2024
Konya Journal of Engineering Sciences, v. 12, n. 3, 783-800, 2024
ISSN: 2667-8055 (Elektronic)

DOI: 10.36306/konjes.1423761

DETERMINATION OF THE CARBON FOOTPRINT OF ANIMAL WASTE AND CLIMATE
CHANGE; KARAMAN EXAMPLE

1Yusuf Alparslan ARGUN'"", 2* Ozgiir CAKMAKCI

Karamanoglu Mehmetbey University, Kazim Karabekir Vocational School, Karaman, TURKIYE
yusufargun@kmu.edu.tr, 2ozgurcakmakci@kmu.edu.tr

(Received: 22.01.2024; Accepted in Revised Form: 24.08.2024)

ABSTRACT: Climate change is a major concern around the world. In this context, the carbon footprint of
animal waste is of critical importance for sustainability and climate change management. The aim of this
study is to estimate the carbon footprint resulting from animal breeding and animal waste in the Karaman
region. In the study, 2022 data was used and there are 1019277 sheep and 81368 cattle for Karaman. In the
study, Tier 1 and Tier 2 approaches were used to estimate methane gas emissions related to both enteric
fermentation resulting from animal digestive processes and manure management. According to the results
of the study, the results obtained using Tier 1 and Tier 2 approaches are as follows: 0.4924-0.5014 kg CO2e
per 1 liter of milk for Cattle. For sheep, it is 4.5167-6.5627 kg CO2e per 1 kg of meat. For goat, it is 5.0813-
6.0231 kg CO2e per 1 kg of meat. These results can be taken into account when creating strategies to reduce
methane gas emissions. It is recommended to add better quality and high energy content foods to the feed
ration, especially to reduce enteric fermentation. In addition, this study is a resource for relevant
researchers working in the field in calculating the carbon loads of animal waste and is thought to be a
guide for decision makers and practitioners.

Keywords: Carbon Footprint, Greenhouse Gas, Tier Approaches, Carbon Emission, Karaman
LINTRODUCTION

Increasing world population and human needs have led to resource depletion and environmental
problems, including global warming and climate change. The Kyoto Protocol specifies greenhouse gases
and emission sources responsible for global warming as carbon dioxide (CO2), methane (CH4), nitrogen
oxide (N20), hydrofluorocarbons (HECs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6) [1], [2].
The carbon footprint is a measure of these emissions in terms of carbon dioxide and is divided into primary
and secondary categories. This study focuses on the firstly carbon footprint.

The Intergovernmental Panel on Climate Change (IPCC) has developed Tier 1-2-3 methods for
calculating greenhouse gas emissions [3, 4]. According to the Food and Agriculture Organization (FAO),
18% of total greenhouse gas emissions originate from agricultural activities, with 14.5% of this figure
attributed to livestock production. Livestock farms are significant sources of CH4 and N2O emissions.
These gases have a much higher global warming potential than CO2 [5, 6]. In the USA, the livestock sector
accounts for 28% of antropogenic methane emissions [7]. Methane gas is produced as a result of the
anaerobic decay of organic compounds found in the feces and manure of farm animals, posing a global
problem. The annual methane gas emission from this source is estimated at 9.3 teragrams (Tg),
contributing to 5% of the total global methane emissions [8, 9].

The livestock sector significantly contributes to global greenhouse gas emissions [10]. During milk
production, the major greenhouse gas released is methane (CH4), mainly produced by microbial
fermentation in the digestive tracts of ruminant animals like cattle and sheep [11]. Methane is a greenhouse
gas 25 times more potent than carbon dioxide (CO2) and lingers in the atmosphere for approximately 12
years [12]. Therefore, the livestock sector must develop strategies to reduce methane emissions and
decrease its carbon footprint [6].

*Corresponding Author: Ozgiir CAKMAKCI, ozgurcakmakci@kmu.edu.tr


mailto:ozgurcakmakci@kmu.edu.tr
mailto:yusufargun@kmu.edu.tr
mailto:ozgurcakmakci@kmu.edu.tr
https://orcid.org/0000-0001-6452-3634
https://orcid.org/0000-0002-9152-5069

784 Y. A. ARGUN, O. CAKMAKCI

The life cycle analysis (LCA) method can evaluate the carbon footprint of the livestock industry,
calculating environmental impacts throughout a product or service's life cycle. LCA covers various stages
of milk production, including feed production, animal care, manure management, milk processing, and
distribution, measuring greenhouse gas emissions throughout these stages [13].

Numerous studies in the literature calculate the carbon footprint of milk production in different
countries and production systems. These studies demonstrate that the carbon footprint of milk production
varies depending on regional and systemic factors. For instance, studies by [4], [14-31] have reported that
the carbon footprint of milk production varies depending on factors such as feed efficiency, animal
productivity, manure management, energy use, transportation distance, and climatic conditions.

