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a b s t r a c t

At a time of increased international concern and negotiations for greenhouse gas emission reduction,
country studies on the underlying effects of greenhouse gas emission growth gain importance. The case
of Turkey is particularly interesting due to rapidly growing emissions, accompanied by a political will and
actions to reduce the quick growth. The refined Laspeyres method is used in this study to identify
factors that accelerate or reduce the increase in Turkish CO2 emissions. A year-by-year decomposition
over 1990e2007 is carried out at sectoral level based on disaggregated data that is consistent over time
and consistent with international standards. Various interesting results on the underlying effects of
sectoral emission growth are found. Valuable insights are gained into CO2 impacts of sectoral policies
including energy and emission intensities, fuel switching and activity changes. The results yield
important hints for the planning of energy and climate policy.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Turkey ratified the United Nations Framework Convention on
Climate Change (UNFCCC) in 2004 as an Annex I, and the Kyoto
Protocol in 2009 as a non-Annex B country. Accordingly, Turkey has
no quantified greenhouse gas (GHG) emission reduction commit-
ment. Nevertheless, there is political will and actions to restrict
emissions as policies and regulations are being introduced to
promote energy conservation and increased use of renewables.
A renewable energy law and an energy efficiency law have recently
been ratified, and related regulations are being issued. The impact
of these legal developments on emissions, however, is uncertain. At
the end of 2009, the Turkish Minister of Environment declared that
the country can reduce its emissions by 11% in 2020 taking Busi-
ness-As-Usual1 (BAU) projections from the First National Commu-
nication as a reference. For the period 2005e2020, the BAU results
project an increase of CO2 emissions by 151% - from 240.7 Mton in
2005 to 604.6 Mton in 2020. The target of emitting 11% less than
BAU results in year 2020 corresponds to 538.1 Mton of CO2 emis-
sions. In other words, 538.1 Mton CO2 will be emitted instead of
604.6 Mton in 2020, implying a reduction of 66.5 Mton CO2. This
envisaged emission reduction slows the growth of emissions in the
period 2005e2020 down from 151% to 124%. Hence, emissions will
assumption of the continu-
f Turkey, it implies a rapid
o policy measure to reduce

All rights reserved.
still continue to grow rapidly. Elaborating on the historical devel-
opment enables a thorough analysis of the underlying causes for
the rapid growth and helps policy-makers come up with rational
policies and measures to reverse the trend.

Turkey’s CO2 emissions increased by 118.1% during 1990e2007,
which is by far the highest growth rate among Annex I countries.
What is the explanation for the rapid increase in emissions? This
question can only be answered by disentangling the most impor-
tant factors explaining the overall change in CO2 emissions, and
identifying underlying forces that affect changes in sectoral emis-
sions. Technically, this can be done by using decomposition anal-
ysis. There are two known studies on decomposition analysis of CO2
emissions in Turkey [1,2]. Some strengths of the current analysis, in
comparison to the earlier applications, are as follows:

� In the earlier studies, the computation of CO2 emissions was
based on available energy statistics and emission factors from
the Intergovernmental Panel on Climate Change (IPCC). The
underlying energy statistics, however, did not include enough
sectoral and technological detail to allow for a precise calcu-
lation of emissions. Turkey’s First National Communicationwas
published in 2007 and GHG inventory submissions to the
UNFCCC have been annually reported since then. The national
GHG inventory reports provide the official emission database
for Turkey, consistent over time and consistent with interna-
tional standards. This accurate and reliable data source for CO2

emissions has been employed in the current analysis.
� Lise [1] explores development trajectories of four sectors but
decomposes emissions at the aggregate level; Tunç et al. [2], on
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the other hand, differentiate three sectors and decompose at
sectoral level but aggregate transportation, housing and
services under the service sector. The subsectors, however,
differ significantly in terms of their technological infrastructure
and have diverging intensity/scale/composition effects on
emission growth which cannot be captured in an aggregate
analysis. This study is done at a more disaggregate level; five
sectors are distinguished and the decomposition analysis is
employed on each sector separately.

