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ABSTRACT

TECHNOLOGICAL DETAILED MODELING AND ANALYSIS OF

ELECTRICAL ENERGY USE AND CO, EMISSIONS IN TURKEY

WITHIN THE FRAMEWORK OF MARKAL BASED BOTTOM-UP
NATIONAL ENERGY MODEL

In Turkey, as a fast developing country, demand for energy is growing each day. As
energy’s strategic importance regarding sustainable economic growth, social and political
stability gets greater; an energy modeling system that balances long and short term energy
supply and demand, identifies possible bottlenecks, coordinates investments and financing,
and foresees environmental impacts, a scenario based framework becomes inevitable. For
the purpose of analyzing and better understanding the energy sector of Turkey and being
able to predict how the energy sector will evolve in the future; a “bottom-up”, long-term
energy supply and demand balance modeling system which is the “MARKAL” modeling
system and the MARKAL-TURKEY model developed at Bogazi¢i University are
deployed in this study. Especially, the electricity generation sector of the MARKAL-
Turkey model is analyzed and expanded with the aim of minimizing total costs and
estimating total amount of greenhouse gas (GHG) emissions. Firstly, a reference scenario
that reflects the status of Turkey’s energy system under current conditions and expected
future trends is generated, and different “What-if” scenarios are developed by, (i)
restricting CO, emissions at a certain percentage, (ii) applying tax per tonne of CO, (iii)
changing fuel prices, (iv) forcing carbon capture and storage (CCS) technologies
deployment and, (v) utilizing nuclear power. Together with the reference scenario,
different realizations of these considerations and their combinations have led to the
generation of a total of 30 scenarios (as the reference scenario and alternative scenarios).
Finally, the results of each scenario are presented considering the electricity sector costs,
the CO, emissions and fuel consumptions. After the analyses of these results, concluding

remarks are given.



OZET

MARKAL ULUSAL ENERJi MODELI CERCEVESINDE
TURKIYE’DE ELEKTRIK ENERJIiSi KULLANIMININ VE CO,
SALIMININ TEKNOLOJIi DETAYLI MODELLENMESI VE ANALIZi

Gelismekte olan bir iilke olarak, Tiirkiye’de enerjiye olan talep her gegen giin daha da
artmaktadir. Sirdiiriilebilir ekonomik biiyiime, sosyal ve politik istikrar konularinda
enerjinin stratejik degeri arttikg¢a, uzun ve kisa vadeli enerji arz-talep dengesini saglayan,
olas1 darbogazlar tanimlayan, yatirim ve finansmanlar1 koordine eden ve ¢evresel etkileri
Ongoren senaryo tabanl bir enerji modelleme sistemi 6nem kazanmaktadir. Bu ¢alismada,
Tiirkiye’nin enerji sektoriinii daha iyi anlamak ve analiz etmek amaciyla, ayrica enerji
sektorlinlin gelecekte nasil gelisecegini tahmin edebilmek i¢in, uzun vadeli bir enerji arz-
talep dengesi modelleme sistem olan “MARKAL” modelleme sistemi ve Bogazici
Universitesi'nde gelistirilen MARKAL-TURKIYE modeli uygulanmistir. MARKAL-
TURKIYE modelinin 6zellikle elektrik iiretim sektorii ile ilgili modiilleri {istiine
odaklanilmig, bu sektoriin toplam maliyetlerini minimize etmek ve toplam sera gazi
emisyonlarinin miktarin1 belirlemek amaciyla ilgili MARKAL-TURKIYE modiilleri
giincellenmis ve genisletilmistir. Oncelikle, Tiirkiye’nin enerji sistemini gergeklikle
yansitan bir baz senaryo hazirlanmistir, ve sonrasinda ise, (i) karbondioksit emisyonunun
belli bir oranda azaltildig, (ii) salinan karbondioksite birim ton basina vergi uygulandigi,
(iii) yakit maliyetlerinin arttirildigi, (iv) karbon tutma ve yakalama teknolojilerinin
uygulandigi ve (V) niikleer giiciin kullanildig1 alternatif senaryolar iiretilmistir. Bu
senaryolar ve kombinasyonlariyla beraber; bir tanesi baz olmak f{izere toplam 30 tane
senaryo tlretilmistir. Her bir senaryonun maliyeti, salinan karbondioksit emisyonlar1 ve
yakit tiikketimleri ile ilgili sonuglar sunulmustur. Son olarak da, bu sonuglar analiz edilmis

ve bir degerlendirmesi sunulmustur.
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1. INTRODUCTION

The need for energy is increasing each day with rapid population growth,
globalization, industrialization and improved living standards because it is invaluable not
only for the individuals but also for institutions and governments. Efficiently utilizing
energy resources and managing the energy use provide a significant advantage to the
nations. For this reason, governments must analyze and better understand their energy

sector and be able to predict how the energy sector will evolve in the future.

On the other hand, energy production and consumption have great effects on the
environment and public health. One of the most adverse effects of energy production and
consumption is greenhouse gases, which account for about 80% of the total global
emissions. It should be mentioned that electricity sector is the largest such emitting sector.
This is one of the main reasons of focusing on the electricity generation sector and its

impacts in this thesis.

The most important effect of greenhouse gas emissions is the global warming and
climate change induced by the reduced reflection of sun’s rays (as the name “greenhouse”
implies). Even a few degrees increase in average global temperatures has the potential to
create havoc through changes in droughts, extreme and frequent storms, increasing sea

levels.

With the increasing demand for energy, policies for reliable, sufficient and
economic energy supplies and CO, emission reductions become essential for all nations.
With these issues in mind, the European Union (EU) proposed a package about climate
change and energy on January 2007 that aimed to provide security of supply,
competitiveness and environmental sustainability. One of the targets in this package
(which is known as “20-20-20” package) was reducing EU Greenhouse Gas (GHG)
emissions by 20%, compared to the year 1990 levels, by 2020 [1]. Furthermore, there is an
important agreement, the Kyoto Protocol, that is linked to the United Nations Framework



Convention on Climate Change (UNFCCC), and which was adopted in December 1997 at
Kyoto, Japan and came into force in February 2005. The Kyoto Protocol aims to reduce
and mitigate global warming through major global reductions in GHG emissions. The
Annex-I countries of the UNFCCC are obliged to reduce their GHG emissions by specific
percentages within a specific timeframe. Turkey became a party to the Kyoto Protocol on
August 2009. She is not listed in the Annex-B countries and not obliged to commit herself
to a specific GHG emission target [2]. However, as a signatory party of the Kyoto
Protocol, she has taken responsibility and intends to combat climate change. For instance,
the number of wind projects in Turkey is fast increasing through new incentives about
feed-in tariff for renewable energy resources. Also Turkey generates 20% of its electricity
by utilizing renewable energy resources, and desires to increase this rate up to 30% by
2023. Based on this, some of the alternative scenarios, generated in this thesis study, focus
on reducing overall CO, emissions 20% and 40% below the current CO, emissions level.
These scenarios are helpful to policy makers and planners in establishing new energy

policies.

Since Turkey is a fast developing country with growing economy and energy
demands, while having few indigenous energy resources, she has to be very cautious about

her future energy supply and demand, and security of energy.

