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1. Introduction 

The excessive use of fossil fuels seriously threatens the future of 

the world. The rising levels of various pollutants as well as green-

house gas emissions are caused by the use of fossil fuels [1]. Glob-

ally, fossil fuel usage has grown significantly in recent years, wors-

ening environmental pollution and other issues [2]. Greenhouse 

gases are gases that trap solar radiation in the Earth's atmosphere, 

leading to global warming. The carbon footprint refers to the total 

amount of greenhouse gases, primarily carbon dioxide (CO2), 

emitted into the atmosphere as a result of human activities, partic-

ularly burning fossil fuels like coal, oil, and natural gas. These 

emissions contribute to the greenhouse effect, leading to global 

warming and climate change. Calculating a carbon footprint in-

volves assessing the emissions associated with various activities, 

such as energy consumption, transportation, food production, and 

more. Both direct emissions (e.g., exhaust emissions from vehicles) 

and indirect emissions (e.g., emissions from the production and 

transportation of goods) are taken into account. The carbon foot-

print is typically expressed in metric tons of CO2 equivalent (CO2e), 

a unit that standardizes the different greenhouse gases based on 

their global warming potential. The environmental impacts of the 

carbon footprint are comprehensive and pose significant chal-

lenges for the planet. According to the Intergovernmental Panel on 

Climate Change (IPCC), using six different emission scenarios as 

examples, it is anticipated that CO2 concentrations will experience 

a rise in the upcoming century. These concentrations, which cur-

rently stand at 369 parts per million, are projected to increase to a 

range between 540 and 970 parts per million [3]. 

The carbon footprint depends on several factors, such as energy 

consumption, transportation, industrial activities, agricultural and 

food production, energy sources, product manufacturing and trans-

portation, land use and forest management, consumer behavior, 

lifestyle choices, and waste management. Among them, the trans-

portation industry plays a vital role in driving economic and indus-

trial advancement by facilitating the movement of countless tons 

of goods and numerous passengers on a daily basis. Although this 

industry holds immense significance, it presents a grave risk to hu-

man life because of its reliance on petroleum, which is emerging 

as a major contributor to air pollution. Although fossil fuels are 

used in many sectors, the lion’s share of these sectors are in the 

transportation sector. Therefore, the transportation sector is the 

largest producer of greenhouse gases (GHGs) [4]. Approximately 

15% of greenhouse gas emissions and 23% of CO2 emissions are 
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obtained from this sector [5]. Additionally, the transportation sec-

tor increased its emissions by 71% from 1990 to 2016, reaching a 

total of almost 8 Gt CO2. This value is approximately one quarter 

of all emissions worldwide. Cargo transportation stands out with 

42% of this emission amount. It is anticipated that this proportion 

will increase to 60% by 2050 [5]. Countries are taking action to 

combat global warming because of this reason. Agreements and 

protocols have been signed to minimize greenhouse gas emissions, 

and commitments have been required from certain countries. De-

pending on the signed agreements and protocols, some regulations 

have been created to calculate greenhouse gas emissions. Primary 

and secondary carbon footprints are two main components of the 

carbon footprint, which may be measured at the individual or in-

stitutional level. The main carbon footprint consists of the direct 

emission of CO2 resulting from the burning of fossil fuels, which 

includes the energy used at home and for transportation. The addi-

tional footprint accounts for the CO2 released during the produc-

tion of all goods throughout a product's entire life cycle. This addi-

tional carbon footprint encompasses the primary footprint. Ac-

cording to the methods suggested by the IPCC, the carbon footprint 

is measured by converting total greenhouse gas emissions into a 

standard unit of carbon dioxide equivalent [6]. When the literature 

is examined, it is seen that studies on carbon footprints are carried 

out in many different fields. Some of these have been made in re-

cycling facilities [7], university campuses [8], agricultural produc-

tion [9], wastewater treatment plants [10], textiles [11], and trans-

portation [12–16]. 

This study aims to determine the greenhouse gases caused by 

transportation in a specific region and at a certain time. In this con-

text, CO2, which is one of the most important greenhouse gases 

emitted by the combustion of fossil fuels, is particularly empha-

sized. The amount of carbon emissions from road transport in the 

Black Sea region was calculated for the years between 2013 and 

2022. Calculations were performed using the IPCC Tier 1 method, 

which is one of the methods recommended by the IPCC. 