� Economic data in monetary terms, Gross Domestic Product
(GDP) and value added, was used in the earlier studies to
compute energy intensity and scale effects. However, economic
energy efficiency indicators are influenced byprice changes and
may, therefore, lead to misleading efficiency conclusions. If, for
example, prices of goods and services rise, whereas energy use
and production level remain constant, then the economic
energy efficiency indicator will decrease although the real
(physical) energy efficiency, i.e. energy use per unit output, does
not change. This studyuses physical indicators (ton, km,kWh)of
output to compute the energy efficiency effect. By doing so, the
possibility of a bias in results due to price changes is eliminated.

This studyutilizes the refinedLaspeyresmethod to identify factors
that contribute to changes in CO2 emissions in Turkey. The study
period is 1990e2007, in consistence with the National Communica-
tions and GHG inventory reports submitted to the UNFCCC. Five
sectors (electricity production, manufacturing, transportation,
household and agriculture) and four effects (scale, composition,
energy intensity and carbon intensity) are differentiated.

The outline of this paper is as follows. The decomposition
analysis methodology is discussed next. Section 3 includes an
overview of the database. Results of the decomposition analysis are
presented in Section 4, followed by a discussion of findings in
Section 5. The final section concludes with a summary of main
findings and policy implications.

2. Methodology

There are two techniques for decomposing indicator changes at
the sector level: Structural Decomposition Analysis (SDA) and Index
Decomposition Analysis (IDA). SDA is based on the inputeoutput
model in quantitative economics. Its theoretical foundations and
major features are reviewed by Rose and Casler [3]. IDA, on the
other hand, employs the index number concept under various
methods linked to different index number computations. Ang [4]
and Ang et al. [5] elaborate the properties and linkages of some
popular IDA methods.

Both SDA and IDA methodologies are employed in energy and
CO2 decomposition studies. However, the number of IDA studies on
CO2 emission decomposition is much larger. Chang et al. [6] and
Lim et al. [7] present two recent SDA applications. A survey of IDA in
energy and environmental studies is provided by Ang and Zhang
[8]. Some recent studies using IDA are given by Oh et al. [9], Zhang
et al. [10], Shrestha et al. [11], Sheinbaum et al. [12] and Bhatta-
charyya and Matsumura [13]. According to Hoekstra and van den
Bergh [14], who provide a comparison of SDA and IDA, SDA is
capable of more refined decompositions of economic and techno-
logical effects but IDA is capable of more detailed time and country
studies. An advantage of IDA is that it can readily be applied to any
available data at any level of aggregation [15].

Various methods have been developed and employed under the
IDA methodology. The well-known Laspeyres index method
isolates the impact of a variable by letting that specific variable
change between two years while holding other variables constant
at their base year values. The sum or product of the estimated
impacts, however, does not necessarily equal to the observed
change and a residual term arises. A refinement is proposed by Sun
[16] who distributes the residual term evenly to each variable. This
approach, referred to as the refined Laspeyres index method, has
been widely adopted due to ease of both calculation and under-
standing. According to Ang and Zhang [8], who include a compar-
ison of several IDA methods, the refined Laspeyres index method
passes all tests (time-reversal, factor-reversal and zero value
robustness) and possesses several desirable properties. The refined
Laspeyres index method is employed in this study to decompose
Turkish CO2 emissions, which are conveniently expressed bymeans
of an extended Kaya Identity [17].

The Kaya identity is widely used as a basis to investigate the role
of various factors that affect CO2 emissions. It expresses carbon
emissions (C) as a product of four effects: population (POP), carbon
intensity of energy use (C/E), energy intensity of production (E/P)
and per capita production (P/POP). That is,

C ¼ POP � C
E
� E
P
� P
POP

(1)

where E and P stand for energy use and production respectively.
In the present analysis, the Kaya identity is extended to account

for effects at subsectoral level. Therefore, sector i is composed of j
subsectorswhose emissions ðCO2Þ, outputs ðPtj Þ and energy uses ðEtj Þ
at time t sum up to the sector’s total, i.e.