In conclusion, the carbon footprint of milk production is a crucial aspect of the battle against global
warming. The LCA method is employed to calculate and reduce the carbon footprint of milk production.
It is evident from the literature that the carbon footprint of milk production varies based on regional and
systemic factors, and various strategies have been proposed to decrease methane emissions. Implementing
these strategies can contribute to the sustainability of dairy production, but their cost-effectiveness,
socioeconomic, and environmental impacts must also be considered.

The goal of this study is to estimate the carbon footprint resulting from animal activities in the
Karaman region using Tier 1 and Tier 2 approaches.

2.MATERIAL AND METHODS
2.1. Current Situation of Karaman Province

Karaman Province is located in the south of Turkey and is situated between 37°-11' north latitude and
33°-13' east longitude. It is bordered by Mersin and Antalya to the south, and Konya to the west, north,
and east. The city center is situated on a plain, with extensions of the Taurus Mountains to the south. The
province is divided into 6 districts, 10 towns, and 154 villages. The geographical landscape of Karaman
Province exhibits a unique characteristic where the northern part is covered with steppe vegetation, while
the southern part is abundant in forests. Although the majority of the province's land is mountainous, the
city center is located in a flat area [32].

The total land area of the province covers 885,100 hectares, with 39% dedicated to agricultural lands,
23% to meadow pasture areas, 27% to forested areas, and 11% to other uses. Crop production spans across
346,848 hectares throughout the province, with 62% of these areas allocated to field crops and 15%
reserved for fallow lands. Specialized products such as fruit orchards cover 8.7% of agricultural lands,
vineyards 1.4%, and vegetable cultivation 3.9%. Agriculture and animal husbandry are the primary
sources of income for the regional economy in Karaman Province, highlighting the importance of this
sector in the region [33, 34].

2.2. Data Collection

For this study, data regarding the number of animals in villages and neighborhoods were acquired
from the provincial directorate of agriculture and forestry to determine the quantity of animal waste in
Karaman Province and its districts. Human population and animal number data for the districts are
presented in Table 1.

The geographical coordinates of Karaman Province, its districts, neighborhoods, and villages were
recorded using the ArcMap 10.5 software.

The distribution of the number of animals in Karaman Province's districts was analyzed to calculate
the potential carbon footprint resulting from animal waste. This data was then transferred to the ArcMap
10.5 software for density analysis.
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Table 1. Population and Animal Number Data for DistrictsTable

District Number of Number of Number of Human
Cattle Sheep Goats Population

AYRANCI 7138 258738 21875 7859
ERMENEK 5372 14684 35335 27417
BASYAYLA 1457 3681 4859 3508
KAZIMKARABEKIR 3541 24828 6219 4404
SARIVELILER 3005 5620 7205 11232

CENTRAL DISTRICT 60855 479890 156343 247334

2.3. Business Status

In this section, the factors that are effective in the formation of climatic environmental conditions in
the livestock barns where the study was conducted are explained. Additionally, various variables such as
barn types, capacities, ventilation systems, manure removal methods and barn layouts vary among
livestock facilities. More extensive livestock farming is done than commercial livestock farming.
Therefore, the number of places where animal husbandry is carried out within the framework of a certain
system is low density.

For this reason, Tier-2 data for places where livestock activities are carried out were included in the
calculations based on average range values (Table 2).

Table 2 Acceptances regarding livestock activities used in Tier-2

Ym Value Source
Cow Sheep Goat ‘
Ym 6,5 4,5 4,5 [35]
ASH 8% 9% 9% [36]; [37]; [38]
Livestock weight 550 kg 45 kg 40 kg [39]; [40]
Ca 0.17MJ d'kg? 0.009M]Jd/kg! 0.009M]Jd/kg? [35]
Daily milk production 3,2 ton/year 0,8 ton/year 0,8 ton/year [41]; [42]
Milk Fat percentage %3,5 %6 %4,5 [43]; [44]; [45]; [46]
Cp 0,1 0,126 0,077 [35]
Wool/Fleece quantity - 3,6kg/yil - [47]
Feed Ration 12 kg/day 0,9 kg/day 0,9 kg/day [48]; [49]; [50]; [51]

2.4. Carbon Footprint Calculation

In this study, Tier methods published by IPCC were used to examine methane (CH4) and carbon
dioxide (CO2) emissions caused by dairy cattle farming, sheep and goat breeding sub-sectors within the
livestock sector [35]. The IPCC 2006 National Greenhouse Gas Inventory Guide provides methodologies
to be used in estimating national inventories and is the main methodological source for this study.

In our study, sector and technology data were the main deciding factors when choosing the calculation
method. Tier approaches determined by the IPCC are divided into three, but Tier 1 and Tier 2 approaches
were used in this study.