2. Methodology  

2.1 Research area  

Türkiye is a country located at the intersection of Southeastern 

Europe and Western Asia. It is regarded as a transcontinental coun-

try because it is present on both continents. Türkiye is situated be-

tween the Black Sea to the north, the Aegean Sea to the west, the 

Mediterranean Sea to the south, and the Black Sea to the east. The 

state of the Republic of Türkiye borders countries such as Greece, 

Bulgaria, Georgia, Armenia, Azerbaijan, Iran, and Iraq.  Türki-

ye's geography is quite diverse and this diversity has an impact on 

the country's culture and economy. Türkiye is divided into seven 

main geographical regions based on its geographical features. 

These regions include the Mediterranean, Marmara, Black Sea, 

Aegean, eastern Anatolia, southeastern Anatolia, and the central 

Anatolia. In this study, a study was conducted on the carbon diox-

ide emissions of the Black Sea region, which is one of the im-

portant regions of Türkiye. In Fig. 1, the Black Sea region is shown 

on a map of Türkiye. 

 

 
Fig. 1. Black Sea Region 

 

The Black Sea Region is located in the north-eastern part of Tü-

rkiye. The region has a humid and rainy climate. This humidity 

leads to abundant rainfall and rich vegetation cover. Humid cli-

matic conditions create suitable environments for agriculture. A 

significant source of income is the raising of livestock. The region 

is noteworthy for its nautical and fishing sectors, in addition to ag-

ricultural and animal rearing. 

2.2 Method  

The Tier 1 method is a fuel-based approach, as emissions from 

all fuel sources are estimated based on the average of the amounts 

of fuel consumed and emission factors, which are usually derived 

from national energy statistics. In the Tier 1 calculation method, 

the emissions resulting from combustion are calculated using the 

emission factor related to the amount and type of fuel burned [17]. 
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Conversion factors obtained from the IPCC guidelines and cur-

rently used in emission calculations were used for the analyses per-

formed in this study. The CO2 emissions are determined by the 

amount, type, and carbon content of the fuel. The following for-

mulas were used in the analyses using the Tier 1 method: 

 

𝐸𝐶 = 𝐹𝐶 𝑥 𝐶𝐹                  (1) 

𝐶𝐶 = 𝐶𝐸𝐹 𝑥 𝐸𝐶                  (2) 

𝐶𝐸 = 𝐶𝐶 𝑥 𝑂𝑅                  (3) 

𝐺𝐺𝐸 = 𝐶𝐸 𝑥 𝑀𝑊𝑅                (4) 

 

Where 𝐸𝐶  is the energy consumption at TJ, 𝐹𝐶  is the fuel 

consumption, 𝐶𝐹 is the conversion factor, 𝐶𝐶 is the carbon con-

tent, 𝐶𝐸𝐹 is the carbon emission factor, 𝑂𝑅 is the oxidation ra-

tio, 𝐶𝐸 is the carbon emission, 𝑀𝑊𝑅 is the molecular weight 

ratio, and 𝐺𝐺𝐸 is the greenhouse gas emission. The fuel conver-

sion factor, carbon emission factor, and oxidation rate are pre-

sented in Table 1.   

Table 1. Conversion factor, carbon emission factor and oxidation rate 
for fuel types [17] 

Fuel Type 

Conversion 

Factor  

(TJ/Gg) 

Carbon Emission

 Factor  

(kg/TJ) 

Oxidation Rate 

 (-) 

Gasoline 44.3 18.9 0.99 

Diesel 43.0 20.2 0.99 

LPG 47.3 17.2 0.995 

 

3. Results and Discussion 

This study employed the IPCC Tier 1 methodology to compute 

the quantities of CO2 discharged due to the utilization of gasoline, 

diesel, and LPG fuels in road transport within the Black Sea Re-

gion with 18 provinces from 2013 to 2022. Fuel usage amounts in 

the Black Sea Region were taken from the Energy Market Regula-

tory Authority (EPDK) data for the period 2013-2022. The quan-

tities of fuel utilized for transportation during these specified years 

have been presented in Table 2.  