P
j CO2

t
j ¼ CO2

t
i ;

P
j P

t
j ¼

Pti and
P

j E
t
j ¼ Eti . Accordingly, CO2 emissions are expressed as

a product of the subsectoral sum of four effects: output, carbon
intensity of energy use, energy intensity of production, and sub-
sectoral composition. That is,

CO2
t
i ¼ Pti �

X
j

CO2
t
j

Etj
�

Etj
Ptj

Ptj
Pti

(2)

where

CO2
t
i=E

t
j ¼ Carbon intensity of energy use in subsector j at time t

Etj =P
t
j ¼ Energy intensity of production in subsector j at time t

Ptj =P
t
i ¼ Share of subsector j within sector i at time t

Letting the carbon intensity be denoted by CI, the energy inten-
sity by EI and the sectoral share by SS, Equation (2) is rewritten as

CO2
t
i ¼ Pti �

X
j

CItj � EItj � SStj (3)

To explain changes in CO2 emissions, there is a need to consider the
changes in P, CI, EI and SS. Hence, the incremental values DP, DEI,
DCI and DSS are defined as the difference from period (t � 1) to (t):

DPðiÞ ¼ Pti � Pt�1
i ; DSSðjÞ ¼ SStj � SSt�1

j ; DEIðjÞ ¼ EItj � EIt�1
j ;

DCIðjÞ ¼ CItj � CIt�1
j

The impact of changes in production activity (scale effect),
energy intensity, carbon intensity and sectoral structure (compo-
sition effect) on the increase in CO2 emissions from year t to t þ 1
can then be computed from the Equations (4)e(7).

In these equations, the impact of a variable is isolated by letting
that specific variable change while holding the other variables at
their respective base year values. However, there remains a residual
which is computed by letting two, three and four variables change.
The Laspeyres decomposition is refined to allow for complete
decomposition by distributing the residual evenly among the main
effects using the ‘jointly created and equally distributed’ principle
[18]. Accordingly, halves, thirds and quarters of the residual terms
are takenwhen there are respectively two, three and four variables
changing. A detailed discussion on the methodological issues is
provided by Zhang and Ang [19].
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Scale effect (i)
¼ DPðiÞP
j

�
SSðjÞEIðjÞCIðjÞ þ 1

2ðDSSðjÞEIðjÞCIðjÞ þ SSðjÞDEIðjÞCIðjÞ þ SSðjÞEIðjÞDCIðjÞÞ�

þDPðiÞPn
1
3ðDSSðjÞDEIðjÞCIðjÞ þ DSSðjÞEIðjÞDCIðjÞ þ SSðjÞDEIðjÞDCIðjÞÞ þ 1

4DSSðjÞDEIðiÞDCIðjÞ
o ð4Þ
Composition effect (i)

j

¼ P
j
DSSðjÞ�PðiÞEIðjÞCIðjÞ þ 1
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þP
j
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1
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) ð5Þ
Energy intensity effect (i)
¼ P
j
DEIðjÞ�PðiÞSSðjÞCIðjÞ þ 1
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P
j
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(
1
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Carbon intensity effect (i)
¼ P
j
DCIðjÞ�PðiÞSSðjÞEIðjÞ þ 1
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þP
j
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1
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4DPðiÞDSSðjÞDEIðjÞ
) ð7Þ
The effects are interpreted as follows. First is the scale effect. It
represents the amount of change in CO2 emissions due to
changing activity levels. An emission increase/decrease as a result
of more/less activity is reflected by the scale effect. Second, the
composition effect shows the change of emissions due to changes
in the composition of the sector. A structural change toward less
carbon intensive subsectors reduces CO2 emissions and vice versa.
Third is the energy intensity effect. It provides an indication of the
efficiency of the energy process and conversion technologies as
well as energy conservation. Increasing energy efficiency reduces
CO2 emissions if not only the use of renewable technologies but
also the energy savings reduce the use of fossil fuels. Fourth, the
Fig. 1. Sectoral primary en
carbon intensity effect is used to evaluate the impact of fuel
substitution on CO2 emissions. For instance, if the energy mix
becomes less carbon intensive (e.g. by increasing the share of
renewables or substituting natural gas for coal) then an emission
decreasing effect occurs.

