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Abstract

The aim of this article is to analyze the decarbonization options of Turkiye's electricity
generation sector. Turkiye is an emerging economy, so its population, economic activities
and overall welfare have been increasing. However, economic and social development
result in rising greenhouse gases, particularly CO, emissions. Tlrkiye's emissions are
required to be mitigated. Firstly, the main drivers (GDP, population, energy, and carbon
intensity of primary energy sources, etc.) CO. emissions of electricity are investigated
between 2008 and 2020. The method of this query is based on Logarithmic Mean Divisia
Index (LMDI). Secondly, Turkiye's climate policy on the decarbonization of the electricity
sector is analyzed. To that, supply and demand projections of electricity are conducted. After
these projections are completed, decarbonization policy options are assessed in the LEAP
Model (Low Emissions Analysis Platform). The reduction potential for CO, emissions and
the costs will be calculated according to the policy options. The projections will be extended
by 2053 because Tirkiye has declared to net zero emissions target by 2053. The electricity
sector will have a significant emissions reduction and decarbonization potential, so its
contribution to the overall net zero emissions target is crucial for Turkiye's long-term low
emissions development strategy.

Keywords: Decarbonization, Electricity emissions, Low emissions development

Introduction

The United FrameworkConvention on Climate Change (UNFCCC) was adopted in 1992 to
stabilization of greenhouse gas (GHG) concentrations in the atmosphere (UNFCCC 1992).
Countries have been trying to mitigate climate change by reducing greenhouse gas (GHG)
emissions, conservation of emissions sink area and controlling land use change. In 1997, the
Kyoto Protocol was adopted in order to reduce GHG emissions from 2008 to 2012 according
to a reference year which was 1990 commonly (UNFCCC 1998). Since only Annex | of the
UNFCCC led to quantified GHG emissions reduction, efforts were observed as inadequate
without the participation of all countries. Finally, the Paris Agreement was adopted in 2015
(UNFCCC 2015). While the Paris Agreement demands GHG emissions reductions from
countries, it also expects fundamental changes in countries’ economic sectors towards low-
carbon development. In this context, Article 4.19 of the Paris Agreement requests countries to
prepare their long-term low emissions development strategies. Tlrkiye, a party to the Paris
Agreement, is subject to this, so Turkey is expected to reveal its GHG emissions reduction
potential.

The transition towards the low carbon development model is not only the agenda of the
UNFCCC and the Paris Agreement. It is also supported by the Organization for Economic
Cooperation and Development (OECD), the International Energy Agency (IEA), and
multilateral development banks such as the World Bank (Fay et al., 2015; OECD, 2013; OECD,
2015; UNFCCC, 2015). The main motivation of this model is tackling global climate change
without compromising on achieving sustainable development. Particularly alleviating poverty
and unemployment by reducing the pressure on natural resources, put forward policy bundles
that will contribute to economic growth and employment within sustainable production and
consumption patterns. Since each country has unique conditions, there are no uniform policy
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bundles and scenarios. While low-carbon development allows countries to reduce GHG
emissions, the cost of this should be estimated and the realization of the model for the energy
system should be investigated. The aim of this paper is to analyze the drivers of emissions
increases in electricity generation and to estimate the reduction potential and cost of the sector
to a low-carbon development model.

Literature Review

The low-carbon development model has emerged frequently in recent years (Broek, Berghout,
and Rubin 2015; Gu et al. 2015; IDDRI 2017; Blumberga et al. 2014; OECD, IEA, NEA 2015).
This model aims to reduce GHG emissions in production and consumption chains in many
sectors, especially in the electricity generation sector (Yao, Feng, and Hubacek 2015; Fragkos
et al. 2017; Pearson and Foxon 2012). Within the model's scope, the transition from higher
carbon-intensive sources and technologies to lower carbon and zero emissions intensities are
the main objectives (Rudinger et al. 2018; Foxon 2011; Bodnar et al. 2018). Using renewable
energy sources and nuclear energy, the preference for natural gas with a lower carbon intensity
instead of coal and lignite are the primary measures in the initial steps (IPCC 2011; OECD
2015). The second step for the model is to ensure energy efficiency at every stage, from energy
production to consumption. For example, in the electricity sector, technology changes in
production plants, increasing efficiency by adding additional processes, improving the
transmission and distribution lines of electricity, renewal of high voltage and low voltage
transformers, optimizing the use of minimum lines in the distribution network, preferring
efficient goods and tools by users in the final consumption of electricity can be shown as
measures to increase energy efficiency (Edenhofer et al. 2011; Bruckner T., I. A. Bashmakov,
Y. Mulugetta, H. Chum, A. de la Vega Navarro, J. Edmonds, A. Faaij, B. Fungtammasan, A.
Garg, E. Hertwich, D. Honnery, D. Infield, M. Kainuma, S. Khennas, S. Kim, H. B. Nimir, K.
Riahi, N. Strachan, R. Wiser 2014). The third and final stage is using the carbon capture and
storage (CCS) option in the cement, iron, steel and chemical sectors, which is not technically
possible to reduce the carbon intensity to zero with the existing technology and innovation
opportunities. Although the CCS method has not completed its technology readiness level, it
is being applied by countries at pilot scales. Scientific research is ongoing on this method to
increase the risks in storage, the high cost and the fact that it has not yet reached the level of
technological maturity. On the other hand, the first and second priorities for low-carbon
development, such as fuel and technology change and the handling of energy efficiency in the
life cycle, are widely used (Bruckner T., I. A. Bashmakov, Y. Mulugetta, H. Chum, A. de la
Vega Navarro, J. Edmonds, A. Faalij, B. Fungtammasan, A. Garg, E. Hertwich, D. Honnery, D.
Infield, M. Kainuma, S. Khennas, S. Kim, H. B. Nimir, K. Riahi, N. Strachan, R. Wiser 2014).

