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Abstract
The economic implications of reducing carbon emissions in Turkey are investigated in this study by means of a technologically detailed energy policy model. A Bottom-Up (BU) disaggregate activity analysis framework of the energy sector is combined with an aggregate representation of the macroeconomy (MACRO) under an economy-wide nested CES production function. The model allows for both price-induced and autonomous energy conservation, energy efficiency improvement, technological learning, interfuel and technology substitution, and for emission certificate trading. BU-MACRO is used to generate Turkey’s reference projections of energy use and economic growth, and to explore the GDP loss implied by stabilizing CO2 emissions. The CO2 reductions in year 2020, for holding down emissions at 2005 and 2010 levels, amount to 42% and 27% of reference emissions and result in a GDP loss of 6.1% and 2.7% respectively. The findings show that a quarter of the GDP loss can be offset via emission certificate trading.

1. Introduction
According to Turkey’s First National Communication on Climate Change, submitted to the United Nations Framework Convention on Climate Change (UNFCCC) secretariat in January 2007, CO2 emissions have grown tremendously by 72.6% in the period 1990-2004 - a growth rate that is by far the highest one among Annex I countries. The outraging growth of emissions can be explained by the special circumstances of Turkey which place the country in a situation different from that of other Parties included in Annex I to the Convention. The exceptional status of Turkey is accepted by all parties with decision 26/CP.7 taken at the seventh Conference of Parties in 2001. It can be said that this decision acknowledges the growing needs of the developing Turkish economy – as opposed to the rest of Annex I: OECD countries and former East Bloc countries with economies in transition. However, 26/CP.7 provides no excuse for an uncontrolled and accelerated growth of greenhouse gas (GHG) emissions. As of June 2007, 175 countries have ratified the Kyoto Protocol to the UNFCCC and cooperate in order to limit the growth of global GHG emissions.
Turkey’s environmental policy with no GHG emission reduction agenda and without a Kyoto ratification in sight attracts GHG-intensive technology investments and puts the country into an awkward situation: the emission intensity increases dramatically and Turkey appears to be a candidate to become the World’s most intensive GHG emitter. Obviously, this environmental policy is on the longer term not sustainable in a world faced with the threat of global warming where the international community cooperates to reduce GHG emissions. In April 2007, upon request by the UK during her chairmanship, the UN Security Council discussed how climate change could trigger increasing conflicts and famine. The G-8 summit in June 2007 has agreed on coordinated action to reduce global emissions, calling for a new global agreement under the UNFCCC by 2009. It is reasonable to expect that Turkey will face increased international pressure to contribute to the mitigation of carbon emissions. The immediate question that arises is: what are the economic costs of reducing carbon emissions in Turkey ?
There is a great variation in estimates of costs associated with GHG emission reduction in Turkey, ranging from 20 to 150 billion dollars (Milliyet, 13/02/2007; Hürriyet, 17/04/2007). It is therefore essential to scientifically contribute to the ongoing cost discussion and quantify economic impacts of reducing the growth of carbon emissions, based on a realistic representation of energy-economy-GHG interactions. Such an analysis is also of importance under the ongoing EU accession process, which makes it increasingly likely that Turkey accesses the Kyoto Protocol in the near future.
The reduction of GHG emissions can be achieved via energy efficiency increases, diffusion of renewable and nuclear energy technologies substituting fossil fuel based ones, and energy conservation as well as other measures (such as increasing the capacity of sinks, employing carbon capture and storage technologies) which are beyond the scope of this study. Typically, reference economic growth is based on the maximization of utility for comsumers and profit for producers. A deviation of the optimal growth trajectory due to policies and measures to reduce GHG emissions can provide an estimate of the associated economic cost. This economic analysis of a cost-efficient CO2 emission reduction is presented in theis paper, based on an environmental policy model of energy-economy interactions described in the following. 
2. Model Description