There are large coal reserves in Turkey, accordingly a large part of the energy
demand is supplied by coal, which is also heavily utilized to generate electricity. However,
most of indigenous coal reserves are low energy and high pollutant content type; thus a
large share of Turkey’s coal consumption also depends on imports. Additionally, a large
share of Turkey’s energy demand is satisfied by natural gas which is imported from other
countries. On the other hand, lately, incentives and support for renewable technologies
have been increasing, leading to new investment and capacity in these technologies. In this
regard, there are new regulations about these technologies to make them more competitive
in the energy sector. Especially wind energy is encouraged since Turkey has a large
potential in wind energy. In addition to this, Turkey aims to utilize more geothermal and
solar energy resources in order to use its great potentials. Moreover, Turkey is planning to

generate electricity from nuclear power plants to satisfy its growing energy demand.



This study features a “bottom-up”, long-term energy supply and demand balance
modeling and analysis of the Turkish energy sector with special detailed analysis of the
electricity generation sector. For this purpose, the “MARKAL” modeling environment
(which is described and discussed in the second section and the MARKAL-TURKEY
model developed in earlier studies [3-5] are deployed. The main contributions of the
current study are, (i) the detailed and expanded remodeling of the electricity sector within
the overall MARKAL-TURKEY model, (ii) extensive additional data collection and
compilation regarding the electricity generation sector, (iii) extensive new scenario
analysis focusing the electricity generation sector. CO, emission reduction policies, CCS
technologies and nuclear power generation are key issues addressed in the scenario

analysis conducted.

In the second chapter of this thesis study, a brief information about MARKAL
modeling framework is provided. In the third chapter, a literature survey on energy
modeling systems and the electricity sector is presented. Additionally, some global and
local statistics on CO, emissions and the energy sector are presented. In the fourth chapter,
a detailed MARKAL model of Turkish electricity sector is represented together with its
underlying assumptions. In the fifth chapter, the developed scenarios (both base and
alternative scenarios) are given and their results are analyzed. Finally, in the sixth chapter,
all conclusions and implications of this study are summarized with closing remarks. In

addition to this, recommendations for future research are presented.



2. THE MARKAL MODELLING FRAMEWORK FOR ENERGY
SYSTEMS

In this chapter, some explanatory information about the MARKAL energy

modeling system is provided.

2.1. The MARKAL Energy Modeling System

In the literature, there are many kinds of energy models according to the
representation of commodities and technologies. The two main approaches of energy
modeling systems are “Top-Down” and “Bottom-Up” models. Usually, the term “top”
stands for aggregate and “Top-Down” models concentrate on entire market and economy.
In contrast, “bottom” stands for disaggregate and “Bottom-Up” models feature
disaggregated analysis that describes energy-using technologies and sectors in a detailed
way [6]. These models are usually helpful to policy makers about determining least-cost
mix of technologies and estimating the potential of a technology [7]. One of the bottom-up
energy modeling environments is the MARKAL energy modeling system which is a

technology explicit system.

MARKAL (an acronym for MARKet ALlocation) is a dynamic, linear optimization
based energy modeling system which is suitable for deployment at national, regional, state,
province, or community level. It is developed by the International Energy Agency’s (IEA)
Energy Technology Systems Analysis Program (ETSAP). At present, the MARKAL
modeling system is used in 37 countries to make long range supply, demand and
investment plans in energy sectors, to estimate greenhouse gas emissions, to generate and
evaluate strategic or tactical level scenarios and in general to help the top level decision
making processes [8]. Developed MARKAL models are inputted, solved and reported
through the “ANSWER” interface and through the mathematical modeling software
GAMS during this process.



MARKAL is a bottom-up modeling energy system that balances supply and
demand of energy sector. The MARKAL system enables and supports the users in the
development of specific optimization models geared at supplying energy services at
minimum cost, while meeting all energy demands, with an aim to optimize investments
over the planning horizon. MARKAL models target to balance primary resources and

secondary fuels, final energy, energy services at all levels [9].

It is possible to determine the key role and economic analysis of technologies by a
MARKAL model. Impacts of taxes and subsidies on energy production and energy
consumption can also be assessed [10]. As such, MARKAL models are very helpful to
policy makers and planners especially in the planning of national and local energy systems

and the long term development of the energy sector a country [11].

On the other hand, the MARKAL system and the model developed require an
extensive database that contains qualitative, quantitative data, and technology-rich options.
The qualitative data is regarding types of energy carriers, environmental emissions, and
appropriate technologies over a specified time horizon. And quantitative data is the many
associated technologic and economic parameters, assumptions for each technology, region

and time period [12].

This modeling system contains energy carriers with primary supplies (e.g., mining,
petroleum extraction, etc.), conversion and process technologies (e.g., power plants,
refineries, etc.), and end-use demand for energy services (e.g., boilers, automobiles,
residential space conditioning, etc.). There are some sub-sectors that represent specific
demand for energy services such as agricultural sector, industrial sector, transportation
sector and commercial sector. Accordingly, a typical MARKAL model includes energy

demand, energy sources, sinks, technologies and commodities [9].

In the MARKAL system, each time period is generally 5-10 years. The user can
define the number of periods and time horizon. Besides, there are diurnal divisions (usually

2 - day, night) and seasons (3 or 4 such as winter, summer, and intermediate) [9].



The MARKAL system focuses on the basic elements of Reference Energy System
(RES) which is an interconnected network that depicts all energy producing, transforming,
consuming processes, in other words it shows the summarization of various entities. In a
typical MARKAL RES, commodities like energy carriers are shown by links (arcs) and

technologies are shown by nodes.
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Figure 2.1. Partial view of a simple Reference Energy System [9].

2.2. Mathematical Formulation of the MARKAL Model

In this part, the simplified mathematical formulation of a MARKAL model is
expressed by referring to Loulou et. al.'s "The documentation for the MARKAL family of
model™ [9]. There are three important parts in the underlying optimization problem:

e Objective function
e Decision variables

e Constraints



There are also some important indexes that are used by model variables and

equations:

“r” and “r  indicate region (omitted when a single region is modeled), “t” is time
period, “k” is technology, “s” is time-slice, “C” is commodity (energy or material) and “I”
is price level (used only for multiple sources of the same commaodity distinguished only by

their unit cost).
2.2.1. Decision Variables

The decision variables, which are unknown and have a domain, are determined by

the results of the optimization model. These are explained below:

INV (t,k): New capacity addition for technology k, in period t. Units change
according to the technologies. Electricity conversion technologies usually use GW
(1GW=31.536 PJ/year) as capacity unit. An investment is assumed to be available during
its lifetime and new investments made in period t are assumed to be available at the

beginning of that period.

CAP (t,k): Installed capacity of technology k, in period t. Typical units are the same

as for investments.

ACT (t,k,s): Activity level of technology k, in period t, during time-slice s. The unit
is PJ per year for all energy technologies. Since, there is an assumption that the activity
level is equal to the available capacity for end-use technologies, ACT variables are not

defined for these technologies.

MINING (t,c,l): Quantity of commodity ¢ (PJ per year) extracted at price level | in
period t. The unit cost of extracting the commaodity, which is provided by the user, is the
coefficient in the objective function. These commaodities are domestic production resources

such as coal, petroleum, biomass and municipal solid waste.



IMPORT (t,c,l), EXPORT (t,c,I): Quantity of commodity c, (PJ per year)
exogenously imported or exported in period t, at price level I. The exported and imported
quantities are not automatically balanced by the model. The unit price of importing or
exporting the commodity, which is to be provided by the user, is the coefficient of the
import or export variable in the objective function.