 
Table 2. Fuel consumption amounts between 2013-2022 [18] 
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Fig. 2. Variation of carbon footprint by year in terms of fuel type 
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Between 2013 and 2022, the highest increase in gasoline consump-

tion was in Trabzon Province with 121%, Zonguldak Province with 

a 120 % increase in diesel consumption, and Artvin Province with a 

131% increase in LPG consumption. The variation of carbon dioxide 

emissions according to fuel type based on the provinces is shown in 

Figure 2. Based on the data presented in Figure 2, it can be inferred 

that diesel-fueled vehicles have significantly higher excess CO2 emis-

sions per year than other fuel types. This is followed by LPG and gas-

oline, respectively. It has been observed that CO2 emissions from gas-

oline vehicles have increased at particular rates over the years. When 

the province of Amasya is examined, there has been an increase in 

the amount of CO2 emissions by an average of 7% for gasoline, 5.6% 

for diesel, and 4.32% for LPG every year from 2013 to 2022. Gaso-

line, diesel, and LPG emit more CO2 in the Artvin province every 

year from 2013 to 2022. The annual increase rates for these fuels are 

8.3%, 6.7% and 12.3%, respectively. From 2013 to 2022, the prov-

ince of Bartın saw a yearly increase in CO2 emissions by an average 

of 6.4 % for gasoline, 0.8 % for diesel and 6.2 % for LPG. The 

amount of CO2 emissions from gasoline, diesel and LPG in the prov-

ince of Bayburt has risen by an average of 8 %, 2.7 % and 4.4 % 

respectively each year from 2013 to 2022. From 2013 to 2022, the 

province of Bolu saw a yearly increase in CO2 emissions of 9.4 % for 

gasoline, 6.8 % for diesel and 2.6 % for LPG. When the province of 

Çorum is examined, there has been an increase in the amount of CO2 

emissions by an average of 7.3 % for gasoline, 0.8 % for diesel and 

3.3 % for LPG every year from 2013 to 2022. Gasoline, diesel and 

LPG have been emitting more CO2 in Düzce province every year 

from 2013 to 2022. The annual increase rates are 7.5 %, 5.2 % and 

6.4 % respectively for these fuels. From 2013 to 2022, there was an 

annual average increase of 6.3 % for gasoline and 5 % for LPG in 

CO2 emissions in Gümüşhane province, while a decrease of 2.9 % 

was observed for diesel. The amount of CO2 emissions from gasoline, 

diesel and LPG in the province of Giresun has risen by an average of 

8.6 %, 5.3 % and 7 % respectively, each year from 2013 to 2022. 