When we calculate carbon footprint, the calculation is made per specific functional unit. For example,
for dairy cattle farming, functional units such as 1 kg of processed milk or 1 hectare of agricultural land
are taken as basis. This choice has been important in interpreting the results in regions where production
is concentrated [52, 53, 4].
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The carbon footprint calculation process, which is the main purpose of our study, was made on a per
kg product basis. Emissions are typically corrected based on factors such as kg live weight or carcass
weight for meat production systems and solids content per kg milk for dairy production systems.
However, it is important to note that these rules do not apply to some special cases. In particular, different
approaches are required for boneless meat and protein. Additionally, some studies also present a measure
of output per domain [54, 55].

Therefore, this study calculated the carbon footprint through functional units such as 1 liter of milk in
cattle enterprises and 1 kg of meat in sheep enterprises.

2.4.1. Tier 1 approach

The Tier 1 method is one of the simplest and most basic calculation methods, and in this method
equations and default parameter values (e.g. emissions and stock change factors) are provided. The Tier 1
approach is based on country-specific activity data, but often sources of estimates for various parameters
are available worldwide (e.g. deforestation rates, agricultural production statistics, global land cover
maps, fertilizer use, animal population data, etc.) and specific values may not be available [35].

In carbon footprint calculations related to fertilizer management, the emission factor according to the
Tier 1 method varies depending on the physical conditions (indoor or outdoor) and temperature
conditions of the place where the manure are stored or preserved [56]. In accordance with the IPCC
guidance, the Tier 1 approach is a simplified method for estimating emissions that only includes selected
data for specific animal species, subcategories and climate zones or temperature ranges, together with the
default emission factors found in the guidance [35]. In this study, equation 2.1 was used to calculate the
carbon footprint resulting from manure management.

CHdreritizer =3 ELg 2.1)
In this equality;
CH4ktertiizer  : Methane emissions from manure management (Gg CH4/year)
EF) : Emission factor for the defined livestock sector (kgCHVhead/year)
Nm : Number of animals in the population
T : Animal type

EF(T) values were determined using emission factors selected from Table 10.14 and Table 10.15 based
on the subcategories specified in the IPCC 2006 guidance. These tables were created taking into account
the differences in the development levels of the countries and the fertilizer management systems used.
Additionally, another important parameter such as temperature was also taken into account. It has been
noted that Turkey is evaluated in the category of developing countries and the average temperature of
Karaman province is 12°C according to measurements between 1991-2020 [57]. Therefore, emission factor
selections were made from the intersections of these values. Based on the data provided as reference in
the IPCC guideline, methane emission factor tables resulting from manure management varying with
temperature values for the Tier 1 approach are given below (Tables 3 and Tables 4).
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Table 3. Methane emission factor from manure management for cattle [35].

Cold Temperate Hot

<10°C 11°C12°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 10 1013 14 15 2021 22 23 25 27 28 30 33 35 37 42 45 46
Cattle
Other ¢ 6 7 7 8 9 10 11 11 12 13 14 15 16 18 19 21 23 23
Cattle

Table 4. Methane emission factor due to manure management for small ruminants that varies with
temperature values [35].
Cold (<15°C)  Temperate (15°C-25°C) Hot (>25°C)

Sheep

Developed
countries 0.19 0.28 0.37

Developing

. 0.10 0.15 0.20
countries

Goat

Developed 0.13 0.20 0.26
countries

Developing
countries

0.11 0.17 0.22

In the methane emission factor tables due to manure management, in this study, it was determined as
13 kg CH/head.year for cattle, 0.13 kg CH/head.year for goat enterprises and 0.13 kg CH/head.year for
sheep pen enterprises.

Another important source of methane originating from livestock subcategories is the rumination
process that animals carry out during digestion. Methane is a byproduct produced as a result of enteric
fermentation that occurs in the digestive system of grazing animals. Enteric fermentation is carried out by
microorganisms that carry out the digestive process by breaking down carbohydrate molecules in the
bloodstream of the grazing animal into simple molecules [56]. The amount of methane produced varies
depending on the animal's digestive system type, age, weight, and the quality and quantity of feed
consumed [35].

In this study, the Tier 1 approach specified in the IPCC guideline was used to calculate methane (CH4)
emissions from enteric fermentation. This approach uses default emission factors to estimate emissions
and includes key data such as animal species, diets and annual milk yields. Additionally, equation 2.2 was
used for the calculations, which is a mathematical formula used to estimate CH4 emissions from enteric
fermentation. This equation is a useful tool for calculating emissions, taking into account the
characteristics and feeding habits of animals [35].