TRADE (t,c,s,imp) and TRADE (t,c,s,exp): Quantitiy of commodity ¢ ( PJ per year)

sold (exp) or purchased (imp) in period t, for time slice s (for electricity) .
D (t,d): Demand for end-use d, in period t.
ENV (t,p): Emission of pollutant p in period t.
2.2.2. The Objective Function
The objective of a MARKAL model is to minimize the total system cost, which is

discounted over the planning horizon. Therefore, the discounted present value of annual

costs is needed for the objective function.

t=NPER

NPV = Z (1+d)NYRSU-D) -ANNCOST(t)-(
t=1

1+(1+d)"+(1+d)-2> 2.1)

+,,,+(1+d)1—NYRS

where NPV is the net present value of the total costs for all regions, d is the general
annual discount rate, NPER is the number of periods in the planning horizon, NYRS is the
number of years in each period t, ANNCOST (t) is the annual cost for period t whose

formulation is expressed below :



( Annualizedyyycosieio *INV(r,1,k) )
+Fixom(t,k)*CAP(t,k)
ANNCOST(t) = z { +Varom(t,k)*z ACT(tk,s) >
k S
L+ z [Delivcost(t,k, c)*Input(t,k,c)* Z ACT(tk, c)] )
C S

Miningcost(t,c,)*Mining(t,c,1)
I
+ z +Tradecost(t,c)*TRADE (t, c,S, 2)
C.S

+Importprice(t,c,])*Import(t,c,I)
-Exportprice(t,c,])* Export(t,c,])

+Z (Tax(t,p) *ENV(1,p)}

+ Zd{DemandLoss( t,d)} (2.2)

where Fixom (k,t) and Varom(k,t) are the unit fixed and variable operational
maintenance costs of technology k in period t; Delivcost (k,t,c) is delivery cost per unit of
commodity ¢ to technology k in period t; Input (t,k,c) is the amount of commodity c
required to operate one unit of technology k, in period t; Miningcost (t,c,I) is the unit cost
of mining commaodity c, at price level |, in period t; Tradecost (t,c) is the unit transport and
transaction cost for commodity ¢ exported or imported in period t; Importprice (t,c,l) is the
import price of commodity c in period t; Exportprice (t,c,I) is the export price of
commodity c in period t; Tax(t,p) is the tax on unit of emission p in period t; DemandLoss
(t,d) is the representation of welfare loss (in non-reference scenarios) incurred by

consumers when a service demand d in period t is less than its value in the reference case.

ANNUALIZED_INVCOST=INVCOST /YHFE(1 + h)~/ (2.3)

where INVCOST is the lumpsum unit investment cost of a technology,
ANNUALIZED_INVCOST is the annualized equivalent of INVCOST, LIFE is the economic
lifetime of a technology (the number of years that a technology is available from the year
of initial installations), h is the technology-specific discount rate (also called hurdle rate).
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The total annual cost ANNCOST(t) is the sum over all technologies k, all demand
segments d, all pollutants p, and all input fuels f, of the various costs like annualized
investments, annual operating costs such as fixed and variable costs, fuel delivery costs,
extracted and imported energy carriers’ cost, minus revenue from exported energy carriers,

plus taxes on emissions, plus cost of demand losses.

2.2.3. Constraints

2.2.3.1. Satisfaction of Demands. These constraints require that for each time period t,

demand d, the total activity of end-use technologies servicing that demand must be at least

equal to the specified demand.

CAP(t,k)>D(t,d)

all end-use technologies k

such that, k supplies service d (2.4)

2.2.3.2. Capacity Transfer.

CAP(1K) =Z Z INV((.K)+RESID(L.K)

t all periods t'

such that t-t'<LIFE(k) (2.5)

where RESID (t,k) is the capacity of technology k due to investments made prior to
the initial model period and still exists at time t. Capactiy transfer constraints ensure that
for each technology k, period t, the available capacity in period t is equal to the sum of
investments made by the model in the past and current periods. When computing the
available capacity in some time period, the model takes into account the capacity resulting
from all investments up to that period, some of which may have been made prior to the initial

period but are still in operating condition (embodied by the residual capacity of the
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technology), and others that have been decided by the model at, or after, the initial period, but

prior to the period in question.

2.2.3.3. Use of Capacity. The activity level of the technology may not exceed its available

capacity, as specified by a user defined availability factor for each technology k, period t,

and time slice s.

ACT (t,k,s )<AF (t,k,s)-CAPUNIT-CAP (t,k) (2.6)

where AF (t,k,s) is the fraction of time that the capacity is available to operate for
each technology k, period t and time slice s; CAPUNIT factor allows for capacity units to
be converted into electricity production units.

Since an activity variable for end-use technologies is not defined, this constraint is

not expressed for end-use technologies.

2.2.3.4. Energy Balance. According to this group of constraints, the disposition of each

commodity ¢ may not exceed its supply for time period t (and time-slice s in the case of

electricity and low-temperature heat).

2 Output(tl.c) ACT (4 k.5)+ Z MINING(t.c,])
k 7 -
l+ Z FR(s)-IMP(t,c, )+XCVT(c,i) TRADE(t,c,s, i)J
1

[XCVT(C, 0)-TRADE(t,c,s,e)+ Y FR(s)-EXP(t,c,])

+ Y Input(t,k,c)-ACT(t,k,c,s) (2.7)

where, Input (t,k,c) is the amount of commodity ¢ required to operate one unit of
technology Kk, for period t, Output (t,k,c) is the amount of commodity ¢ produced per unit
of technology k, for period t, FR(S) is the fraction of the year covered by time-slice s,
XCVT (c,i) and XCVT (c,0) are transaction or transport costs of importing or exporting one

unit of commaodity c.
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2.2.3.5. Emission Constraint or Emission Tax. According to this group of constraints, for

each time period t, the total emission of pollutant p should not be greater than a user-

selected upper bound, if such a bound is provided. It is optional to use these constraints.

[ Eminv(t,p,k) *INV(t,k) 1
+Emcap(tk,p) *CAP(t,k) |

all technologies k[ k—i_EmaCt(t’ k:p) *Z ACT(t,k:S)) J

ENV(tp) <ENV Limit(tp) (2.8)

ENV(t,p)=

where Eminv, Emcap, Emact are emission coefficients for pollutant p linked
respectively to the construction, the capacity, and the operation of a technology;
ENV_LIMIT (t,p) is the upper limit set by the user on the total emission of pollutant p in
period t.

Moreover, it possible to specify an emission tax Etax(t,p) rather than an emission
limit. When an emission tax is applied, the quantity ENV(t,p)*Etax(t,p) is added to the

ANNCOST expression to penalize emissions at a constant rate.

2.2.3.6. Electricity Baseload Constraints. Electricity generating technologies that are

labeled as baseload must produce the same amount of electricity at night as in the day in
any period t. However, their production may change from season to season. This group of
constraints provide that only a maximum percentage of the total night-time demand for

electricity is met by such plants.

{Input(t, ¢,k) *Baseload(t,c) *A CT(t,k, 'N,)}z

all technologies k consuming
electricity ¢ at night of

Output(t,k,c) *ACT(tk,'N'
{Output(t,k,c) *ACT(1,k,'N)} 2.9)

all baseload technologies k
producing electricity c at night of
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where Baseload (t,c) is the maximum share of the night demand for electricity ¢ in

period t.

Nuclear power plants and solid fuel plants are included in the baseload set and

those technologies’ operation must not fluctuate from day to night.