The change in CO2 emissions between two periods in sector i,

DCO2ðiÞ ¼ CO2
t
i � CO2

t-1
i ;

is computed as the sum of the four effects, i.e.

DCO2ðiÞ ¼ ScaleeffectðiÞþCompositioneffectðiÞ
þEnergy intensityeffectðiÞþCarbonintensityeffectðiÞ
ergy use 1990e2007.



Fig. 2. Composition of primary energy 1990e2007. (a) Total primary energy, (b) primary energy for electricity generation.
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3. Analysis of data

The decomposition analysis covers the period 1990e2007,
which is consistent with Turkey’s latest GHG inventory report
submitted to the UNFCCC secretariat. The energy and CO2 data sets
employed in this study are taken from this report, and the activity
data set is taken from a report published by the Statistical Institute
of Turkey. All data sets are presented in compact tabular form in the
Appendix. An overview of the economic development, energy use
and emission growth trajectories is presented below.
3.1. Primary energy use

Total primary energy use increased considerably during
1990e2007 as shown in Fig. 1. The average annual rate of increase
was7.0% in the electricity sector, 6.1% in the residential sector, 4.6% in
themanufacturing sector, 4.0% in the transport sectorand3.6% in the
agriculture sector. The highest volatility in sectoral energy use
occurred inmanufacturing. Thiswas a result of the strong relation to
economic development. The primary energy use for manufacturing
activities declined considerably in years of economic crisis, as
experienced during 1994, 1999 and 2001 when GDP decreased by
5.5, 4.7 and 7.5 percent respectively.

The composition of primary energy use over 1990e2007 can be
seen in Fig. 2(a) which indicates a rapid diffusion of gaseous fuels.
Their average annual growth was 14.8% over 1990e2007 whereas
the growth of solid and liquid fuels was only 3.8% and 2.1%
respectively. Hence, there was a compositional change away from
solids and liquids toward gaseous fuels. The rapid growth of
Fig. 3. Turkish greenhouse gas
gaseous fuels was a result of accelerated natural gas consumption,
which started with 0.4 billion cubic meters (bcm) in 1987, reached
3.2 bcm in 1990 and increased to 36.5 bcm in 2007. Exactly 50% of
the natural gas consumed in 2007 was used for electricity
production (27.5% for industrial and 22.5% for residential use). The
use of primary energy sources for electricity production over
1990e2007 is depicted in Fig. 2(b). The average annual growth rate
of gas for electricity corresponded to 12.4%. Solid fuels grew by 4.1%
per year, and liquid fuels by 3.6% per year over the same period.

3.2. CO2 emissions

The GHG composition of Turkey depicted in Fig. 3 indicates that
the major GHG is CO2 with a rather constant share of about 80% of
all GHG emissions. During 1990e2007, the major source of CO2

emissions was energy use; the combustion of fossil fuels was
responsible for over 90% of CO2 emissions (Fig. 4). The growth rate
of CO2 emissions was 118.1% corresponding to an annual average
increase of 4.7%.

The sectoral breakdown of CO2 emissions due to fuel
consumption is presented in Fig. 5. It can be seen that electricity
production and manufacturing were the two main contributors to
CO2 emissions, followed by the transportation, household and
agriculture sectors in decreasing order of importance.

3.3. Economic activity

During 1990e2007, real GDP grew at an annual average rate of
4.4%. However, the Turkish economy was hit by three years of
composition 1990e2007.



Fig. 4. Turkish CO2 emissions 1990e2007.
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contraction. In 1994, structural problems, including high budget
deficits, skyrocketing interest and inflation rates plunged the
economy into a recession when GDP declined by 5% in real terms.
The following turnaround did not last long as the economy was
affected in 1998 by the Russianfinancial crisis and domestic political
turmoil. Conditions worsened in 1999 when general elections were
held and the country was hit by a major earthquake - real GDP
declined by 4.7% the same year. An economic crisis peaked in 2001,
resulting in a sharp contraction of 7.5% as depicted in Fig. 6.