From 2013 to 2022, the province of Karabük saw a yearly rise in CO2 

emissions by 5.9 % for gasoline, 8.5 % for diesel, and 3 % for LPG 

on average. Gasoline, diesel and LPG emissions of CO2 increased 

annually by 5.7 %, 3.7 % and 3.8 %, respectively, in the province of 

Kastamonu from 2013 to 2022. From 2013 to 2022, the province of 

Ordu saw a yearly increase in CO2 emissions by an average of 9 % 

for gasoline, 4.7 % for diesel, and 7 % for LPG. The amount of CO2 

emissions from gasoline, diesel and LPG in the province of Rize in-

creased by an average of 9.1 %, 5.6 % and 4.7 %, respectively, each 

year from 2013 to 2022. When the province of Samsun is examined, 

there has been an increase in the amount of CO2 emissions by an av-

erage of 8.3 % for gasoline, 7.1 % for diesel and 5.1 % for LPG every 

year from 2013 to 2022. Gasoline, diesel and LPG emissions of CO2 

have increased annually by 4.2 %, 3.4 % and 4.8 %, respectively, in 

the province of Sinop from 2013 to 2022. The amount of CO2 emis-

sions from gasoline, diesel and LPG in the province of Tokat has risen 

by an average of 7.4 %, 3.5 % and 5.5 % respectively each year from 

2013 to 2022. Within the same year, the province of Trabzon saw a 

yearly rise in CO2 emissions by 9.5 % for gasoline, 2.6 % for diesel 

and 7.5 % for LPG on average. The amount of CO2 emissions from 

gasoline, diesel and LPG in the province of Zonguldak has risen by 

an average of 6.6 %, 9.8 % and 5.6 % respectively, each year from 

2013 to 2022. When all provinces are examined, it is seen that the 

emissions caused by diesel fuels have decreased over the years only 

for the Gümüşhane province. Other fuel types and amounts of carbon 

dioxide emissions in the provinces have increased continuously. The 

changes in total carbon dioxide emissions by province are shown in 

Figure 3. The total annual rate of carbon dioxide emissions has in-

creased, although the total annual rate of carbon dioxide emissions 

has decreased in some years. When the carbon dioxide emissions 

from 2013 to 2022 are analyzed, Samsun province made the highest 

contribution with a 15333.4 Gg CO2 value. This is followed by Trab-

zon province with 8285.38 Gg CO2 value and Çorum province with 

6497.46 Gg CO2 value. Bayburt province made the lowest contribu-

tion with a 649.695 Gg CO2 value. This is followed by Gümüşhane 

province with 1245.09 Gg CO2 and Artvin province with 1904.58 Gg 

CO2. The Black Sea region has contributed a total of 83836.68 Gg 

CO2 to carbon dioxide emissions in the last 10 years. When 2013 is 

taken as a reference, in 2014, carbon emissions decreased in Amasya 

Çorum, Düzce and Gümüşhane whereas they increased in other prov-

inces. Carbon dioxide emissions gradually increased in all provinces 

from 2014 to 2015. In 2016, carbon dioxide emissions decreased in 

Bartın, Bolu, Sinop, and Zonguldak, but increased in other provinces. 

Only three provinces, Amasya, Çorum and Düzce, reduced their car-

bon dioxide emissions in 2017. The rest of the provinces increased 

them. When the year 2018 is examined, it is seen that carbon dioxide 

emissions have increased in provinces such as Amasya, Bolu, Ordu, 

Rize, Sinop, and Tokat, while it has decreased in other provinces. A 

review of 2019 shows that provinces like Artvin, Bayburt, Bolu, 

Çorum, Tokat, and Zonguldak had a rise in carbon dioxide emissions, 

while other provinces experienced a decline. In 2020, carbon dioxide 

emissions decreased in Artvin, Bartın, Bayburt, Bolu, Sinop and 

Trabzon while it increased in other provinces. In 2021, the amount of 

carbon dioxide emissions gradually increased in all provinces. In 

2022, some provinces, such as Amasya, Bolu, Düzce, Samsun, and 

Zonguldak saw an increase in the amount of carbon dioxide they re-

leased, while others reduced their emissions. 
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Fig. 3. Changes in total CO2 emission by provinces 
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4. Conclusion 

Global warming is one of the most important situations affecting 

all countries in the world. The spread of greenhouse gases threatens 

the world in a very serious way. One of the most important sources 

of greenhouse gases is the transportation sector. The rising consump-

tion of fossil fuels such as gasoline, diesel, and liquefied petroleum 

gas (LPG) is still contributing to the growth of emissions. The evalu-

ation of the carbon footprint in the Black Sea region of Turkey be-

tween 2013 and 2022 is presented in this study. The calculation was 

conducted utilizing the Tier 1 methodology as advised by the Inter-

governmental Panel on Climate Change (IPCC). It is seen that diesel 

fuel has the largest consumption share among fuels compared to other 

fuels. Additionally, it is seen that the highest carbon dioxide emis-

sions are also caused by diesel fuels. Diesel vehicles emitting excess 

carbon dioxide emissions are followed by LPG and gasoline vehicles, 

respectively. When the total carbon dioxide emission of the Black 

Sea region is analyzed, it is seen that it has increased continuously in 

all years except 2018 and 2022. The leading contributor to CO2 emis-

sions was Samsun Province, accounting for a substantial 15333.4 Gg 

CO2 emissions. Trabzon province followed with 8285.38 Gg CO2 

emission, and Çorum province ranked third with 6497.46 Gg CO2 

emissions. On the other hand, Bayburt province was the smallest con-

tribution, emitting only 649.69 Gg of CO2. Gümüşhane province fol-

lowed with 1,245.09 Gg CO2 emissions, and Artvin province fol-

lowed with 1904.58 Gg CO2 emissions. While the total amount of 

carbon dioxide emissions in the Black Sea Region was approximately 

6310 Gg of CO2 in 2013, this amount increased to approximately 

9438 Gg of CO2 in 2022. As can be seen from the results presented, 

carbon dioxide emissions are increasing day by day at an alarming 

rate. Carbon footprint can be reduced by increasing the use of electric 

or hybrid vehicles, increasing public transportation options, and in-

creasing the use of vehicles with more efficient engines in road trans-

portation. Efforts to reduce the carbon footprint in road transportation 

promote the adoption of eco-friendly options and the transition to a 

more sustainable transportation system.   
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