The model combines a Bottom-Up (BU) disaggregate activity analysis framework of the energy sector with an aggregate representation of the macroeconomy (MACRO) by means of an economy-wide nested CES production function which aggregates the demand for energy with capital requirements and labor inputs. Energy demand is separated into electric and nonelectric energy as two broad categories of final energy demand. The growing energy needs of the economy are met by additional capacity on the supply side which includes a detailed representation of energy conversion technologies. Supplies and demands are equilibrated within each time period, thereby having intertemporal interaction as a result of the savings-investment accumulation process inherent in the model formulation. The disaggregate energy sector representation of the model allows to anticipate the level of energy-induced CO2 emissions, and to explore the economic costs of CO2 emission reduction.. The associated environmental submodel includes feedback links both to the energy sector and the economy. The energy-environment link is established via emission reductions achieved through the use of clean energy technologies. Besides technological change, emission restrictions can lead to energy conservation as a result of a reduction in the endogenous energy service demands. The cost of renewable energy technologies (RETs) is assumed to decline exponentially under an increasing production volume in accordance with the empirical evidence summarized under learning curves (e.g. Nordhaus/Van der Heyden, 1983; Dutton/Thomas, 1984; Argote/Epple, 1990). Another financial incentive for RET installation is provided by the option of emission trading, the value of which is defined to reduce energy cost assuming that Turkey becomes a seller of emission certificates. The model is structurally similar to an earlier version (Kumbaroğlu/Karali, 2006), of which the environmental submodel is modified so as to exclude the ‘willingness-to-pay’ feature and include international emission trading.
The energy, economy and environment submodels are linked to obtain equilibrium solutions through utility maximization over a planning horizon of t=1,...,T periods. In consistence with the neoclassical theory of consumption, utility (U) is defined as the totality of the discounted logarithm of consumption (Ct). Hence, the objective function is formulated as:
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is the utility discount factor. Each individual time period identifies a representative year t.

4.1. The Economy Submodel

The conventional macroeconomic identity defines GDP classically as the sum of Ct  , investments (
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The relation between GDP and gross production (Yt) is established as:

Yt= GDPt + ECt  
differentiating the cost of energy (ECt) from GDP to account for energy-economy interactions in accordance with the elephant-rabbit approach introduced by Hogan/Manne (1979). The model aggregates the input factors of capital, labor and energy according to a nested Constant Elasticity of Substitution (CES) production function. At the first level, two major components of energy service demand, as formed by electricity (
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), are aggregated with a unitary elasticity of substitution (Cobb-Douglas). Likewise, capital (Kt) and labor (Lt) are aggregated Cobb-Douglas. At the second level, the primary and energy aggregates are combined with a constant elasticity of substitution (
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). A putty-clay representation is adapted in the formulation, i.e. substitution is allowed only among newly added variables (indicated by the letter N added to the names) whereas the remaining stocks remain unchanged. The incremental production (
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 grows at an exogenous rate accounting for energy efficiency improvements. The parameters sl, sk, se, sne stand for the value shares of labor, capital, electric and non-electric energy respectively.

The relationship between newly added variables and surviving stocks is established as 
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where p is the period length (number of years between two successive time periods), and 
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 stands for the annual survival factor which reflects the rate of decline in existing stocks due to retirement. Capital accumulation during a p-year period is computed as an average of previous and current period investments. 
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A foreign trade constraint restricts imports so as not to exceed the sum of exports (Xt), imports (
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), factor incomes from abroad (Ft), worker remittances (Wt), and tourism revenues (TRt).
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Upper and lower bounds are imposed for imports and exports to overcome possible distortion due to market imperfection and follow the optimal time path anticipated by utility maximization. 
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Energy demand and cost relationships establish the link between the energy and economy sub models. 
3.2. The Energy Submodel

The energy aggregates are composed as a sum of various technological options using different fuels: 
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ELECt,k and NELECt,m represent the energy coming from technology type k and fuel type m used for generating electricity and non-electric energy respectively. 
The replacement of energy technologies occurs at the end of a useful lifetime of 30 years according to the following depreciation equations:
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 define incremental levels for electric and non-electric energy technologies respectively, and p denotes the period length in years. 

Energy cost (ECt) is computed as 
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 denote the renewable cost components for electric and non-electric energy respectively. RELEC and RNELEC are the renewable counterparts of ELEC and NELEC. Income from International Emission Trading (IETt) due to new renewable power generation reduces energy cost providing a financial incentive for the installment of renewable energy technologies (RETs). The cost for renewable power generation is defined as a function of installed capacity featuring technological learning for RETs:
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where 
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 is the cost for each type of renewable electricity in time period t. CUMt,k, denotes the cumulative production and and lik is the learning index for renewable energy technologies. Accordingly, RET costs are reduced for each doubling of cumulative installed capacity by the learning rate (1-2lik). The cumulative production is computed as the ratio of current to initial production levels: 
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3.3. The Environmental Submodel

In the environmental submodel, CO2 emissions are computed by applying related emission factors (
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IETt  is obtained from the newly added renewable electricity generation, based on an average emission factor (
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3. Empirical Analysis