Emissions =(EFr) X (35) 2.2)
In this equality;

Emissions : Methane emissions from enteric fermentation (Gg CH4/year)

EF(T) : Emission factor for the defined livestock sector (kgCH4.head/year)

N(T) : Number of animals in the population

T : Animal type
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EF(T) values are calculated using emission factors selected from Table 10.10 and Table 10.11 based on
subcategories in the IPCC 2006 guidance. These tables take into account the differences in the development
levels of the countries and the feed compositions used. For the Tier 1 approach, enteric fermentation-
derived methane emission factor tables, which vary according to temperature values, were created as
stated in Tables 5 and Tables 6.

Table 5. Methane emission factor from enteric fermentation for cattle [35].

Animal Category Emission Factor Description
Dairy Cattle 99 A"erag_e Milk
Eastern European Production 2550

Includes cattle, bulls and
young animals

Country Category Other Cattle 58

Table.6. Methane emission factor from enteric fermentation for sheep [35]

Animal Category Developed country Developing country Live weight

65 kg - developed
45 kg-developing country
Keci 5 5 40 kg

Koyun 8 5

In the study, using Table 4 and Table 5, the methane emission factor originating from enteric
fermentation was selected as 99 kg CH4/head.year for dairy cattle and 5 kg CH4/head.year for goat and
sheep pen enterprises.

2.4.2 Tier 2 approach

The Tier 2 approach follows a similar methodological approach as Tier 1, but the key difference is the
use of emission factors based on country- or region-specific data. Country-specific emission factors better
adapt to factors such as climate zones, land use systems and livestock categories in that country and allow
for a more accurate carbon footprint estimate. The Tier 2 approach is also more suitable for specific regions
or land use/livestock categories, using more detailed data and subcategorized activity data [35].

Determining the Tier 2 approach is based on estimating the gross energy intake when calculating the
enteric emissions of a particular animal species in the animal population. Gross energy is calculated by
several factors and includes:

1. Net energy required for maintenance
. Net energy required for daily activities
. Net energy required for growth
. Net energy required for lactation (milk production)

. Net energy required for operation

. Net energy required for wool production

. Net energy required for pregnancy

. Ratio of net energy available in the feed to digestible energy consumed (REM)

. Ratio of net energy available for growth in nutrition to digestible energy consumed (REG)

Calculation of these factors is used to determine gross energy. In this study, equation 2.3 was used for
gross energy calculation. This approach provides more detailed data to obtain more precise results and

O 00 N O Ul i W IN

estimate enteric emissions for specific animal species [58].

_[(NEm+NEa+NEI+NEw+NEp NEg+NEwool DE.
GE_[( REM ) + ( REG )] /(h 359 (2.3)
In this equality;

GE : Gross Energy (M]/day)
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Nem : Net energy needed by the animal for care (M]/day)

Nea : Net energy required by the animal for activity (M]/day)

NEl  :Net energy required by the animal for lactation (M]/day)

New : Net energy required by the animal for work (MJ/day)

NEp : Net energy required by the animal for pregnancy (M]/day)

NEg : Net energy required by the animal for growth (M]/day)

NEwool :Net energy required by the animal for wool production (M]/day)

REM : The ratio of the net energy available in the feed to the digestible energy consumed
REG : The ratio of net energy available for growth in nutrition to digestible energy consumed
DE : Digestible energy expressed as a percentage of gross energy (%)

Tables used to determine gross energy for dairy cattle, sheep and goat enterprises are included in
Annex 10A.1 of Chapter 10 of the IPCC 2006 guide. These tables present variables such as gross energy
intake, metabolizable energy, net energy maintenance and net energy production by animal categories
and subcategories. These variables can be used to calculate the values of the parameters in the formulas
used to determine gross energy. For gross energy calculation, separate tables and values were taken into
account for dairy cattle enterprises, separate tables for sheep farming enterprises and separate tables for
goat enterprises.

After gross energy calculations were completed, equation 2.4 was used in this study to calculate
methane emissions from enteric fermentation for selected livestock categories. This approach helps the
study obtain more precise and specific results and aims to estimate the carbon footprint more accurately

[4].

Ym

EF = GEx(m)XSGS (2‘4)
55,65

In this equality;

EF :Emission factor from enteric fermentation (kg CH4/head.year)

GE : Gross energy (M]/day)

Ym : Methane conversion factor (percentage of gross energy in feed converted to methane)
55.65 :Methane energy content (M]/kg CH4)

Dairy cattle, sheep and goats vary significantly from country to country in terms of management
characteristics and manure management systems. In the Tier 2 method, the calculation of methane
emission factors from manure depends on the manure properties and manure management system
features [35]. In this study, equation 2.5 was used to calculate the methane emission factor from fertilizer.