Material and Method

Within the scope of the article, driving factors affecting the emission structure of the Turkish
electricity sector will be investigated between 2008-2020. The reason for selecting 2009 as
a starting year is that Turkiye’s ratification process of the Kyoto Protocol. The decomposition
analysis method has been selected since it is widely used in determining the factors affecting
CO; emissions. This method is most often used to decompose electricity and other energy
sectors. Under the decomposition analysis, Index Decomposition Analysis (Ang 2004;
Hoekstra and van den Bergh 2003) which has been widely performed to detect CO-
emissions from electricity generation (Huang et al. 2019), provides a sub-method, namely
Logarithmic Mean Divisia Index (LMDI).

In the LMDI method to be used for Turkiye, the change in the control year and target year
will be examined (Equation 1).
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In Equation 1, C" indicates CO emissions in the target year, and C° indicates emissions in the
control year. Then five main factors are identified that can effectively change CO, emissions.
These are:ACy, ACy, ACy,AC,, AC, (Ang 2004; 2015; Wang and Wang 2019; Hoekstra and van

den Bergh 2003). These factors are expressed as additive decomposition. Emissions for one
year are based on the change of factor five by representation in equations 2 and 3.
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In the LMDI, variables (G, p, m;,u; and e;) are:

C: CO2 emissions from the combustion of fossil fuels

G: Total electricity generation

Q: Electricity generated by fossil fuel-using thermal power plants

F: Fuel consumption

p (Q/G): proportion of electricity generated from fossil fuels

m; (Qi/G): ratio of electricity generated from fossil fuel (i) to total electricity
production

ui (Fi/Qi): electricity generation (i) based on fossil fuel (i)

¢ ¢ (Ci/Qi): the emission factor of fossil fuel (i)
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The second objective of this study is to explore emissions mitigation in the electricity sector
between baseline, in other words, business as usual (BaU) and low-carbon development
policies. According to the policy options, the reduction potential and cost for CO, emissions
will be calculated. Low Emissions Analysis Platform (LEAP) will be used to achieve this goal.
LEAP is an integrated, scenario-based modeling tool that can monitor energy consumption,
production, and resource extraction across all sectors of an economy. Both the energy sector
and the non-energy sector are used to account for GHG emissions sources and sink areas.
The LEAP program was chosen because it allows the use of a comprehensive database and
provides the opportunity to analyze energy supply and demand projections in terms of cost,
environmental impact and GHG emissions. The LEAP program is widely used worldwide for
electricity demand and supply projections. Such as projecting the GHG emissions generated
by different policy options of the Japanese energy sector (Takase & Suzuki, 2011), analysis of
China's energy-based low-carbon development scenarios (Zhou et al. 2014) and modeling the
reduction of CO, emissions in the electricity sector(Cai et al. 2007), modeling Lebanon's
electricity sector with alternative scenarios (Dagher and Ruble 2011), making long-term
supply-demand forecasts for Pakistan's electricity generation (Mirjat et al. 2018), evaluation of
long-term alternative scenarios of the Panamanian electricity sector (McPherson and Karney
2014) and development and evaluation of renewable energy policies of Bulgaria (Nikolaev and
Konidari 2017).



For data collection, energy-related data such as final energy consumption, electricity installed
capacity and generation, electricity prices, the calorific value of coal, lignite, natural gas, oil;
socio-economic data (GDP and population) are gathered from TURKSTAT and Turkish official
databases located in line ministries. Technical coefficient and variables are obtained from the
LEAP databases, and capacity credit, capacity factor, and merit order for power plants are
discussed with energy experts of public and private institutions.

Results and Discussions

Electricity generation of Turkiye increased from 194,736 GWh to 306,703 GWh between 2008
and 2020 (Figure 1). The CO emissions from electricity generation fluctuated for the same
period, but the overall trend increased. For example, it was more than 115 million ton (mt) in
2008, 144 mtin 2018 (as a maximum level) and 123 mt in 2020.
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Figure 1. Electricity generation and its related CO, emissions between 2008 and 2020.