The empirical analysis is based on data from Turkey. The case of Turkey forms a particularly interesting subject because of the rapidly growing economy accompanied by rapidly growing fossil fuel demand and GHG emissions. For the last decade, there has been an annual population growth rate of 1.3%, and a dynamic economic structure with 6.2% average annual GDP growth. The country’s primary energy demand has grown by 3.8% p.a. and, if this trend continues, there will be a doubling of energy consumption by 2025 and a tripling by 2035. The per capita electricity production in Turkey is nearly 2000 kWh and thus the lowest one among EU-member and candidate countries. A continued fast expansion of the energy sector can be expected with a continued growth of the economy. The great renewable energy potential of the country seems to be an opportunity for new GHG reducing investment, challenged by economic considerations. The economic costs of mitigating carbon emissions, and expansion prospects for RETs are a subject of continuous debate in Turkey. The energy vision of the country is based on the expansion of fossil-based energy sources and assumes a stable share of RETs. However, a significant economic potential of renewables exists and targeted policies need to be introduced if these are to be promoted (Kumbaroğlu et al., 2007). The empirical analysis provides interesting findings for the diffusion of new renewable power generation technologies.
The energy, economy and environment submodels desrcibed in the previous section are linked to produce equilibrium solutions through utility maximization over a planning horizon of twenty years. The base year has been selected as 2005, which is the latest year for which all the required data was available. The full dataset for the base year and model assumptions are given in the appendix. 
The model, having a dimension of 492 constraints and 734 variables, is written in GAMS and results have been obtained with the solver MINOS for a Business-As-Usual scenario without any emission restrictions, and four environmental policy scenarios where emissions are restricted to year 2005 and 2010 levels, with and without allowance for emission certificate trading (at a price of 10 $/ton CO2). Hence, the following five scenarios are defined:

REF 

: Reference Scenario – No Emission Restrictions
E2005

: Emissions Restricted to Year 2005 Levels – No Emission Certificate Trading
E2010

: Emissions Restricted to Year 2010 Levels – No Emission Certificate Trading
E2005CER
: Emissions Restricted to Year 2005 Levels – Emission Certificate Trading:10$/t CO2 E2010CER
: Emissions Restricted to Year 2010 Levels – Emission Certificate Trading:10$/t CO2
Results for the two indicators of primary concern, GDP and CO2, are shown in Table 1. It should be noted that the CO2 emissions depicted do not account for removals from sinks, land use change and forestry.
Table 1. GDP and CO2 Emission Level Projections
	