MCFs,k

EF = (VST X 365) X [Bo(T) X 0,67 X (X —-7) X MSt, s, k (2.5)

In this equality;

EF : Annual CH4 emission factor for the livestock category

VST : Volatile solids excreted daily from the animal category (kg dry matter/head.day)

Bo(T) : Maximum methane production capacity for fertilizer produced by animal category (m3
CH4/kg)

0.67  :m3 CHVin kg CH4 conversion factor

MCE(s,k) : Methane conversion factor (%) for each manure management system according to
climate zone

MS(T,S,K) : Animal category, manure management system, climate zone fraction (dimensionless)

There is another equation that should also be used for the VS(T) parameter used in this equation. The
equation to be used in the calculation is given in 2.6.
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%DE

1-ASH
VS = (GE x (1 =222) + (UE x GE)) x ( — ) (2.6)
In this equality;
VS : Volatile solids (kg VS/day)
GE : Gross energy (M]/day)
DE% : Percentage of digestible food. It will be selected according to mortar categories and

feeding diversity in Table 10.2.

(UE*GE) : Urinary energy is expressed as a fraction of gross energy. Typically 0.04GE can be
considered the urinary energy excretion by most ruminants.

ASH : Ash content of manure.

18.45 : Conversion factor for gross energy per kg dry matter (MJ/kg).

The numerical data obtained in this study are the results of emission factors calculated using Tier
approaches. In order for this data to be used for carbon footprint estimation, it must be multiplied by CO2
equivalent (CO2e) conversion factors. The IPCC uses equivalence factors to convert greenhouse gas
emissions into CO2e. These factors are calculated based on the 100-year global warming potential of
different greenhouse gases. According to IPCC data in 1997, the 100-year global warming potential of CH4
was accepted as 21, N20 as 310 and CO2 as 1 [59]. However, in subsequent updates, the equivalence
factors were changed according to the update made by the IPCC [35]. After this update, the 100-year
global warming potential of CH4 is accepted as 25, N2O as 298, and CO2 as 1 [55]. CO2 equivalence
conversion rates are given in Table 7.

Table 7. Greenhouse gases CO2 equivalent conversion factors [55].

Greenhous CO2eq CO2eq .
e Gas Name [59] [35] Main Source
CO2 Carbon dioxide 1 1 Fossil fuels, deforestation

Rice fields, animal stomachs,
CH4 Methane 21 25 biomass burning, landfills, leaks in
natural gas pipelines, mines
Chemical fertilizers, fossil fuels,

N20 Nitroxide 310 298 .
nylon production

In addition to methane emissions from enteric fermentation and fertilizer management, other
emissions also occur in the businesses in the study area for various reasons. These reasons include
emissions resulting from ventilation, heating, cooling, lighting, electricity and fuel consumption used in
businesses. In the dairy cattle enterprises and sheep barn enterprises covered by the study, various
operations such as milking, heating, manure cleaning and manure removal are carried out even if natural
ventilation is used [6].

When calculating the carbon footprint, conversion factors used for electricity and fuel consumption
are also taken into account. The emission factors used in this study are as follows: 2.66 kg CO2e/kg for
diesel fuel, 2.86 kg CO2e/kg for coal heating and 0.40 kg CO2e/kW/hour for electricity used in various
production activities within the enterprise (Table 8) [25].

This information was used to take into account the full scope of emissions to calculate the carbon
footprint of the study. In this way, the contributions of businesses to greenhouse gas emissions are
evaluated from a more holistic perspective.
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Table 8. Electricity and fuel emission factors used in carbon footprint [25]

Emission Source Coefficient Unit
Diesel 2,66 kg CO2 eq/ kg
Electric 0,40 kg CO2 eq kW/h
Coal 2,86 kg CO2 eq/ kg

3. RESULTS AND DISCUSSION

In this study, Tier 1 and Tier 2 approaches developed by IPCC were used to calculate the carbon
footprint for selected livestock facilities. The aim is to estimate the greenhouse gas emissions and carbon
footprint caused by cattle and sheep farming activities in Karaman city center, districts, villages and
neighborhoods. Calculating the carbon footprint and evaluating the results is important to understand the
potential of animal production enterprises in Karaman province to reduce greenhouse gas emissions and
to determine these measures. This study can help create and implement policies and practices to reduce
greenhouse gas emissions.

The results of the study can be used to determine which livestock activities create the most emissions
and in which regions these emissions are concentrated. This information can be used to identify areas
where measures to reduce carbon footprint should be focused. It may also be useful to evaluate the
effectiveness of measures to reduce the environmental impact of livestock enterprises.

As a result, this study should be seen as an important step to understand and reduce the
environmental impacts of the animal production sector in Karaman province. This can contribute to
promoting a sustainable livestock sector.

3.1. Carbon Footprint According to Tier 1 Approach

In the study, carbon footprints of livestock activities within the borders of Karaman province were
determined using the Tier 1 approach of the IPCC guide. This calculation approach was made taking into
account the geographical location of the region and annual average temperature data. The carbon footprint
per 1 liter of milk for cattle is calculated as 0.4924 kg CO2e, and the annual total carbon footprint of these
animals is determined as 227830.4 tons CO2e.