The reason behind this fluctuation is explained in Figure 2. Five decompositions of drivers
(ACy, AC,, ACy,, AC,,AC,)on CO, emissions have different impact and magnitude. For ACeg,

except for 2009, the global financial crisis year, electricity generation continuously raised and
has an increasing effect on emissions. AC, has increasing and decreasing effects on emissions
because of the changing share of fossil fuel inputs into electricity generation. AC, has a
mitigation effect of 45.79 mt emissions between 2008 and 2020. Similarly, ACy has a
fluctuating role in emissions. Still, it has an increasing effect of more than 25 mt for the same
period because the share of primary energy sources among fossil fuels came from more
carbon-intensive (i.e., imported coal and lignite) than before. On the other hand, there has
been energy efficiency improvement in fossil fuel-based power plants AC,. Even though there
has been a lack of efficiency improvements in some years, the efficiency improvement has
contributed to more than 15 mt emissions reduction. Last but not least, changes in emission
factors (ACe) have positive and negative effects on emissions reduction. For this driver,
reduction of emissions factors contributed to almost 11 mt. Emissions from electricity
generation increased by only 8.3 mt between 2008 and 2020.
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Figure 2. Decomposition of CO, emissions in electricity generation between 2008 and 2020

301,100 GWh electricity generated in Tlrkiye in 2019. According to the Ministry of Energy and
Natural Resources projection, Turkiye's electricity demand will be 591 thousand GWh in 2040
(MENR 2022). The projected electricity generation is extrapolated by 2053 to obtain demand
for the final year. Two scenarios (Baseline and Net Zero Electricity) are conducted in the LEAP.
Assumptions of Baseline, in other words, Business as Usual scenario, are based on reducing
electricity transmission and distribution losses by 10% by 2053. Besides, using primary energy
sources (both renewable and non-renewable) by 2053 is accepted as the 2019 ratio.
Assumptions of the Net Zero Electricity scenario focus on further reduction in electricity
transmission and distribution losses (5%), and utilization of economically feasible renewable
energy sources in Turkiye. In that regard, hydro (50,000 MW), biogas and waste (20,000 MW),
wind (30,000 MW), solar (50,000 MW), and geothermal (10,000 MW) will be utilized for
generating electricity. The remaining demand will be supplied by fossil and nuclear energy
sources. Figure 3 presents the emission difference between Baseline and Net Zero scenarios.
Baseline and Net Zero's Emissions are estimated to be 424,6 and 84,3 mt by 2053. Therefore,
340.3 mt of emissions can be mitigated in 2053.
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Figure 3. CO, emissions mitigation potential of Net Zero Scenario

The additional cost of the Net Zero scenario is shown in Figure 4. Cost parameters in LEAP
are feedstock and auxiliary fuel costs, capital, fixed and variable operating and maintenance
costs, module costs and any stranded costs associated with pre-existing processes. Baseline
and Net Zero scenarios cost USD 23.961 billion and USD 27.993 billion in 2053. Therefore
additional cost in 2053 will be USD 4.031 billion. When additional cost is considered with
mitigated emissions amount, it can be inferred that cost per ton of carbon reduction will be
11.84 USD.
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Conclusion

Effective combatting climate change requires international efforts. The UNFCCC, the Kyoto
Protocol and the Paris Agreement are multilateral climate agreements for this objective. GHG
emissions mitigation is the utmost priority and main goal of these treaties. In 2015, the Paris
Agreement successfully introduced the long-term low emissions development strategies in
Article 4.19. Several key policies exist for all in the transition towards low emissions
development strategies. Utilization of renewable energy sources, increasing energy efficiency,
reduction of demand without compromising welfare, and introducing new and innovative
emissions mitigation technologies. In that regard, the electricity generation sector still has room
for energy efficiency and renewable energy measures for emissions mitigation. In this study,
energy efficiency measures in the electricity sector reduce electricity transmission and
distribution losses. For renewable energy sources, economically feasible potential sources are
replaced with fossil fuels by 2053. When drivers of electricity originated emissions are
decomposed by the LMDI method, the main contribution to emission mitigation (45.79 mt)
between 2008 and 2020 comes from replacing fossil fuels with renewable energy sources.
Besides, for the same period, total energy efficiency improvement contributes to around 15 mt.
Both renewable energy and energy efficiency are considered as main measures in the Net
Zero Scenario, 340.3 mt of emissions can be reduced in the electricity sector in 2053. The
annual cost of this reduction is estimated at 4,031 million USD for the same year. This implies
that the cost of per ton of emission mitigation can be 11.84 USD. When carbon price
instruments such as tax or trade are higher than 11.84 USD, it is rational to mitigate emissions
rather than purchase carbon credit/allowances or pay a carbon tax.

In conclusion, Turkiye has significant potential to reduce emissions in the electricity sector via
using renewable energy sources and technologies and improving energy efficiency in
transmission and distribution lines.
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