The share of agriculture in GDP declined considerably from
16.4% in 1990 to 9.8% in 2007 whereas both industry and service
gained relative importance: industry increased its value share from
26.2% in 1990 gradually to 29.4% in 2007; the service sector reached
60.8% in 2007 - up from 57.4% in 1990. An illustration of the sectoral
GDP development is provided in Fig. 7.

The development of sectoral output in physical terms (joule, ton,
ton-km) is depicted in Fig. 8. It is observed that a sector’s physical
output trajectory is, in general, in correlation with the corre-
sponding trajectory of sectoral GDP. If a sector’s physical output
increases, its sectoral GDP rises as well - and vice versa. Production
data for the manufacturing sector has disruptions: no consistent
and reliable data is available for petroleum refining before 2000
and non-ferrous metals after 2001. Therefore, the manufacturing
data series is not comparable for the periods 1999e2001 and
2001e2002. And hence the manufacturing activity line in Fig. 8 is
left unconnected for these periods. The decline in 2000e2001 is
a result of the financial crisis that led to a contraction of the
Fig. 5. 1990e2007 sectoral C
economy with far-reaching impacts on industrial output and
employment. Impacts of the crisis were also observed in other
economic sectors as evident in Fig. 8. The long-term average annual
growth rates of sectoral economic activity during 1990e2007 were
7.0% in electricity production, 5.2% in transport, 1.8% in residential,
1.4% in agriculture, and 7.7e10.0% in manufacturing (during
1990e1999 and 2002e2007 respectively).
4. Results

Findings obtained from the decomposition analysis, based on
Equations (3)e(6), are presented below. These provide insight into
the rapid increase of Turkish CO2 emissions at sectoral level.
4.1. Electricity production

Electricity sector results are shown in Fig. 9, from which the
following observations emerge:

� Scale effect is the major determinant of a change in CO2
emissions from power plants. Except the periods 1992e1993
and 2001e2002, in which both CO2 emissions due to power
generation and the produced kWh amount declined (see Figs. 5
and 8), this effect was the main source of rising CO2 emissions
in the electricity sector. On average, 59% of all changes are
explained by the scale effect.
O2 emissions in Turkey.



Fig. 6. Annual growth rates of real GDP in Turkey, 1990e2007.
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� Composition effect led to a decrease in CO2 emissions starting
from 1996. This can be explained by the significant increase in
the installation of natural gas fired power plants.

� Carbon intensity appears to have little effect on CO2 emissions
except 2004e2005. A significant increase in the ratio of solid to
gaseous fuels may explain the exception: from 2004 to 2005,
coal fired power generation increased by 26% whereas natural
gas fired power generation increased only by 18%. An opposite
compositional change explains the emission reducing effect of
carbon intensity in 2001: the use of coal for power generation
increased by 2.9% whereas natural gas use increased by 27%
when compared to 2000. As natural gas is a relatively cleaner
fuel, its increased use as a substitute for coal had a downward
impact on emissions.

4.2. Manufacturing

Secondly, emissions from the manufacturing industry are
decomposed, yielding results shown in Fig. 10. The following obser-
vations emerge:

� The energy intensity effect has a dominant impact on CO2
emissions in manufacturing, which reduced emission levels in
9 out of 15 periods. The most significant impact is observed
during 1996e97, which sets a good example to observe the
Fig. 7. 1990e2007 sectoral development of
energy efficiency improvements that occurred in this period.
Economic activity of the non-ferrous metal industry, for
example, increased by14.7% whereas the energy requirement
rose by only 13.5% implying an improvement in energy
efficiency.

� Carbon intensity had a negligibly small effect on CO2 emissions
except for the period 1996e1998. Interestingly, this effect
contributed to emission increase in 1996, but a year later it
became the main source of emission reduction. This abnor-
mality was due to some structural changes in the chemical
industry: CO2 emissions from the chemical industry increased
by 12.9% in 1996, and decreased by 18.5% in 1997. There was no
significant change in energy use, however. Hence, the carbon
intensity of energy use changed sharply and instantly.