In study [58], it was mentioned that a carbon footprint of 0.4215 kg CO2e per 1 liter of milk was
determined for dairy cattle in Bursa, and the total annual carbon footprint of the dairy cattle enterprise
was 461 tons of CO2e. In this study, it was stated that the carbon footprint of a dairy cattle enterprise
consists of four components: enteric fermentation, manure management system, fuel and electricity
consumption within the enterprise. Additionally, it was stated that the values used to calculate the carbon
footprint resulting from dairy farming in Ireland. In study were close to other similar studies [60],
greenhouse gas emissions were expressed as CO2 equivalents. Emissions per hectare for dairy farming
were calculated as 6,835 kg CO2e/year, and for beef production as 4,859 kg CO2e/year. These emission
values are associated with all land areas within the scope of the study. In [23] study, Canada's dairy sector
was examined and a model was developed to estimate the carbon footprint of dairy products. The carbon
footprint of raw milk varies in different regions and is calculated as 0.93 kg CO2e/1 L milk in the western
regions and 1.12 kg CO2e/1 L milk in the eastern regions.

All these studies show that different approaches can be used to determine and reduce the carbon
footprint of the livestock sector and that geographical, climatic and operating differences can affect the
results. The carbon footprint amounts calculated at the end of the study are similar to studies conducted
in similar regions.

According to calculations made for Karaman province, 4.52 kg CO2e is emitted per 1 kg of meat
production for sheep barns, and 5.08 kg CO2e is emitted per 1 kg of meat production for goat barns. These
results show that the factors that contribute to the carbon footprint of cattle also apply to sheep and goat



792 Y. A. ARGUN, O. CAKMAKCI

pens. The annual carbon footprint for sheep pens was calculated as 160,047.4 tons CO2e, and for goat pens
it was determined as 47,120.7 tons CO2e.

These results are consistent with previous studies. The study conducted revealed that sheep pens emit
0.0912 kg of CO2e per 1 kg of meat production and the annual carbon footprint of the enterprise is 329
tons of CO2e [58]. This study indicates that the factors that contribute to the carbon footprint of dairy
cattle enterprises are also valid for sheep enterprises. It divided carbon footprint calculations in sheep
farms in Australia into two: methane emissions from manure and methane emissions from enteric
fermentation [61]. According to this study, methane emissions from manure were calculated as 0.00076
kg CO2e per 1 kg of meat production, and methane emissions from enteric fermentation were calculated
as 4.6 kg CO2e per 1 kg of meat production. In the research conducted by [17], a literature review was
conducted on the factors affecting the size of emissions and surveys were conducted on two farms with a
more intensive production system and a larger system. In the farm with a more intensive production
system, 0.4 kg of methane emission per kg of sheep meat was detected, and in the farm with a larger
production system, 0.9 kg of methane emission per kg of sheep meat was detected. These differences have
been attributed to factors such as lambs remaining on pasture longer and the addition of more forage. The
study also showed that emission amounts may vary depending on various factors such as feed
composition, feed quality, age of the animals, the duration they are active, breed and gender.

The carbon footprint amounts obtained using the Tier 1 approach are given in Table 9 and the
Karaman-wide CO2 distribution map is given in Figure 1.

Calculations show that the carbon footprint amounts of livestock activities in Karaman province are
at different levels. These results help to identify the main reasons why emission amounts vary between
livestock subcategories. Two main reasons stand out: Enteric fermentation of ruminant animals and
differences in manure management systems. This information can form an important basis for developing
environmental sustainability strategies and reducing emissions at the regional level. Additionally, these
data can contribute to the development of better practices to reduce the environmental impact of livestock
farming enterprises.

Table 9. CO2 equivalent amounts of Districts in terms of animal waste (Tier-1)

District Cattle Sheep Goat Grand Total
Total tons CO2eq Total tons Total tons tonnes CO2eq
CO2eq CO2eq

AYRANCI 19986,4 52588,4985 4446,09375 77020,99225
ERMENEK 15041,6 2984,523 7181,83875 25207,96175

BASYAYLA 4079,6 748,16325 987,59175 5815,355
KAZIMKARABEKIR 9914,8 5046,291 1264,01175 16225,10275
SARIVELILER 8414 1142,265 1464,41625 11020,68125
CENTRAL DISTRICT 170394 97537,6425 31776,71475 299708,3573

Total 227830,4 160047,3833 47120,667 434998,4503
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Figure 1 CO2eq distribution map across Karaman using Tier 1 approach

