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THE IMPACT OF CHANGING ENERGY MIX OF TURKEY
ON CO2 EMISSION INTENSITIES

A decomposition analysis of energy-related carbon dioxide emission intensities in Turkey from
1971 to 2010 has been presented. The refined Laspeyres method is used in the calculation to identify
fossil fuel carbon effect, fossil fuel share effect and energy intensity effect that accelerate or reduce the
increase in carbon dioxide emission intensities. The results show that the fossil fuel share effect and
the energy intensity effect are the two biggest contributors to CO2 emission. The case analysis also
shows that fossil fuel carbon effects play important roles in the decrease of CO2 emission intensities
especially from 1988 to 2010.

1. INTRODUCTION

The qualitative dimension of energy use is becoming increasingly important for
sustainable development [1, 2]. Among six kinds of greenhouse gases, the largest con-
tribution to the greenhouse effect has carbon dioxide (CO,). CO, emissions related to
energy use results from fossil fuel combustion.

Generally, CO, emission intensities are decomposed into the product of the index
of CO, emissions per total primary energy supply (TPES) and energy intensity that is
defined as TPES to gross domestic product (GDP) [3-7]. In the above decomposition,
the change in the index of CO; emissions per TPES reflects the effect of change in
energy mix on CO, emission intensities. The change in energy intensity reflects the
effect of change in energy efficiency on CO; emission intensities. However, this decom-
position seems too general. There are two ways to have an effect on the index of CO-
emissions per TPES by means of a change in the fossil fuel mix that determines the
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structure of CO- emissions, and a change in the share of fossil fuel in total primary
energy supply that is used to determine the level of CO, emission intensities [8, 9].

The effects of changing the above two aspects on CO2 emission intensities have
been analyzed by the refined Laspeyres method [10-12]. For a case analysis, CO, emis-
sion intensities in Turkey from 1971 to 2010 have been analyzed.

2. MATERIALS AND METHODS

Decomposition analysis. The CO2/GDP emission intensity can be expressed as an
extended Kaya identity [13-15], which is a useful tool to decompose total carbon emis-
sion intensity as a product of three effects:

CO, _CO, FFS TPES
GDP FFS TPES GDP

1)

The right hand side of the Eq. (1) refers to CO, emissions per fossil fuel, FC
= (CO/FFS), the share of fossil fuel in TPES FS = (FFS/TPES), and energy intensity
of economic activity El = (TPES/GDP).

The change of (CO,/GDP) emission intensity between a base year t and a target year
At +t, denoted by A(CO2/GDP), can be decomposed to three effects namely, the changes

in the fossil fuel carbon effect, the changes in the fossil fuel share effect, the changes in
the energy intensity effect and in additive form:

t+At t
ACO, _(cozj _(co2 j FC, 4 FSy +ElL. @

GDP - GDP GDP effect effect

where superscripts t and t + At denote a base year and a target year, respectively.
According to the complete decomposition model given by the refined Laspeyres
method each, effect in the right hand side of Eq. (2) can be computed as follows.
o the fossil fuel carbon effect:

1
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e the fossil fuel share effect:

FSetee = (AFS)(FC)'(ED)' + %(AFs)[(AFC)(El)w (AEI)(FC)']

" %(AFC)(AFS)(AEI) )

e the energy intensity effect:

El e = (AEI)(FC)'(FS)' + %(AEI)[(AFC)(FS)%(AFS)(FC)‘]

" %(AFC)(AFS)(AEI) 5)

The former terms of Egs. (3)—(5) refer to the partial effects of the fossil fuel carbon,
fossil fuel share and energy intensity on the change of ACO,/GDP emissions between

time-step At+t and the preceding step t. The following parts of Eqgs. (3)—(5) refer to
capture interactions between the remaining variables and form the so called residual
terms. Equations (2)—(5) present the required formulas for decomposition analysis.
A program in MATHEMATICA [16] has been specially developed for calculations in
this paper.

Data. The data used in the study for the period 19712010 have been collected from
the World Energy Council, Turkish National Committee [17] and International Energy
Agency [18]. An overview of the data used growth trajectories is presented below.

Total primary energy supply increased considerably during 1971-2010 as shown in
Fig. 1 [17]. The average annual rate of increase was 5.0% in the fossil fuels supply,
1.7% in the non-fossil fuels supply, 4.3% in the total primary energy supply. The highest
increase energy use occurred in fossil fuels supply. The share of fossil fuels in TPES
increased from 69.8% in 1971 to 89.4% in 2010. The rapid growth of fossil fuels re-
sulted from the accelerated natural gas supply, which started with 0.67 Mtoe in 1987,
reached 6.31 Mtoe in 1995 and increased to 34.91 Mtoe in 2010. The average annual
rate of increase from 1987 to 2010 was 7.4% in the natural gas consumption [17].