� The composition effect constitutes a constant source of emis-
sion reduction, which was particularly effective in the first
decade following 1990. The non-ferrous metal industry was
growing at a fast pace in those early years. Due to the fact that
CO2 emissions per one unit production of non-ferrous metal
are low when compared to other industries, emissions
decreased as a result of the rapid growth in the non-ferrous
metal industry.

� The major factor affecting CO2 emissions due to manufacturing
activity appears to be the scale effect. There is a strong positive
correlation between emission and activity levels implying an
Turkish GDP (at 1987 constant prices).



Fig. 8. 1990e2007 economic activity in Turkey (electricity: 1016 J; manufacturing: 106 ton; transport: 103 ton-km; residential: 107 m2; agriculture: 1012 TL - 1987 prices).
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increase in emissions except years of economic shortage, i.e.
1998e99 and 2000e01. From 1998 to 1999, Turkish manu-
facturing activity faced a 5% decline and from 2000 to 2001
the industry shrank by 15%. Accordingly, manufacturing
emissions have declined due to the scale effect in those
crisis years.

It should be noted that there is no analysis for the periods
1999e2000 and 2001e2002. This is because of abruptions in the
data: there is no data for petroleum refining before year 2000 and
non-ferrous metals after year 2001. Therefore, in order to avoid any
Fig. 9. Decomposition results: components of chang
misinterpretation due to lack of data, these periods are not included
in the analysis.

4.3. Transportation

Decomposition results for the transport sector are presented in
Fig. 11, from which the following revelations are noted:

� The energy intensity effect had a dominating impact on
CO2 emissions in the transport sector. Results indicate
a considerable decrease of CO2 emissions due to energy
es in CO2 emissions from electricity production.



Fig. 11. Decomposition results: components of changes in CO2 emissions from transportation.

Fig. 10. Decomposition results: components of changes in CO2 emissions from manufacturing.
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intensity, implying improvements in the fuel efficiency of
vehicles. There was, however, an increase in emissions due to
energy intensity in the last couple of years. This was a result of
the widespread shift toward LPG cars. The relatively high fuel
consumption of LPG cars (liters per km), which is around 30%
more than for gasoline, is reflected in the results.

� The shift toward LPG cars implies a decline in the carbon
intensity as the emission factor for LPG is lower than it is for
gasoline cars. This is reflected in the results as a decrease in
emissions due to carbon intensity.

� Similar to other sectors, the scale effect appears to be an
important contributor to CO2 emissions from transportation as
well. This is obvious since the total number of vehicles
increased continuously, and the total mileage and emissions
increased accordingly as well. However, it is observed that the
scale effect had a decreasing impact on emissions in years of
economic crisis. This was a result of the decline of activity in
freight transportation, which had a dominating impact on
transport emissions.

� The composition effect had a negligible impact on emissions
except 1994e1996. In those years, there was a major structural
change: navigation activity declined considerably whereas
road and rail transportation as well as civil aviation continued
to grow. Due to the shift away from carbon intensive trans-
portation (navigation), emissions declined.

It should be noted that there is no analysis for the period
2003e2004 because of an abruption in the data. There is no navi-
gation activity data regarding the period after 2003.
Fig. 12. Decomposition results: components
4.4. Residential buildings

Results from the decomposition analysis of emissions from
residential buildings are presented in Fig. 12, from which the
following observations are made:

� The major contributor to residential emissions is the energy
intensity effect. It leads mostly to an increase in emissions
meaning that energy consumption per unit area increases. For
example, in 1994 energy consumption increased by about 20%
whereas the floor area increased by only 2%. Accordingly, energy
efficiency worsened and the intensity effect made a positive
contribution to the emission increase. But this is rather unreal-
istic as there was a huge building stock whose energy efficiency
remained constant - the newly added ones, on the other hand,
typically had better energy performance. It might be that 1994
was an extraordinary cold year and energy requirements were,
therefore, extraordinarily high. However, this was not the case.
Moreover, energy intensity had a positive impact on emission
increase inmost other years aswell. Another explanation, which
appears to be more realistic, is that residential energy require-
ments have increased with higher income and living standards.