2.2.3.7. Electricity and Heat Energy Peak Reserve Constraints.

According to this constraint set, there must be sufficient installed capacity to meet
the required capacity in the season with the largest electricity or (heat) commodity c
(energy or material) demanded by a safety factor E (called peak reserve factor), for each

time period t.

CAPUNIT*Peak(r,t,k,c) *FR(s) *CAP(r,t,k) +XCVT(c,i)

all technologies k

*TRADE(rt,c,s,i) +FR(s) *IMPORT(r,t,c)
>[1+ERESERVE(r£.0)]*[ Z INPUT(r1.k.c) *FR(5) *ACT(r..k.5)

all technologies k

+XCVT(c,0)*TRADE(r,t,c,s,e)+FR(s) *EXPORT(r,t,c)] (2.10)

where ERESERVE (r,t,c) is the region specific reserve coefficient and r is region.

ERESERVE is chosen to ensure against possible electricity shortfalls due to
uncertainties regarding electricity supply that may decrease capacity in an unpredictable
way (for instance, unexpected down time of equipment, peak demand, and uncertain hydro,
solar, or wind power availability). However, it should be mentioned that the MARKAL-

Turkey is a single-region model.

Peak(r,t,k,c) specifies the fraction of technology k’s capacity in a region r for a
period t and commodity c (electricity or heat only) that is allowed to contribute to the peak
load. The electricity peaking constraint assures that there is enough capacity in place to

meet the electricity demand during the day of the season with the highest demand.
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Figure 2.2. Baseload, reserve capacity and peak [9].

Moreover, it is possible to add user-defined constraints to the model.

2.3. The MARKAL-Turkey Model

The MARKAL regional and national models generated by the MARKAL system
are some of the most widely used energy models. Policy makers and planners use the
MARKAL modeling system to prepare a detailed and comprehensive model and integrated
scenarios that contribute to their analyses. They benefit from the resulting modeling study
to recognize the interaction between technologies and fuels and achieve environmental and
energy goals [13]. There also exist various MARKAL models for TURKEY that permit
compilation of long term energy scenarios and environmental analyses [14].

The MARKAL-Turkey model, which is used in this study, is one such detailed
model of the Turkish energy sector that aims to balance supply and demand of national
energy needs at minimum cost. It is developed at Bogazig¢i University, associated with a
project and as the subject of a series of graduate thesis. For instance, Cirit [4] has studied
on the developed MARKAL-Turkey model sector in his thesis study and evaluated the
CO2 emissions while concentrating on the transportation. Alemdar [5] has proposed a
thesis study on the MARKAL-Turkey model with special emphasis to industrial sector.
Apart from them, there is also a study, carried out by Karali [3], about energy modeling
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systems. She has proposed a new bottom-up, large scale energy modeling framework
which is a straight forward, flexible, general purpose and optimization modeling. She has
also conducted a scenario analysis with the aim of analyzing the effects of alternative
approaches on energy dynamics.

In this thesis study, the electricity generation sector of the MARKAL-Turkey model
is revised and expanded. For instance, many electricity generation technologies are
subdivided and regrouped according to the technological characteristics, and of course,
their expanded data requirements are satisfied through extensive additional data

compilation.

Figure 2.3, shows the simplified Reference Energy system (RES) of the MARKAL
Turkey model. As it is showed in this figure, the MARKAL — Turkey model includes six
main parts: Primary Energy Resources, Conversion Technologies, Energy Carriers,
Production Technologies, End-Use Technologies and Demand Sectors. Primary energy
sources, which are the starting point of the energy system, are used in conversion
technologies such as refineries and power plants, like coal fired combined cycle power
plants. These conversion technologies produce energy carriers like electricity and heat.
The energy carriers are then consumed in production and end-use technologies such as,
space heating, transport vehicles, cooking equipment. These end-use technologies are also
called demand technologies and they produce useful energy to satisfy energy demand of
demand sectors. Agricultural, industrial, residential, services and transport sectors are the

main end-use demand categories in the MARKAL Turkey model.



16

Primary Conversion
Resources Technologies

Demand Final Demand Sectors
Technologies

Industry
1. IronESteel

Chemical

Combustion/CHP High Temperature Heaters ] Paper&Pulp

. Glass

Low temperature Heaters . Cement
MNon-Ferrous Metal
Other industry

IGCC/CHP

Paly-Generation Motor Technologies

Liquefaction .
Space Heaters . Accomodation
. Education
Air Conditioners - Health Care

. GrossSale

Coal Wash & Coke

Heat Plants Retail Sale

Cooking Oven . Cooking
Space Heating&Cooling
. Water HeatingECooling
WaterHeatiers Lighting

10, OtherSenvice

Gil Refining

1=
o

Fuel Czll Power/CHP

Bi Lighting Appliances
lomass Hydrogen Production smater
Besi +
Office Appliances . Cooking
. Space
Heating&Coaliing
Residential Appliances . Water
Heating&Cooling
Refrigration
Lighting
Other

Geothermal Ethanol Production

Gasifier/Digester

Hydro

Nuclear Power Road Vehicles

Geothermal Power Rail Transpart Technologies

Transport
1. FRoad Transportion:
Vehicle, Bus, Truck
Air Transportation
Marine Transportation:
Passenger, Freight
Rail Transportation:
Passenger, Freight

Hydro Power . .
Marine Transport Technologies

SolarPower

x ] om

e.e@@e.e EE
Z -

; 7%

2
3.

Air Transport Technologies
Wind Power

Figure 2.3. A simplified representation of MARKAL-Turkey model components [5].



17

3. LITERATURE SURVEY

This chapter contains a literature survey and important statistics about CO,
emissions and the energy sector, while giving special emphasis to the electricity sector for

both the World in general and Turkey in particular.

3.1. Research in Energy Modeling Systems and Electricity Generation

Suganthi and Samuel [15] study and present various models for energy demand
forecasting. The existing state of energy resources and managing these resources
efficiently provide a competitive advantage to the nations. In order to manage energy
resource effectively and supply the energy needs, an integrated energy demand
management approach is indispensable. Therefore, this study focuses on energy demand
forecasting models, featuring the review of various energy demand forecasting models.
These models are categorized into 12 classes: Time series models, regression models,
econometric models, decomposition models, cointegration models, Auto-Regressive
Integrated Moving Average (ARIMA) models, artificial systems, grey prediction models,
input-output models, fuzzy logic-genetic algorithm models, integrated models and bottom-
up models. This review study demonstrates that macro-economic energy modeling has

great importance for every nation to accurately predict energy demand.

There are various studies about energy models. Smekens and Morales [16] uses a
MARKAL modeling system to generate scenarios while taking into account the Energy
Modeling Forum (EMF) assumptions. Their MARKAL model covers the 1990-2100
period at 10 years interval and features more than 850 technologies. Various Western
European countries are stated as the study region of the model. The scenarios consist of
carbon emission reduction targets. There are 8 scenarios which differ from each other
according to carbon emission reduction targets and carbon taxes. The results indicate that
the carbon emission targets can be achieved by changing the future technology mix and

giving more weight to renewable energy technologies and CCS technologies.
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Kumbaroglu et al. [17] proposes a model for the diffusion prospects of new
renewable energy technologies. They focus on the integration of learning curves for
renewable energy technologies into a dynamic programming model. The proposed model
is applied to the real data for the Turkish electricity supply industry. Furthermore, they
generate an empirical analysis by developing different scenarios. Results of this study
show the importance of technological learning and policies that support renewable power

generation.

