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ABSTRACT

FORECASTING CARBON DIOXIDE EMISSIONS OF TURKEY’S
INTERNATIONAL CIVIL AVIATION THROUGH 2030

Kaymak, Deniz
Master of Science, Environmental Engineering
Supervisor: Prof. Dr. Giirdal Tuncel
Co-Supervisor: Assoc. Prof. Dr. Merih Aydinalp Koksal

August 2019, 95 pages

Nowadays, the aviation sector plays a vital role in the economic development of
countries by connecting the continents. Air transportation is preferred more and more
thanks to its advantages over the other transportation modes. After implementation of
liberalization policies in Turkey, the aviation industry has shown a rapid development
and the country has taken its place at the forefront in the world air transport. Due to
the increasing demand for the aviation industry, inevitably CO2 emissions of the sector
increased rapidly. In spite of contributing to climate change in small percentages, the
aviation industry is showing a much faster growth trend than other sources of
emissions or industries.

In this study, Turkey’s CO2 emissions from international civil aviation activities are
determined for the years between 2018 and 2030 by modelling Turkey's air passenger
traffic demand under different scenarios. In air passenger traffic modeling, it is
forecasted that air passenger traffic would reach 375,270 passenger-km according to
the high scenario and 283,140 million passenger-km according to the low scenario.
According to the high scenario the compound annual growth rate (CAGR) of Turkey
is estimated to be 6.7% and in the low and medium scenarios, the CAGR is estimated

as 4.6% and 5.8%, respectively.



By adding fuel efficiency assumptions to the estimated air passenger traffic data,
future fuel demand and corresponding CO, emissions are calculated. As a result,
Turkey's CO> emissions from international civil aviation activities in 2030 are
expected to be between 20.62 and 33.33 Mtons. Even in the most optimistic case, CO2
emissions of the international civil aviation of Turkey are tend to increase
approximately 27% and under the highest scenario CO; emissions are expected to
double in 2030 compared to 2017 levels.

The results of this study demonstrated that CO> emissions of the civil aviation sector
continues to be one of the fastest growing source of the emissions in Turkey.
Moreover, it is expected for civil aviation sector to take a large share of the Turkey's

carbon budget in the near future.

Keywords: CO2 emissions, civil aviation, aviation emissions, international aviation,

climate change
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TURKIYE’NIN ULUSLARARASI SiViL HAVACILIGININ
KARBONDIOKSIT EMISYONLARININ 2030°’A KADAR TAHMIN
EDILMESI

Kaymak, Deniz
Yiiksek Lisans, Cevre Miihendisligi
Tez Danigmani: Prof. Dr. Giirdal Tuncel
Ortak Tez Danigmani: Dog. Dr. Merih Aydialp Koksal

Agustos 2019, 95 sayfa

Havacilik sektorii gliniimiizde kitalar1 birbirine baglayarak {ilkelerin ekonomik
kalkinmasinda hayati bir rol oynamaktadir. Hava yolu ulagimi, diinyada ve tilkemizde
diger ulagim sistemlerine gore sahip oldugu iistiinliikler sayesinde her gecen giin daha
fazla tercih edilmektedir. Havacilik alaninda izlenen liberallesme politikasi sayesinde
Tiirkiye'de havacilik sektorii hizla gelisim gdstermis ve iilkemiz hava ulasiminda
diinyada On siralarda yerini almistir. Havacilik endiistrisine olan talebin her gecen giin
artmasi nedeni ile kaginilmaz olarak sektdrden kaynaklanan CO2 emisyonlarinda hizli
bir artis yaganmistir. Emisyon orani ile iklim degisikligine gorece kii¢lik oranlarda
katkida bulunmasina ragmen, havacilik endiistrisi diger emisyon kaynaklarindan veya
sektorlerden ¢ok daha hizli bir biiyiime egilimi gostermektedir.

Bu calismada, Tirkiye’nin 2018-2030 yillari arasi i¢in IPCC ydntemi kullanilarak
uluslararas1 sivil havacilik faaliyetlerine bagli olarak olusan CO: emisyonlari
Tiirkiye’nin hava yolcu trafigi talebi modellenerek senaryolar bazinda hesaplanmaistir.
Hava yolcu trafik modellemesinde yiiksek senaryoya gore 375,270 yolcu-km, en
diisiik senaryoya gore ise 283,140 milyon yolcu-km degerine ulagilacag:

hesaplanmistir. En yiiksek senaryoya gore Tiirkiye nin yillik bilesik biiytime orani

vil



%6.7 olurken, en diisiik senaryo ve orta senaryoda y1llik bilesik biiyiime orani sirasiyla
%4.6 ve %5.8 olarak tahmin edilmistir.