� Carbon intensity had a minor effect on emissions with
a decreasing impact in early years and a partly increasing one
in later years. The decreasing impact in early years was clearly
a result of the substitution of oil and coal based heating
systems with natural gas fired ones. Increasing impact in some
later years might be a result of the social policy to distribute
coal free of charge to low-income households.
of changes in residential CO2 emissions.



Fig. 13. Decomposition results: components of changes in CO2 emissions from agriculture.
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� The scale effect was constantly a source of a rise in emissions,
which was an expected result as the housing stock was
continuously rising.

No composition effect could be observed in the residential
sector as it was considered as a whole, but not differentiated into
subsectors due to data unavailability.
4.5. Agriculture

Finally, emissions from agriculture were decomposed yielding
the results shown in Fig. 13 and observations listed below.

� The scale effect mostly had an increasing impact on emissions.
There were years, however, in which agricultural output
(measured as real value added) declined. In those years, the
scale effect had a decreasing impact on emissions.

� Energy intensity also had mostly an increasing impact on
emissions. That is, more energy was required for the same unit
of agricultural output. It was a reflection of sectoral moderni-
zation, which implied an increase in energy use due to the
employment of more tractors and agricultural machinery.
Table 1
Dominant effects on sectoral CO2 emissions.

Electricity Manufacturing

Emission increase Scale Scale
Emission decrease Composition Energy intensity

a The carbon intensity led to an increase of residential emissions in the years 2001, 20
There is no composition effect for the agricultural sector as it is
considered as a whole, not differentiated into subsectors due to
data unavailability. The carbon intensity effect, on the other hand,
turned out to be negligibly small.

5. Discussion of findings

It is found that during 1990e2007, the scale effect was the
major source of emission growth in the Turkish electricity,
manufacturing and transport sectors, but not in the household and
agriculture sectors. In those two sectors, the major source of
emission growth appeared to be energy intensity. This is counter-
intuitive as one would expect energy intensity to improve over
time (and thereby reduce emissions) due to technological
advancement. It is, however, found that most of the CO2 increase in
the household and agriculture sectors could be attributed to
energy intensity changes. Similar conclusions for the Turkish
agriculture sector can be found in other decomposition studies
[1,2]. The case of agriculture could be considered as a reflection of
the mechanization process that took place in the last decade.
Accordingly, more energy was required to produce the same level
of output implying an increase in emissions. In the case of
households, on the other hand, the last decade was characterized
Transport Household Agriculture

Scale Energy intensity Scale/energy intensity
Energy intensity Carbon intensitya e

03 and 2006.
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by a decline in energy intensity because of increasing residential
energy requirements (caused primarily by higher income levels
and behavioral changes). In other words, the decrease in energy
efficiency was not due to a worsening of the buildings’ energy
performance but due to a higher energy consumption per floor
area. These findings indicate the particular importance of behav-
ioral changes in the household sector for the exploitation of energy
efficiency improvement potentials. Results for the household
sector cannot be compared with other sectoral decomposition
studies for Turkey as they do not include such a disaggregate level
analysis. Lise’s [1] decomposition analysis, for example, differen-
tiates the service sector as an aggregation of household and
services together whereas Tunç et al.’s [2] service sector is formed
as an aggregation of service, household and transportation sectors.
Obviously, much more insight is gained by the current sectoral
decomposition analysis.

In the transport sector on the other hand, it is found that energy
intensity had an emission reducing effect in general, but led to
higher emissions in later years. This was a result of the widespread
shift toward LPG cars in later years and reflected the relatively high
specific fuel consumption (l/km) of LPG cars compared to gasoline
fueled ones. Contrary to the widespread belief that LPG cars reduce
emissions due to lower specific emission factors (kg/J), this finding
shows that the lower efficiency of LPG cars actually led to an
increase in emissions. Naturally, LPG cars decrease the carbon
intensity but the lowering effect on emissions remained relatively
small in comparison to the emission increasing energy intensity
effect.