CO; emissions of Turkey from fuel combustion for the period 1971 to 2010 are
presented in Fig. 2 [18]. Total CO, emission for 1971 and 2010 increased from 41.40
million t to 265.9 million t, respectively. Total CO, emission growth rate for the period
under study was about 4.8%. The average annual rate of increase was 4.0% for coal,
1.1% for oil and 15.5% for natural gas for the period 1988-2010. The highest increase
of CO; emission occurred in natural gas.
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Fig. 1. Total primary energy supply by fuel [17]

As shown in Fig. 2, in 1988 the CO; emission was 45.3% for coal, 52.5% for oil,
2.2% for natural gas, while the CO emission in 2010 was 45.0% for coal, 27.4% for
oil, 27.6% for natural gas.
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Fig. 2. CO2 emissions by fuel [18]

In order to obtain an insight into the Turkish economy, in Fig. 3 the development of
GDP over the period 1971-2010 [18] has been presented. The GDP in Turkey for 1971
and 2010 increased from 186.0 billion US$ at 2005 prices (billion 2005 US$) using
purchasing power parities (PPPs) to 912.8 billion US$ at 2005 PPP. The annual growth
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rate of GDP was about 4.1%. However Turkish economy was hit by four years of contrac-
tion. The economic growths were decreased the years 1979, 1980, 1994, 1999, 2001, 2009.
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Fig. 3. GDP of Turkey [18]

3. RESULTS AND DISCUSSION

The results of the decomposition analysis of CO emission intensities related to the
energy consumption of Turkey for the period 1971-2010 have been presented in
Table 1. The central columns report the decomposition in the three explanatory varia-
bles FC i s FSerects Eleree- The last column shows the cumulated changes that are cal-
culated as the aggregation of the FC ..., FS.: Elee Variables. The values in the pa-
renthesis denote percentage of the total change, where the cumulated change is the 100%
variation and the variations performed by the three different effects are calculated as
percentage variation compared to the total variation of the cumulated change. As seen
from Table 1, the decomposition indicates that a general conclusion on the formation of
CO; emission intensities in the Turkey from 1971 to 2010 cannot be obtained.

Table 1 shows that the FS. and El . were the two biggest contributors to CO»

emission intensities. The fossil fuel carbon effect FC,. accelerated in CO, emission
intensities from 1971 to 1987 with a few exceptions while this effect was reduced to
increase in CO2 emission intensities from 1988 to 2010.

The increase of FS., and El ., accelerated in CO, emission intensities in the
whole period from 1971 to 2010. Finally, CO. emission intensities increased from
0.020735 (Mt/billion 2005 US$) in 1971 to 0.068682 (Mt/billion 2005 US$) in 2010.
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Table 1
Decomposition of CO2 emission intensity [Mt/billion 2005 US$]
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If the same amount of fossil fuel is used but a decrease in CO, emissions is desired,
the only method is to change the fossil fuel mix and use low emission fuels. Accord-
ingly, the fossil fuel mix in Turkey has changed in order to decrease CO, emissions.
Coal is the fuel with the highest CO, emissions and natural gas is the fuel with the lowest
CO. emissions from amongst coal, oil and natural gas. The period from 1988 to 2010 is
chosen for observation. The share of CO; emissions from oil combustion in total CO,
emissions has decreased in Turkey from 52.5% in 1988 to 27.4% in 2010. The share of
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CO- emissions from natural gas combustion in the total CO, emissions has increased
from 2.2% in 1988 to 27.6% in 2010. The share of CO, emissions in total CO, emissions
from coal combustion were approximately in the same level between 1988 and 2010.
The share was 45.3% in 1988, 45.0% in 2010 (Fig. 2). The change in the structure of
the CO emissions implies that the fuel mix in Turkey has lowered CO; emissions and
decreased the index of fossil fuel carbon.

The share of the utilization of non-fossil fuels in TPES decreased from 30.167% in
1971 to 10.62% in 2010. In other words, the share of the utilization of fossil fuels in
TPES increased considerably for the period 1971-2010 (Fig. 1). This is an important
explanation for why the fossil fuel share effect played a positive role in increasing CO-
emission intensities in Turkey.

There was a debate about which factor is more important for the formation of CO,
emission intensities. Mielnik and Goldemberg [19] stated that the carbonization index
(CO,/TPES) plays more important role, while Ang [20] pointed to the energy intensity.

This study supports Mielnik’s and Goldemberg’s viewpoint. 61.5% of the increase in
CO; emission in Turkey from 1971 to 2010 was attributed to the carbonization index
and 38.5% — to the energy intensity effect.

The importance of such factors as carbonization index and energy intensity in for-
mation of CO, emission intensities strongly depends on the energy policy of the coun-
tries. Therefore the debate about which of the factors is more important for the for-
mation of CO, emission will be continued in the future.

4. CONCLUSIONS

The case analysis of CO, emission intensities in Turkey from 1971 to 2010 shows
that fossil fuel share effect and energy intensity effect play important roles in the in-
crease of CO, emission. However, the decrease in the share of the utilization of non-
fossil fuels in TPES caused the fossil fuel share effect from 1971 to 2010 negative in
decreasing CO; emission intensities. Finally, the fossil fuel share effect from 1988 to
2010 had a positive impact on the decrease of CO, emission.

This study shows that it is an important task for Turkey not only to increase the use
of non-fossil fuels but to also to increase the share of the utilization of non-fossil fuels
in TPES.

As a result of this study, several policies for Turkey might be suggested to increase
the share of the utilization of non-fossil fuels in TPES. Turkey should continue to pro-
mote the use of cleaner fuels in all sectors. In this context, the large potential of renew-
ables should be effectively utilized. The promotion of renewable energy investments
should be continued.

Existing taxes should be reformed to internalise external (social) costs within en-
ergy prices.
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The economic and political measures should be taken to reduce CO; emissions in
fossil fuel use.

The people should be motivated on environmental issues, rational use of energy in
order to decrease CO, emissions. They should be educated on the greenhouse gas emis-
sions and their effects.
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