Hesaplanan hava yolcu trafik verilerine, yakit verimliligi varsayimlar ilave edilerek
gelecekteki yakit ihtiyact ve buna karsilik gelen CO> emisyonu hesaplanmistir.
Calisma neticesinde Tiirkiye’nin 2030 yili uluslararasi havacilik kaynakli CO»
emisyonlarinin 20.62 ile 33.33 Mton arasinda olmasi1 beklenmektedir. En iyimser
durumda bile, Tiirkiye'nin uluslararasi sivil havaciliginin CO; emisyonlarinin yaklasik
%27 oraninda artma egiliminde oldugu ve en yiiksek senaryoda CO; emisyonlarinin
2030'da 2017'ye kiyasla iki katina ¢ikmasi beklenmektedir.

Bu calismanin sonuglari, sivil havacilik sektoriiniin CO» emisyonlarinin, Tiirkiye'de
emisyonlarin en hizli bilyiiyen kaynaklarindan biri olmaya devam ettigini gdstermistir.
Ayrica, sivil havacilik sektoriiniin yakin gelecekte Tiirkiye'nin karbon biitgesinden

biiylik bir pay almasi beklenmektedir.

Anahtar Kelimeler: CO2 emisyonu, sivil havacilik, havacilik emisyonlari, uluslararast

havacilik, iklim degisikligi
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CHAPTER 1

INTRODUCTION

1.1. Background Information

In 1950s civil aviation was an underdeveloped industry which accounts for a small
portion of the transportation sector. However today, aviation sector plays a vital role
in the countries’ economic development by connecting the continents for business,
tourism, trade, defense, and humanitarian purposes. According to the report published
by Air Transport Action Group (ATAG), in 2016 aviation industry contributed 2.7
trillion USD (direct, indirect, induced, and tourism catalytic) to the global gross
domestic product (GDP) which is equal to the 3.6% of the world’s GDP. The sector
conducted 120 thousand flights and carried 12 million passengers every day in 2018
(ATAG, 2018).

The aviation sector experienced rapid growth since 1980s. According to latest annual
reports of the International Civil Aviation Organization (ICAO), number of
passengers was 0.6 billion in 1980 and then increased to 4.1 billion in 2017. World
total revenue traffic including international and domestic services exceeded 945
billion revenue ton kilometers' (RTK) in 2017, and increased at an average rate of 6
percent per annum over the last five years. In 2017, total passenger traffic reached to
7.7 trillion revenue passenger kilometers® (RPK). In the same year, operating revenues
of airlines of the ICAO member states reached to 757 billion USD, which is around
150 percent above 2000 levels (ICAO, 2000-2017; ICAO, 2017).

' RTK (ton-km): Measure of volume of load transported in aviation industry equal to one ton of revenue
load (passenger and/or cargo) transported one kilometer.

2 RPK (passenger-km): Measure of the volume of passengers in aviation industry equal to one revenue
passenger transported one kilometer.



Moreover, against uncertainties, the report published by Boeing estimates that the
passenger traffic will rise over 5% globally and over the next 20 years this growth
trend is expected to be continued (Boeing, 2013).

In Turkey before 2000s, the aviation sector was dominated by Turkish Airlines. After
the implementation of liberalization policies and providing incentives, private
companies started to enter to the market so that Turkish aviation industry started to
develop and enlarge (Gerede, 2010). After 2003, stability gained in the sector and the
measures taken in that field kicked in, so that aviation industry became a significant
actor for Turkey’s economic development. According to Turkey’s Action Plan for
Emission Reduction submitted to ICAO, the number of people employed by aviation
industry is raised to 65 thousand to 196 thousand between 2003 and 2017 (SHGM,
2018). Today Turkey has 11 commercial airlines and 57 airports with 91.34%
accessibility rate (ATAG, 2018; SHGM, 2018). The list of commercial airlines and
airports in Turkey are provided below in Table 1.1 and Figure 1.1.