The analysis reveals interesting findings regarding the carbon
intensity effect as well. In the household sector, the substitution of
oil and coal based heating systems with natural gas fired ones in
the nineties was reflected as a decrease in carbon intensity,
implying a decline in emissions. However, it is found that resi-
dential carbon intensity and emissions increased in some later
years, which could be a result of the social policy to distribute coal
free of charge to the poor people. Although out of the scope of this
study, it should be mentioned that the combustion of coal will also
lead to various local pollutants like SO2 and NOx with possible
health implications. Therefore, it might be worthwhile to perform
a cost/benefit analysis on the free coal policy for households.
Furthermore, in the electricity sector, the widespread belief that
the rapid diffusion of natural gas in power production (which
makes up about half of all generation today) replacing coal would
decrease carbon intensity was not supported by the model results.
On the contrary, results indicate that carbon intensity even
worsened in some years and increased emissions from electricity
production. This finding can be explained by the decline in the
share of renewables (hydropower). The percentage of renewables
in electricity production was 40.4% in 1990, but decreased to
25% in 2000, and 17.4% in 2008. The share of renewables also
declined in other sectors; in total final energy use, renewables
decreased from 18.3% in 1990 to 15.1% in 2000 and 9.1% in 2008.
This explains that there was also no emission reduction due to the
carbon intensity effect in the other sectors, especially manu-
facturing. It is concluded that the renewable energy policy, tax and
subsidy regulations may need to be revised in order to limit the
increase in emissions and feature a more sustainable development
of the country.

6. Conclusions

Turkey has ratified the Kyoto Protocol in 2009, and is planning
for sustainable energy and climate policies. Several actions to
reduce emissions growth are being taken, even in the absence of
quantified emission reduction commitments. Little is known,
however, on the underlying effects of emission growth at sectoral
level and on the possible impacts of the actions.

A decomposition analysis of CO2 emissions from the Turkish
electricity, manufacturing, transportation, household and agricul-
ture sectors is undertaken in this study. The solid database, a sec-
torally disaggregated decomposition and the measurement of
output in physical (non-monetary) units constitute particular
strengths of the application. Some dominant effects on sectoral CO2
emissions in Turkey are summarized in Table 1.

As a result, it is found that the scale effect was a major source
of emission increase in the electricity, manufacturing and trans-
port sectors. Electric use, mobility, and production are still quite
low in Turkey on a per capita basis. Therefore, it can be expected
that the scale effect will continue to foster the growth of emis-
sions parallel to economic development. Still there is much
room to counteract the scale effect. Table 1 indicates further that
manufacturing and transport sector emissions decreased due to
energy intensity improvements. This may be considered as part of
an usual trend since ongoing technological development typically
implies an improvement in energy efficiency as well. A much
more effective emission reduction could perhaps be achieved
through a policy to reduce the carbon intensity of industrial
production and/or a policy to make the public transportation and
train networks more efficient. In the electricity sector, composi-
tional changes proved to be effective in reducing emissions. This
was achieved by the diffusion of natural gas based technologies.
A more efficient emission reduction may be possible in the future
by the diffusion of new renewable energy technologies, which
would reduce the carbon intensity of power generation. In the
household sector, electrification/modernization increased emis-
sions (indicated by the energy intensity effect in Table 1) whereas
carbon intensity led to a decline as natural gas substituted coal for
space heating. The exceptions in some late years where emissions
increased due to carbon intensity could be a result of increased
coal use for heating purposes as coal was distributed free of
charge to low-income households. Support for energy conserva-
tion measures and renewables would be a more sustainable
policy option instead. Additionally, behavioral changes (e.g. the
deployment of intelligent end-use devices in combination with
a smart grid) may support a more effective emission reduction in
the future.

Mechanization and increased output increased emissions in the
agriculture sector. This trend is likely to continue as there is a need
for modernization and more agricultural products due to growing
population. Best practice farming methods may help to reduce
agricultural emissions in the future.

This study has shed light on sectoral emission growth trajecto-
ries and underlying effects in Turkey, based on disaggregated good
quality data that is consistent over time and consistent with
international standards. Valuable insights are gained on CO2
impacts of sectoral policies, fuel switching, activity changes, energy
and emission intensities, yielding hints for the planning of energy
and climate policies.
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