Schulz et al. [18] propose a cost-optimization model for the Swiss energy sector by
using a SWISS-MARKAL model. The desire of the Swiss State to encourage usage of
renewable energy resources, especially biomass-based energy carriers (which are
candidates for taking the place of fossil fuels) is specially reflected in this model. This
study puts emphasis on wood-based energy technologies in Switzerland. It is conducted to
assess the development and effects of wood methanation plants which produce synthetic
natural gas (bio-SNG). Scenario analyses are related to oil price increases and subsidies to
the methanation plants. The results of the scenarios show that bio-SNG is of great

importance for the transport sector rather than the residential sector.

Aboumahboub et al. [19] formulate a multi-regional electricity system investment
and production optimization model, which is based on linear programming by using the
General Algebraic Modeling System (GAMS). This electricity system optimization model
represents interconnected electricity supply system, while considering technical restrictions
of power plants on, technology level, temporal fluctuations and geographical dependencies
of renewable energy sources, and exogenously imposed boundary conditions. The model,
which is a representation of the German electricity system, includes 50 regions and these
regions are determined according to the geographic distribution of electricity demand and
renewable supply, and also political borders. The factors that affect CO, emissions of the
electricity generation, such as fuel prices and renewable energy consumption, etc. are also
analyzed. The results of sensitivity analyses show that the share of wind and solar energy is
increasing to reduce CO, emissions. Also it is claimed that wind energy is a powerful
energy resource to achieve emission reduction targets. One of the conclusions of this study
is that the structure of electricity system and fuel price relationships affect the CO;

emissions abatement.
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Mondal et al. [20] use the MARKAL Bangladesh model to evaluate the long-term
impacts of CO, emission reduction and carbon tax applications in Bangladesh. While more
than half of the population is deprived of electricity at present, the state aims to satisfy the
electricity demand of the whole country by 2020. The base, 10% emission reduction, 20%
emission reduction, carbon tax of 1500 taka/ton and 2500 taka/ton scenarios are
investigated. The planning horizon of these scenarios is from 2005 to 2035. The results
show that total electricity generation capacity should be increased from 5.56 Giga-Watt
(GW) in 2005 to 53.82 GW in 2035. The primary fuel consumed to generate electricity is
coal which is the major source of CO, emissions. Besides, emission reduction restrictions
have great influence on the preference of energy resource. The model selects clean and
renewable technologies. Especially, the solar PV (photovoltaic) technology is the most
attractive one, since its costs are assumed to be relatively cheaper in Bangladesh then those

in the developed countries.

Broek et al. [21] conduct a study about the usage and role of Carbon Capture and
Storage (CCS) technologies. The MARKAL model for Netherland is used to generate
scenarios about energy planning and strategies. By generating CO, emission reduction
scenarios, the role of CCS technologies in the electricity sector is analyzed and fuel types
are investigated. Especially the changes in the electricity generation sector are tracked. The
planning horizon is from 2000 to 2050, at 5-year time intervals and the costs are
discounted back to the year 2000 with 5% discount rate. In the scenarios 15% and 50%
emission reduction targets are investigated. This paper develops two strategies. The first
one is DirectAction, in which 15% of CO, emissions are reduced from 2010 onwards. The
second one is PostponedAction in which 50% of CO, emissions are reduced from 2020
onwards. According to the results of this study, installation of CCS technologies is
reasonable if cogeneration and onshore wind energy technologies are limited and also
nuclear power generation is not allowed. In the direct action strategy, the marginal cost of
CO; is 50 €/t in 2015 and decreases to 25€/t in 2050. But, in the postponement strategy, it
is 30 €/t in 2020. However, cumulative CO;, emissions over the planning horizon are higher
in the postponement strategy than in the direct strategy. As a result, the installation of new
coal-fired plants with CCS should be postponed to 2020, since this way is more cost
effective than the others.
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Tung et al. [22] evaluate Turkey’s energy resources, installed electric power
capacity, electric energy production and consumption rate. In this study, which covers the
1990 to 2001 period, the installed electricity generation capacity and the production and
consumption of petroleum, dry gas and coal in Turkey are given. Also, these are compared
with France, Germany and Switzerland. It is worth mentioning that Germany is the largest
electricity market in Europe with 544.8 Billion Kilowatt Hours (BkWh) generated
electricity in 2001. A linear mathematical optimization model that anticipates the
distribution of future electrical supply investments while minimizing total energy
production cost in Turkey is proposed. The proposed model has only four variables (X;:
fossil oil, diesel and coal, X,: natural gas, Xs: nuclear and X,: hydro and renewable energy.
According to the results of the model, the total cost with nuclear power energy generation
is 6,888,000,000$ to produce 222,000 Giga-Watt Hours (GWh) electricity for the year
2010. However, if nuclear power energy is not allowed, the total cost increases to
7,006,300,000% at the same year.

3.2 Some Key Global and Local Energy Statistics

3.2.1. Energy Outlook in the World

Energy demand and consumption are continuously increasing as a direct result of
high population growth, globalization, industrialization and economic development.
Therefore, energy problem comes into prominence and the strategic importance of energy

sector for national policies becomes significant.

Energy can be found in many forms in nature; it is then transformed into preferred
forms according to consumers’ needs. Primary energy carriers are found in natural
resources and are not exposed to any transformations or conversions [23]. However, a
secondary energy form is obtained from primary energy sources by transformation or

conversion processes [24].

Consumers need useful energy which is an energy form that final consumers use it
to satisfy their requirements. The demand for useful energy is categorized into different

sectors such as industrial, transportation, residential, commercial, and agricultural. For
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instance, households need energy to satisfy certain personal needs; industries need energy
for production; transportation sector needs energy for air, water, rail and road transport;
residential and commercial sectors need energy for heating, electrical appliances including
lighting, etc. The amount of useful energy consumed by sectors varies according to the

degree of countries’ economic development and industrialization [24].
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Figure 3.1. World primary energy consumption [25].

In this section, some key statistics about the energy profile in the World and Turkey
are presented. When energy consumption is examined, it is seen that, until the 2000s, the
primary energy consumption in Organization for Economic Co-operation and
Development (OECD) countries was greater than the non-OECD countries. However, after
2000s, this case is reversed. Since economic growth and expanding population are directly
related to the energy demand, the influences of global recession of 2008-2009 on energy
demand can be easily observed. Today, the recovery from the global recession, still
continues. The OECD member countries generally have more advanced economies and
their recovery is slower than past recessions. On the other hand, the energy demand growth
of the non-OECD countries has remained high during global recession. Besides, it’s worth
mentioning that China and India (that are the major non-OECD countries in Asia Pacific)

have highly increasing energy use with their economic growth. [26].
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Table 3.1. World primary energy consumptions by regions (Million Tons of Oil Equivalent
(Mtoe)) [25].