	REF
	E2005
	E2005CER
	E2010
	E2010CER

	2010

GDP (109 $)
CO2   (Mton)
	636.74

318.43
	623.77

253.71
	627.52

247.24
	634.19

303.02
	636.19

265.00

	2015

GDP (109 $)
CO2    (Mton)
	877.80
379.34
	840.21

253.71
	847.82
242.46
	862.09
313.45
	871.38
271.88

	2020

GDP (109 $)
CO2    (Mton)
	1086.03
437.73
	1020.06

253.71
	1024.94
239.21
	1056.25
318.43
	1063.60
273.31

	2025

GDP (109 $)
CO2    (Mton)
	1271.99
497.12
	1174.90

253.71
	1181.36
237.31
	1221.59
318.43
	1230.87
271.41


As evident from the above table, holding emissions down to year 2010 levels implies a decline in GDP in the amount of 30 billion dollars in 2020. Holding emissions down to year 2005 values would imply another 36 billion dollar GDP loss in 2020. The economic cost can be partly offset via emission certificate trading, through which renewable electricity generation technologies are promoted. The cost of these technologies is further reduced through technological learning. A gain of 7 and 14 billion $ is achieved in 2020 reducing for the 2010 and 2005 emission level scenarios respectively. That is, over 20% of the economic loss can be offset via emission certificate trading (at a price of 10$/t CO2) The percentage changes in GDP and marginal abatement costs are depicted in Figures 1 and 2.
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Figure 1. Percentage Deviation in GDP from Reference Results
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Figure 2. Marginal Abatement Cost of CO2 Emission Reduction
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Figure 3. Percentage Share of New Renewables in Power Generation
Figure 3 indicates the share of new renewables in power generation. Emission restrictions alone do not trigger the development of renewable energy technologies as these are not competitive without financial assistance or directed policies for promotion (such as high feed-in tariffs, green certificate systems, tax incentives). However, emission certificate trading together with technological learning makes renewable technologies become competitive from an economic point of view and a rapid diffusion occurs: the share of new renewables increases up to 50% in the power generation mix of year 2020.
4. Conclusions
Regardless of the shortfalls stemming from the necessity to aggregate quantities and technologies, the framework developed in this study appears useful in exploring the economic costs of CO2 emission reduction.
The results show that the marginal economic cost of reducing emissions exceeds 200$/ton CO2, but this can be reduced by emission certificate trading. In particular, RETs are widely employed in the case of certificate trading at 10$/ton CO2. This is because of the reduction in the cost of RETs as a result of an accelerated expansion of these technologies. As these technologies become competent, emission reduction appears to become part of the cost-effective reference projections and economic shrinkage (which occurs without RET expansion) is partly offset. 
The findings indicate the importance of emission certificate trading on energy policy and economic growth. An economic cost of quantified emission reduction commitments still remains for the sake of sustainable development, but there are other positive side-effects from which the country would benefit. Utilizing the RET potential of the country to a wider extent will reduce the heavy reliance on imported fuels. In this manner, the vulnerality of energy supply to geopolitical developments and energy price volatilities can be reduced together with the foreign exchange bill that has to be paid for energy imports. 
It should be noted that the economic losses are to be interpreted as an upper bound since many cost-effective emission reduction instruments might exist, which are not explored in this paper. Emission taxation, for example, could be an effective policy instrument to reduce emissions and provide additional income to the budget with the potential for a double dividend as indicated by Kumbaroğlu (2003) for the case of NOX taxation in Turkey.
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Appendix
Table A1. Macroeconomic Data for the Base Year (2005)
	Macroeconomic Data
	      Value (109 $)

	GDP
	363.30

	Consumption
	198.96

	Import
	116.77

	Export
	73.48

	Investment
	207.64

	Factor incomes from abroad, others
	20.35

	Workers' Remittances
	4.75

	Tourism Revenues
	18.52


Table A2. Energy Data for the Base Year (2005)
	
	    Electric Energy
	  Non-electric Energy

	Source
	       (TWh)
	     (cent/kwh)
	       (Mtoe)
	       ($/ton)

	Oil
	6.89 
	8.50
	35.99
	364.2

	Hard coal
	12.92 
	4.69
	11.20 
	203.33

	Lignite
	28.26 
	3.57
	8.63
	160.77

	Natural gas
	72.68 
	5.50
	15.05 
	169.21

	Hydroelectric
	39.57 
	4.75
	
	

	Others
	1.01
	17.18
	6.42 
	81.40

	Wind
	0.06
	7.00
	
	

	Solar
	0.00
	25.88
	14.26 
	22.09 $/Mtoe

	Biomass
	0.11
	7.33
	1.011 
	17.45$/Mtoe

	Geothermal
	0.09
	2.57
	14.13
	87.23$/Mtoe


Table A3. Emission Factors
	Source
	Electricity

(kg CO2/kWh)
	Non-electric Energy

 (t C /TJ)

	Oil
	0.79
	18

	Hard coal
	0.94
	25

	Lignite
	0.98
	25

	Natural gas
	0.58
	11

	Turkey Average
	0.53
	-


Table A4. Reference Assumptions
	Macroeconomic Assumptions:
	
	Energy Price Assumptions AssumptionsGrowth Rates:
	

	 Marginal Productivity of Capital
	15%
	 Electricity Costs Growth Rate:
	

	 Cost and Utility Discount Rate
	3.0% per year
	 Oil
	0.8%

	 Productivity Growth Rate
	1.0% per year
	 Solid
	0.5%

	 Labor Force Growth Rate
	1.0% per year
	 Natural gas
	0..6%

	 Upper Limit on Imports
	30.0% of GDP
	 Hydroelectricity
	1.5%

	 Lower Limit on Exports
	20.0% of GDP
	 Others
	5.76%

	 Value Share of Capital* (sk)
	40.0%
	 Non-electric Costs Growth Rates:
	

	 Value Share of Labor* (sl)
	60.0%
	 Oil
	6.0%

	 Value Share of Electricity** (se)
	45.0%
	 Solid
	6.1%

	 Value Share of Non-electricity** (sne)
	55.0%
	 Natural gas
	3.1%

	 Elasticity of Substitution***
	0.3
	 Others
	5.76%

	 Capital/Output Ratio
	3.0
	 Learning Rates:
	

	
	
	 Solar
	20.0%

	
	
	 Bioenergy
	15.0%

	
	
	 Wind
	8.0%

	
	
	 Geothermal
	3.0%


* in capital-labor pair; ** in energy aggregates; ***between energy pairs and primary factors
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