Table 1.1 List of commercial airlines in Turkey as of 2018 (SHGM, 2018)

Name of the Airline
ACT Airlines
Atlas Global Airlines
Corendon Airlines
Freebird Airlines
MNG Airlines
Onur Airlines
Pegasus Airlines
SunExpress Airlines
Tailwind Airlines
Turkish Airlines
ULS Airlines
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Figure 1.1 Distribution of airports in Turkey as of 2018 (SHGM, 2018)

In Figure 1.1 orange label represents the major airports, black label represents the
airports under construction, and blue label represents the other airports open to
commercial air traffic in Turkey. On the other hand the green label shows the landing

strips in Turkey.

Table 1.2 shows the development of international aviation activities of Turkey. In the
annual report of Directorate General of Civil Aviation (DGCA) of Turkey, it is
reported that the number of airlines performing international flights were only two in
2003 and it has increased to five in 2017. The number of countries that Turkey has
bilateral air transport agreements increased from 50 to 124 countries in which 318
different destinations can be flown. The figure below well represents the volume of
the increase in the number of the destinations and shows the name of the airlines

performing international flights in 2003 and 2018.

Table 1.2 Development of international aviation in Turkey (SHGM, 2018)

2003 2017
Number of airline operators 2 5
Number of countries flown 50 124
Number of destination flown 60 318
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Figure 1.2 International flight destinations in 2003 and 2017 from Turkey (SHGM,
2018)

According to the 2017 annual report of the ICAO, Turkey ranks 11" in the world in
terms of the total revenue traffic, including passenger and cargo. Total RTK of Turkey
reached 27.4 billion-ton kilometers and increased at an average rate of 16 percent per
annum over the last five years which is nearly three times above the world average. In
2017, total passenger traffic of Turkey is reported as 183.4 billion revenue passenger
kilometers, of which 147.7 billion revenue passenger kilometers is international. With
this performance Turkey ranked 12™ in the world in terms of total and 9'" in the world
in terms of international passenger traffic (ICAO, 2017). Figure 1.3 shows the

Turkey’s rankings in world in 2017.
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Figure 1.3 Turkey’s ranking in the world in 2017 (SHGM, 2018)

In order to be able to compare the growth of Turkish civil aviation with other leading
countries in aviation Figure 1.4 and Figure 1.5 show the change in the ranking of
countries in terms of RTK and RPK progress with respect to years where each RTK
and RPK values and corresponding rankings are obtained from the annual reports of
the ICAO published between 2000 and 2017 (ICAO, 2000-2017).

In terms of both RTK and RPK, United States and China are the two leading countries.
However, in years rankings of other countries are chancing depending on the air
transport performance. For example in 2009, Turkey was 20" in the world in terms of
RTK. Over the years country increased her performance and took the 9™ place in 2017.
On the other hand, France’s performance went downward and her ranking changed 6"
to 8 in 2009 and 2017 respectively.

Likewise RTK performance, Turkey’s RPK ranking demonstrated upward trend
between 2009 and 2015. In 2016, air transport activities decreased due to international
relations of country and the ranking fell back in 2016. Then, in 2017 Turkey ranked
as the 12" in the world in terms of RPK.
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Figure 1.4 Changes in the rankings of countries in terms of RTK. Adapted from
(ICAO, 2001)
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Figure 1.5 changes in the rankings of countries in terms of RPK. Adapted from
(ICAOQ, 2001)



Due to geographical position, Turkey is included in the Europe region in these forecast
reports. However, unlike in Turkey, in Europe most of the countries’ aviation sector
is pretty mature. The Figure 1.6 shows the number of passengers carried by some
aviation leading countries in Europe and Turkey between 1970 and 2016 (World Bank,
2019). As it can be seen from the figure, European countries experienced higher
growth rates between 1970 and 2000. However in the same time interval Turkey’s
aviation sector was not growing evenly. On the contrary, in last couple years,
especially after 2000s, Turkey demonstrated a tremendous growth performance where
the growth performance of the other European countries except Germany is stabilized.
In other words, after 2000s annual air passenger traffic growth rates of European
countries are well below the Turkey’s growth rate. So, the forecast results prepared

for the Europe region including Turkey does not fairly reflect the Turkey’s situation.
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Figure 1.6 Air transport sector development of different countries (World Bank,
2019)

As the world’s and Turkey’s aviation performances continue to exhibit rapid growth,
unavoidably an important increase is being observed in the greenhouse gas (GHG)
emissions due to jet fuel burn in the engines. Aircrafts emit a variety of GHG but due

to stable nature and scientific knowledge the major concern is on the carbon dioxide



(CO») emissions. Currently emissions related to aviation activities contributes around
2-3% to the total global anthropogenic CO; emissions (Edwards, Dixon-Hardy, &
Wadud, 2016).