Regions 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 20115?;” of
Turkey 73 | 78 | 83 | 86 | 96 | 103 | 103 | 103 | 109 | 119 1.0%
TOtaéuEr‘;g‘i’EE& 2,849(2,913| 2,958 | 2,969 | 3,009 | 3,003 | 3,007 | 2,831 | 2,939 | 2,923 23.8%
Total Middle East | 465 | 486 | 523 | 562 | 587 | 612 | 652 | 671 | 716 | 748 6.1%
Total Africa 288 | 302 | 321 | 327 | 331 | 350 | 368 | 366 | 382 | 385 3.1%
China 1,106|1,277| 1,512 | 1,659 | 1,832 | 1,051 | 2,042 | 2,210 | 2,403 | 2,613 21.3%
India 309 | 317 | 346 | 364 | 382 | 416 | 446 | 488 | 521 | 559 4.6%
Total Asia Pacific | 2,800|3,014] 3.328 | 3,535 | 3,755 | 3,947 | 4,060 | 4,254 | 4,558 | 4.803 39.1%
Total World 9,614|9,950(10,450|10,754]11,048] 11,348 |11,493[ 11,301 (11,978 12,275|  100.0%
OECD 5448|5507 | 5,622 | 5,669 | 5,674 | 5,718 | 5,661 | 5,389 | 5,572 | 5528 45.0%
Non-OECD 4,165|4,443| 4,828 | 5,086 | 5,375 | 5,629 | 5,832 | 6,003 | 6,405 | 6.747 55.0%

6% 2% = Oil

m Natural gas

= Coal

® Nuclear energy
30% m Hydro electricity

= Renewables

24%

Totally 12,274.6 Mtoe

Figure 3.2. World primary energy consumption by fuel types in 2011 [25].

Figure 3.2 shows the fuel share of total primary energy consumption. As it is shown
in the figure, as of 2011, oil is the leading fuel with 33% and it is followed by coal which
has 30% share.
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Figure 3.3. Total primary energy supply in the World [27].

Total global primary energy supply from 1971 to 2009 can be seen from Figure 3.3.
As it can be inferred from Figure 3.1 and 3.3, the total supply is increasing as the primary

energy consumption increases.
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Figure 3.4. Fuel shares of total final energy consumption in the World in 1973 [27].
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Figure 3.5. Fuel shares of total final energy consumption in the World in 2009 [27].

Figure 3.4 and 3.5 show the global final energy consumption profile. When final

energy consumption in 1973 is compared with 2009, it is seen that total energy

consumption has increased by 78%. Besides, oil has the largest share in the final energy

consumption from 1973 to 20009.

Table 3.2. A comparison of socio-economic, energy and carbon data for OECD countries

and the World in 2008 [28].

INDICATORS OECD COUNTRIES [WORLD
Gross Domestic Product (GDP) (billion 1000 US$) 61,008 80,964
SOCIO-ECONOMIC [Population (million people) 1,190 6,688
Per Capita GDP (thousand 1000 US$/person) 51.26 12.10
Total Primary Energy Supply (MTOE) 5,422 12,267
Total Electricity Consumption (billion kwWh) 10,097 18,603
ENERGY Per Capita Primary Energy Supply (TOE/person) 4.56 1.83
Per Capita Electricity Consumption (kWh/person) 8,486 2,782
Eréesr)gy Intensity of Economy (TOE/thousand 1000 0.09 0.15
Total CO, Emissions (Million Tons of CO, (Mt CO,)) 12,630 29,381
Per Capita CO, Emissions (ton of CO,/person) 10.61 4.39
CARBON Carbon Intensity of Economy (ton of CO,/thousand 021 0.37
1000 US$)
Carbon Intensity of Energy Supply (ton of CO,/TOE) 2.33 2.40




3.2.2. Energy Outlook in Turkey
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This section gives information about Turkey’s energy usage profile. As it is

displayed in Table 3.3, the total primary energy supply has increased by 85.9% from 1990

to 2008 and GDP has increased by 170.8%.

One of the indicators of energy efficiency is energy intensity which is energy use

per GDP. As can be inferred from Table 3.3, Turkey’s energy intensity of economy has

decreased by about 15%.

Table 3.3. A Comparison of Turkey's socio-economic, energy and carbon indicators for

1990-2008 [28].

1990-2008
INDICATORS 1990 2008 (% Change)
GDP (PPP) (billion 1000 US$) 613.8 1662.32 170.82
SOCIO- . .
ECONOMIC Population (million people) 56.20 71.08 26.48
Per Capita GDP (PPP) (1000 US$/person) 10,932.00 23,386 113.92
Total Primary Energy Supply (MTOE) 53 98.50 85.85
Total Electricity Generation (billion kwh) 57.50 198.40 245.04
Per Capita Primary Energy Supply (TOE/person) 0.94 1.39 47.87
ENERGY
Per Capita Electricity Generation (kWh/person) 1,020 2,791 173.63
Per Capita Electricity Consumption (kWh/person) 1,024 2,400 134.38
Energy Intensity of Economy (TOE/thousand i
1000 US$-PPP) 0.09 0.06 29.41
Total Greenhouse Gas Emissions(Mton CO,e) 187.03 366.50 95.96
Total CO, Emissions(Mton CO,) 126.70 270.86 113.78
Greenhouse Gas Emissions from Electricity
Production (Mton CO,e) 3044 101.79 334.40
CARBON Total Sinks (Mton CO,e) 44.87 80.58 79.59
Per Capita Greehouse Gas Emissions (ton 333 516 54.94
CO,e/person)
Carbon Intensity of Economy (ton CO2e/1000
US$-PPP) 0.31 0.22 -27.87
Carbon Intensity of Energy Supply (ton 239 575 15.06

CO,e/TOE)




Table 3.4. Primary Energy Resource Production [29].

Hard A . . Natural Hydro And Geothermal . Animal .

Years Coal Lignite Asphaltite Qil Gas Geothe.rr.nal Heat Wind Solar Wood And Biofuel Total

(kt) (kt) (kt) (kt) (10° MP) Electricity (KToe) (Gwh) (KToe) (kt) Plant (kt) (KToe)
(Gwh) Waste(kt)

2000 2,392 60,854 22 2,749 639 30,955 648 21 262 16,938 5,981 26,047
2001 2,494 59,572 31 2,551 312 24,100 687 33 287 16,263 5,790 24,576

2002 2,319 51,660 5 2,442 378 33,789 730 62 318 15,614 5,609 24,282
2003 2,059 46,168 336 2,375 561 35,419 784 48 350 14,991 5,439 23,783

2004 1,946 43,709 722 2,276 708 46,177 811 61 375 14,393 5,278 24,332
2005 2,170 57,708 888 2,281 897 39,655 926 58 385 13,819 5,127 24,549
2006 2,319 61,484 452 2,176 907 44,338 898 127 403 13,411 4,984 2 26,580
2007 2,462 72,121 782 2,134 893 36,007 914 355 420 12,932 4,850 14 27,455
2008 2,601 76,171 630 2,160 1,017 33,432 1,011 847 420 12,264 4,883 20 29,209
2009 2,863 75,577 1,058 2,237 685 36,395 1,250 1,495 429 11,766 4,862 10 30,328

Table 3.5. Primary Energy Resource Consumption [29].
Animal
Natural Hydro And - -

Years 'é‘?);? Lignite | Asphaltite Oil Ga% Geothe_rr_nal Geo:'rg;mal Wind | Solar | Wood F’?I‘th Elli(;gcl)iltty Eléf(g(';'tty Biofuel | Total

(kt) (kt) (kt) (kt) (12 Electricity (KToe) (Gwh) | (KToe) (kt) Waste (GWh) (GWh) (kt) (KToe)
M) (Gwh) (k1)