3.2. Carbon Footprint According to Tier 2 Approach

In this study, the carbon footprint of livestock enterprises operating in Karaman province was
determined with the Tier 2 approach included in the guide published by [35]. The Tier 2 approach takes
into account parameters that vary depending on the species, age group, nutritional level and climatic
conditions of the animals. These parameters include factors such as live weight of the animals, daily feed
consumption, nutritional value of the feed, type of digestive system of the animals, and manure
management system. In this study, carbon footprint calculations were made for cattle, sheep and goats
using parameters selected in accordance with the geographical location and climatic characteristics of
Karaman province. According to the results of the study, the carbon footprint of milk obtained from cattle
was determined as 0.5013 kg CO2e/1 L. The total annual carbon footprint of cattle was found to be 231995.7
tons CO2e. 88% of this amount comes from enteric fermentation (204,000 tons CO2e) and 12% comes from
fertilizer management (27,995.7 tons CO2e). The carbon footprint of meat obtained from sheep and goats
was determined as 6.5627 kg CO2e / 1 kg meat and 6.0231 kg CO2e / 1 kg meat, respectively. The annual
total carbon footprint of sheep and goats was found to be 232548.1 tons CO2e and 55854.67 tons CO2e,
respectively. Of these amounts, 93% (216.169% tons CO2e and 51.954% tons CO2e) comes from enteric
fermentation, and 7% (16.379% tons CO2e and 5.900% tons CO2e) comes from manure management (Table
10). It has been observed that a large part of the carbon footprint originates from enteric fermentation,
while manure management has a smaller share. Detailed results of the study obtained using the Tier 2
approach are presented in Table 11 and the CO2 equidistribution map of Karaman province is presented
in Figure 2.
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Table 10 Methane formation amounts from fertilizer and fermentation in the districts in terms of animal

waste
CH4 from CH4 from CH4 CH4 from CH4 from CH4 from
cattle SHEEP from SHEEP GOAT
L manure manure GOAT  fermentati fermentatio fermentatio
District
manure n n-
EF(annual)(methane)(kg)
AYRANCI 96109,374  192809,08 13298,39  717962,606 2863624,955  197509,419
3 3
ERMENEK 72331,123  10942,376  21481,08 540332,743 162517,561 319039,787
4
BASYAYLA 19617,730  2743,046  2953,915  146549,666 40740,067 43871,920
KAZIMKARABEK 47677,682  18501,588 3780,695 356164,974  274787,933 56151,363
iR
SARIVELILER 40460,727 4187970  4380,110  302252,400 62200,265 65053,959
CENTRAL 819380,215 357609,43 95045,05 6120988,289 5311260,733 1411621,267
DISTRICT 9 8
Table 11. CO2eq amounts of Districts in terms of animal waste (Tier-2)
Cattle Sheep Goat Grand Total
District Total tons CO2eq  Total tons CO2eq Total tons tonnes CO2eq
CO2eq
AYRANCI 20351,79952 76410,85096 5270,195321 102032,8458
ERMENEK 15316,59667 4336,498448 8513,021791 28166,1169
BASYAYLA 4154,184911 1087,077825 1170,6459 6411,908637
KAZIMKARABEKIR 10096,06642 7332,238046 1498,301472 18926,60594
SARIVELILER 8567,82818 1659,705889 1735,851762 11963,38583
CENTRAL DISTRICT 173509,2126 141721,7543 37666,65815 352897,6251
Total 231995,6883 232548,1255 55854,6744 520398,4882
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3.3. Comparison of Tier 1 and Tier 2 Approaches
Comparative results of carbon footprint values for BBH, Sheep and Goat enterprises as a result of

calculations made using the Tier 1 and Tier 2 Approaches and parameters in the IPCC guide. Table 12 is
also given.

Table 12. % change rates by Animal Type

Tier 1 Approach Results Tier 2 Approach Results

% Rate of change
0,4924 kg CO2e/1 L milk 0,5014 kg CO2e/1 L milk
Cattle 1,8
5,6 kg CO2e/1 kg meat 5,7 kg CO2e/1 kg meat
0,1856 kg CO2e/1 L milk 0,2697 kg CO2e/1 L milk
Sheep 31,17
4,52 kg CO2e/1 kg meat 6,56 kg CO2e/1 kg meat
0,4491 kg CO2e/1 L milk 0,5323 kg CO2e/1 L milk
Goat 15,63
5,08 kg CO2e/1 kg meat 6,02 kg CO2e/1 kg meat

According to the results given in Table 12, carbon footprint values calculated with the Tier 2 approach

are higher than the Tier 1 approach. This is because, in the Tier 2 approach, private data of livestock
enterprises and the work area are included in carbon footprint calculations. In the Tier 2 approach,
parameters such as live weight of the animals, daily feed consumption, nutritional value of the feed, type
of digestive system of the animals, and manure management system are taken into account. These
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parameters are factors that affect the carbon footprint. In the Tier 1 approach, these parameters are ignored
and fixed emission factors are used depending on the type and number of animals. Therefore, the Tier 2
approach provides more realistic and accurate results.