According to the National Inventory Report of Turkey, Turkey’s total emissions are
calculated as 526.3 Mton CO; equivalent in 2017. In the same year, emissions
originating from international aviation is reported as 14 Mton CO, equivalent which
means Turkey’s international aviation contributing around 2.6% to the Turkey’s total
emissions (Turkish Statistical Institute, 2019).

In spite of contributing to climate change in small percentages, the aviation industry
is showing much faster growth trend than other sources of emissions or industry
(Mayor & Tol, 2009). On the other hand, international civil aviation activities are
responsible from over 60% of total aviation emissions. Especially, emissions
originating from international civil aviation activities are showing much faster growth
trend compared to domestic activities (Macintosh & Wallace, 2008).

In 1999, ICAO requested a forecast report from Intergovernmental Panel on Climate
Change (IPCC) regarding to COz emission from the civil aviation activities. Upon the
request IPCC found that CO> emissions related to aviation activities could increase
between 60% and over 1000% between 1992 and 2050 (IPCC, 1999).

In 2009, ICAO conducted its own forecasts, the results of the study showed that by
2050 CO; emissions from the aviation could grow around 300-500% compared to
2005 levels, while another study conducted by a group of researchers found out that
along with the growth of the sector, the emissions related to the aviation activities are
likely to increase three times between 2000 and 2050 (Berghof, et al., 2005; Horton,
2006; ICAO, 2009).

1.2. Problem Definition

As stated earlier, in today’s world due to tourism, trade, defense, business, and
humanitarian purposes air transport is essential. Civil aviation activities in Turkey are

increasing sharply and country experiences tremendous growth rates, three times the



world average, in terms of air traffic. In parallel with the increasing air traffic, CO2
emissions are also increasing rapidly and causing adverse effects on the climate
change.

Secondly, in Turkey there are a few studies conducted to forecast the air traffic
demand, fuel demand, and thus CO, emissions associated with the civil aviation
activities. The existing studies focus on development of domestic air transportation,
jet fuel and bio-fuel demand combined or airport level emission calculation. On the
other hand, industry representatives and several organizations prepare forecast reports,
publish them on their web-site and update them annually. However, these reports
represent regional based air traffic forecast and route-based air traffic developments.
In these reports, due to geographical position, Turkey is included in the Europe region
in which most of the countries’ aviation sector is pretty mature. Although being a part
of Europe, likewise the economy, Turkey’s civil aviation growth trend does not follow
the European growth trend. Turkey is experiencing more aggressive growth trend than
Europe. So, the growth rates published for Europe in these reports do not very well
reflect the growth trend of Turkey.

Thirdly, since 2012, across the world, the issue of controlling the international CO»
emissions of the sector became a significant topic for policy makers. In the last few
years, various control mechanisms have been established and the industry became one
of the integral parts of international aviation environmental policies. For this reason,
in Turkey, there is a need for a guiding study to be used in decision-making
mechanisms in order to ensure sustainable growth of the sector by following
environmental protection measures taken locally or regionally without restricting

aviation activities.

1.3. Objective of the Study

The principle objective of this study is to estimate CO2 emissions associated with the

international civil aviation activities of Turkey through 2030 based on econometric



regression analysis. Up to date, forecast studies regarding to CO emissions of the
international civil aviation activities of Turkey are very limited. So, this is the first
study that estimates the growth of RPK for a fast growing country in aviation sector
and predicts the corresponding future CO; emissions.

Thus, in this study it is aimed to:

. Develop representative and reliable regression model that can estimate air
passenger traffic in terms of RPK ,

. Estimate 2018-2030 RPK values with the use of key influential indicators
(economic, demographic and social variables) by using the developed
model under three different scenarios,

. Estimate fuel demand between 2018 and 2030 based on fuel intensity
approach corresponding to the air passenger traffic results,

. Estimate future CO; emissions originating from international civil aviation
activities of Turkey through 2030 by using IPCC emission conversion

factors based on the fuel demand results.

1.4. Scope of the Study

In terms of the GHG emission reporting and climate policy, civil aviation is divided
into two componen