2000 | 15,525 | 64,384 22 31,072 | 15,086 30,955 648 33 262 16,938 5,981 3,791 -437 80,500
2001 | 11,176 | 61,010 31 29,661 | 16,339 24,100 687 62 287 16,263 5,790 4,579 -433 75,402
2002 | 13,830 | 52,039 5 29,776 | 17,694 33,789 730 48 318 15,614 5,609 3,588 -435 78,331
2003 | 17,535 | 46,051 336 30,669 | 21,374 35,419 784 61 350 14,991 5,439 1,158 -588 83,826
2004 | 18,904 | 44,823 722 31,729 | 22,446 46,177 811 58 375 14,393 5,278 464 -1,144 87,818
2005 | 19,421 | 56,571 738 31,062 | 27,171 39,655 926 59 385 13,819 5,127 636 -1,798 91,074
2006 | 22,798 | 60,184 602 31,395 | 31,187 44,338 898 127 403 13,411 4,984 573 -2,236 2 99,642
2007 | 25,388 | 72,317 632 32,143 | 36,682 36,007 914 355 420 12,932 4,850 864 -2,422 12 107,627
2008 | 22,720 | 75,264 630 30,877 | 36,928 33,432 1,011 847 420 12,264 4,883 789 -1,122 20 106,421
2009 | 23,698 | 75,641 1,010 29,845 | 35,800 36,395 1,250 1,495 429 11,766 4,862 812 -1,546 10 106,138
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Primary energy resource consumption depends on primary energy resource
production. For this reason, Tables 3.4 and 3.5 are very similar to each other except for the
columns of hard coal, oil and natural gas. Since a large share of hard coal, oil and natural
gas is imported, there is a gap between the production and consumption amount of these
energy resources in Turkey.

Table 3.4 depicts that the production of geothermal, wind and solar energy in
Turkey is increasing each year. Moreover, there is a gradual increase in total primary
energy production from 2000 to 2009. Also, there is an increase in the level of total

primary energy supply from 1971 to 2009 as it can be seen fom Figure 3.6.

120

B0

Mioe

&0

40

20

1]
1971 1973 1875 1977 1978 1581 1883 1885 1987 1880 1991 19893 1995 1997 1999 2001 2003 2005 2007 2009
mCoalipeat ®Oil  mMatural gas Nuclear ®Hydro mBiofuels & waste @ Geothermalisolarfwind

Figure 3.6. Total primary energy supply in Turkey [30].

It should be mentioned that the energy consumption has doubled from the year
1990 (52,646 TOE) to the year 2009 (106,138 TOE) [29]. As an indicator of development
in a country, energy consumption per capita increases, which explains the increase in this
energy consumption from 1990 to 2009 in Turkey. In 2001, the industrial sector had the
largest share of final energy consumption. However, in 2009, the residential sector’s share
is more than the other sectors’ shares. In the residential sector, large share of energy
consumption stems from heating losses. Therefore, some precautions must be taken to

improve energy efficiency in the residential sector.
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Table 3.6. Energy Consumption by Sectors (Thousand Tons of Oil Equivalent

(KToe))[29].
Years | Residential | Industrial | Transportation | Agriculture elr:l:rng_y EJE?L;”;&% Co:;::etgs:on ;)Orgjﬁ]n;tzgx
2000 20,058 24,501 12,008 3,073 1,915 61,555 18,945 80,500
2001 18,122 21,324 12,000 2,964 1,638 56,048 19,354 75,402
2002 18,463 24,782 11,405 3,030 1,806 59,486 18,845 78,331
2003 19,634 27,777 12,395 3,086 2,098 64,990 18,836 83,826
2004 20,252 29,358 13,907 3,314 2,174 69,005 18,814 87,818
2005 22,923 28,084 13,849 3,359 3,296 71,510 19,564 91,074
2006 23,677 30,996 14,994 3,610 4,163 77,441 22,201 99,642
2007 24,623 32,466 17,282 3,945 4,430 82,746 24,879 107,625
2008 28,323 26,906 15,996 5,174 3,244 79,642 26,779 106,421
2009 29,466 25,966 15,916 5,073 4,153 80,574 25,565 106,138

3.2.3. Electricity Outlook in the World

Electricity is a form of energy carrier which is obtained from primary and
secondary energy carriers and it is indispensable for human life. It is the most needed
energy form all over the World, and the demand for electricity is increasing each day with
industrialization and globalization. However, there is a major disadvantage of electricity in
that it is not storable. Since electricity cannot be stored, continuous supply and demand

balance has to be ensured [24].

General information about world electricity generation is given in this subsection.
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Figure 3.7. World electricity generation by source of energy Terawatt-hours (TWh) [31].
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Average annual rate of increase in world electricity generation has been 3.6% from
1971 to 2009. The reasons of steady and continuous increases in global (and local) energy
demand are, (i) development of and heavier reliance on electrical appliances, (ii) economic
development, (iii) population increases, (iv) availability of electricity to more people
through rural electrification projects [31].

The status of and changes in the profile of primary (and secondary) energy
resources used in electricity generation is also quite interesting. The share of electricity
generation from oil has sharply decreased from 20.9% (in 1971) to 5.1% (in 2009). There
is also a decrease in the share of hydro from 22.9% to 16.2%. However, the share of
nuclear has increased from 2.1% to 13.4% and the share of natural gas has increased from
13.3% to 21.4%. It is worthwhile to note that the share of coal and peat has remained stable
at 40-41 % [31].

Electricity has an increasing share in the World total energy demand. The
International Energy Agency (IEA) estimates that, in the period 2009-2010, there has been
5.4% increase in worldwide electricity demand and a 9.5% increase in non-OECD

countries [26].

3.2.4. Electricity Outlook in Turkey

Table 3.7. Electricity energy production by resources in Turkey[32].

Hardcoal | Lignite | Fuel Oil [Natural Gas|Biogas, Waste, Other| Thermal Hydro |Geothermal and Wind Total

GWh (% | GWh | % |GWh [%| GWh |% GWh % | GWh |%| GWh |% GWh % | GWh | %
1990 621 |1 (19,560( 34 {3,942|7| 10,192 |18 - - | 34,315 |60| 23,148 |40 80 - | 57,543 |100
1995| 2,232 | 3 |25,815| 30 (5,772 | 7| 16,579 |19 222 0 | 50,620 |59] 35,541 |41 86 - 86,247 |100
2000| 3,819 |3 (34,367 28 |9,311|8| 46,217 |37 220 0 ]93,934 (75| 30,879 25 109 0 [124,922{100
2005(13,246 | 8 [29,946|18,5|5,483 | 3 | 73,445 |45 122 0 |122,242|76|39,561 |24 153 0 [161,956|100
2010] 19,104 | 9 |35,942(17,0{2,180| 1 | 98,144 |47 457 0 [155,828(74|51,795 |25 3,585 2 |211,208{100
2011{25,159|11{39,415|17,3| 3,804 | 2 | 102,131 |45 450 0 |170,959|75|52,078 |23 5,394 2 |228,431|100

Table 3.7 shows the electricity generation by fuel types in Turkey from 1990 to

2011, which gives brief information about Turkey’s energy resources.
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Figure 3.8. Turkey's electricity generation by fuels in 2008 [33].
The electricity generation by fuel type in 2008 is displayed in Figure 3.8. Natural
gas is the leading fuel type in electricity generation with 48.5 %. The natural gas is

followed by domestic coal with 21% of total electricity generation.