However, carbon footprint values calculated with the Tier 2 approach increase at different rates
depending on animal species. As seen in Table 12, the carbon footprint value calculated with the Tier 2
approach for cattle is 1.8% higher than the Tier 1 approach. This rate is 31.17% for sheep and 15.63% for
goats. This difference is due to factors such as the feeding style of the animals, manure management
characteristics and the climatic conditions of the study area. These factors affect the carbon dioxide
equivalent (CO2e) emissions of animals.

The parameters used in this study are accepted data found in the guide published by the [35].
However, it should not be forgotten that these parameters may vary depending on the climatic data of the
study area. Therefore, it is important to take into account the specific conditions of the work area when
making carbon footprint calculations. This study shows that the Tier 2 approach is more appropriate than
the Tier 1 approach in determining the carbon footprint of the livestock sector.

4.CONCLUSION

This study aimed to reveal the contribution of livestock activities in Karaman province to global
warming through carbon footprint analysis. In the study, carbon footprint calculations were carried out
using Tier 1 and Tier 2 approaches, taking into account the population of 81368 Cattle, 787441 Sheep and
231836 Goats in the province. Additionally, strategies proposed in the literature to reduce carbon footprint
were evaluated. As a result of the study, a result of 0.4924 kg CO2e per 1 L of milk, which is the functional
unit for Cattle, was reached in the Tier 1 approach. It is estimated that 88% of this result is CH4 emissions
resulting from enteric fermentation as a result of the animal ruminating. It was determined that the
remaining 12% was due to the fertilizer management system. The carbon footprint calculation result using
the Tier 2 approach was obtained as 0.5014 kg CO2e per 1L of milk for Cattle.

When the Tier 1 approach was used in the calculations for sheep pens, it was 4.5167 kg CO2e per 1kg
of meat, while as a result of the calculation using the Tier 2 approach, 6.5627 kg CO2e per 1kg meat was
found. In the calculations made for goat pens, when the Tier 1 approach was used, 5.0813 kg CO2e per
1kg of meat was found, while as a result of the calculation made using the Tier 2 approach, 6.0231 kg CO2e
per 1kg of meat was found.

According to the findings of the study, it was observed that there were significant differences in carbon
footprint values between animal categories and subcategories. When the Tier 2 approach was used, carbon
footprint values were higher than the Tier 1 approach. This shows that the Tier 2 approach provides a
more realistic assessment [35]. It has been determined that most of the carbon footprint is caused by enteric
fermentation. Enteric fermentation is the production of methane gas by microorganisms in the stomachs
of ruminant animals during the digestive process. Methane gas is one of the most important greenhouse
gases in the atmosphere and its global warming potential is 28 times greater than carbon dioxide [62].
Some strategies suggested in the literature to reduce methane emissions from enteric fermentation include
adding ionophores, oils, high-quality feeds or grains to the animal's diet, or using compounds that inhibit
methane production in the animals' stomachs [63, 14, 16, 42].

Another finding of the study is that the manure management system also contributes to the carbon
footprint. Manure management system can be defined as the collection, storage, processing and use of
animal manure. The manure management system can affect emissions of both carbon dioxide and other
greenhouse gases such as methane and nitrous oxide. Some strategies suggested in the literature to reduce
greenhouse gas emissions from manure include improving manure operating systems or composting [64].

As a result of the study, it was revealed that livestock activities in Karaman province make a
significant contribution to global warming. To reduce this contribution, mitigation methods from both the
source and the environment should be applied. Source reduction methods are activities aimed at
preventing or reducing the formation of greenhouse gases. Environmental mitigation methods are
activities that enable the removal or storage of greenhouse gases from the atmosphere. In this study,
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prevention strategies such as changing barn and coop designs or reducing the protein content of the feed
ration were suggested among source reduction methods. In addition, environmental reduction methods
include options such as afforestation, biomass energy, carbon capture and storage [62].

This study is important as it is the first study to evaluate the effects of livestock activities in Karaman
province on global warming. It carried out a carbon footprint analysis to determine the effects of livestock
activities in Karaman province on global warming. As a result of the study, carbon footprint values by
animal categories and the factors affecting them were revealed. Additionally, various strategies and
greenhouse gas emissions reduction methods suggested in the literature to reduce carbon footprint were
evaluated. This study provides information that may be useful to both the livestock sector and all
stakeholders combating global warming. However, the study also has some limitations. For example, only
Cattle, Sheep and Goat populations were considered in the study. Other animal species and poultry can
also contribute to the carbon footprint. Additionally, only the direct effects of livestock activities were
taken into account in the study. Indirect effects of livestock activities, such as feed production,
transportation and processing, can also affect the carbon footprint. Therefore, future studies should also
focus on these issues.
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