Table 3.8. CO, emissions from the energy and electricity sectors in Thousand Tonnes (kt)

[34].
Sectors 1990 1995 2000 2005 2006 2007 2008 2009 2010
Energy 126,701 | 155,347 | 207,054 | 236,355 | 253,150 | 282,834 | 270,862 | 271,109 | 277,453
Electricity | 30,325 | 43,750 | 72,089 | 83,680 | 85,312 | 100,662 | 101,473 | 96,286 | 106,824

The CO; emissions from the electricity sector has been 30,325 (kt) in 1990 and this
amount is increasing year by year. The effects of the economic crisis in Turkey on energy
sector in the year 2009 should also be noted (it has led to temporary reductions in
electricity and GHG generation) [28].

Table 3.9. Turkey’s Gross-Net Electricity Production, Import, Gross Electricity

Consumption, Grid Losses and Export (GWh) from 2006 to 2010 [29].

Increase in

Increase in .
Years G ross Gross Net . Import Grass . Gross Grid Export
Production . Production Consumption . Losses
Production Consumption
2006 176,300 - 169,543 573 170,116 - 4544 | 2,236
2007 191,558 9% 183,340 864 184,204 8% 4523 | 2,422
2008 198,418 13% 189,762 789 190,551 12% 4,388 | 1,122
2009 194,813 11% 186,619 812 187,431 10% 3,973 | 1,546
2010 211,208 20% 203,046 1,144 204,190 20% 5,691 | 1,918
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Table 3.9 shows that electricity production and consumption is increasing each year
except for the year 2009 (which is the year that Turkish economy has experienced a

recession).

The total World electricity generation has been 22,018.1 TWh in 2011 and
Turkey’s electricity generation is about 1% of world electricity generation with 228.4
TWh. China, which has produced 4700.1 TWh of electrical energy in 2011, has the
maximum share of world electricity generation with 11.7% [25].

3.2.5. Environmental Impacts of the Energy Sector in the World

Energy production and consumption have great impacts on the environment and
public health since they emit greenhouse gases as well as many environmentally hazardous
substances. Greenhouse gas emissions are generally caused by industrial processes and
burning of fossil fuels, while renewable sources and nuclear based energy generation result

in little greenhouse gas emissions.

Million tonnes carbon dioxide

1965 1971 1976 1981 1986 1991 1996 2001 2006 2011

B OECD M Non-QOECD

Figure 3.9. World (OECD and non-OECD) CO; emissions (1965-2011) [25].

The share of non-OECD countries in total CO, emissions is increasing each year as
it can be inferred from Figure 3.9.
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Figure 3.10. Primary energy resource shares in CO, emissions in the World in 1973 [27].
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Figure 3.11. Primary energy resource shares in CO, emissions in the World in 2009 [27].

Figure 3.10 and 3.11 show the share of primary energy resources in CO, emissions
in the year 1973 and 2009. Although oil has the largest share of CO, emissions in 1973
with 50.6%, its share has decreased in recent years. Coal/ peat has been the leading source
of CO, emissions with 43% in 20009.
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3.2.6. Environmental Impacts of the Energy Sector in Turkey
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Figure 3.12. Breakdown of GHG emissions within the energy sector in 1990 [35].
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Figure 3.13. Breakdown of GHG emissions within the energy sector in 2010 [35].

In 1990, the largest share in energy sector belonged to manufacturing industries and
construction, however, in 2010, energy industries have the largest share of GHG emissions
within the energy sector. Since the energy demand is increasing day by day, almost every
sub-sector of energy sector has grown each year. And the need for energy industries is
getting higher, which are the largest CO, emitting sector in 2009. Also, it is worth



34

mentioning that the reason why energy industries emit such huge amounts of CO,

emissions is the public electricity and heating production [36].

Table 3.10. Total greenhouse gas emissions by sectors in Turkey (1990-2009) [28].

Sectors \ Years 1990 1995 2000 | 2005 | 2006 | 2007 | 2008 | 2009
Energy 132.13 160.79 | 212.55 | 241.75 | 258.56 | 288.69 | 276.71 | 278.33
Industrial Processes 15.44 24.21 24.37 | 28.78 | 30.70 | 29.26 | 29.83 | 31.69
Agricultural Activities 29.78 29.68 27.37 | 2584 | 26.50 | 26.31 | 25.04 | 25.70
Waste 9.68 23.83 32.72 | 3352 | 33.88 | 35.71 | 33.92 | 33.93
TOTAL 187.03 238.51 | 297.01 | 329.89 | 349.64 | 379.97 | 365.50 | 369.65
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4. ADETAILED MARKAL MODEL OF THE TURKISH
ELECTRCITY SECTOR

In Turkey, as a fast developing country, demand for energy is growing each day. As
energy’s strategic importance regarding sustainable economic growth, social and political
stability and for local and global environmental impacts becomes more of an issue, an
energy modeling system that balances long and short term energy supply and demand
identifies possible bottlenecks coordinates investments and financing and foresees

environmental impacts, in scenario based frameworks becomes inevitable.

As mentioned in the first chapter of this study, there already exists a basic bottom-
up energy modeling system, the MARKAL-Turkey Energy model. Additionally, in other
previous studies, the transportation and industry sectors of the basic MARKAL-Turkey
model are expanded and refined. In this study, another key sector of the energy system, the
electricity sector, is analyzed and this primary module of the MARKAL-Turkey model is

expanded and elaborated.

Electricity is indispensable in our daily lives and it is the most prevalent energy
form. After conversion of various primary and secondary energy resources into electricity,
it becomes a key final energy carrier that satisfies end users’ energy demand. Electricity is
used in many part of daily lives; for instance, in communication tools, security systems,
household appliances, office appliances, etc. As technological development driven
economic development proceeds, the reliance on electric power increases. Accordingly, its
strategic importance gets greater with rapid industrialization. The consumption of
electricity energy has become an indicator of economic development of a country. That is
why the electricity sector is the key element in energy system.

In this chapter, the technology options in the MARKAL-Turkey Electricity Model
and related model data (such as investment, fixed and variable operating and maintenance

costs, availability, life time, etc.) are presented and discussed in depth. Some of the data is
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acquired from public and private organizations (including EUAS, TUIK and EMO); and

some of the data is obtained from the global literature.

The following section gives brief information for all energy resources and
technology options deployed in the MARKAL-Turkey model’s electricity sector.

4.1. Hydro Energy

Hydro is one of the most significant energy resources in Turkey. After coal, hydro
energy is the second largest domestic energy resource in Turkey. The potential of hydro
energy is 129.4 billion KWh/year [37]. As of 2011, the total installed hydro power capacity
is 17,137.1 MW and its share in the total installed electricity generation capacity of Turkey
IS 32.2 %. The share of hydro energy in electricity production is 25.2 % with 57,472 GWh
[32].

Table 4.1. The share of hydro electricity generation over total electricity generation (GWh)
[32].

2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011

Total Electricity

. 122,725|129,400|140,581|150,698(161,956{176,300(191,558(198,418|194,112|210,120|228,431
Generation

Hydroelectricity

. 24,010 | 33,684 | 35,330 | 46,084 | 39,561 | 44,244 | 35,851 | 33,270 | 35,905 | 51,505 | 57,472
Generation

Share of
Hydroelectricity 19.6 26 25.1 30.6 24.4 25.1 18.7 16.8 18.5 245 25.2
%

For the purpose of improving hydro electricity generation potential, Renewable
Energy Resources for the Generation of Electrical Energy Law (Law No0.5346 ), has come
into force in 2005 . This law encourages to establish and operate new hydro power plants
in recent years [38]. After the ratification of this law, especially, channel and small river
dams type of hydroelectricity power plants (which are small sized) have been increasing.
Accordingly, there is a noticeable increase in the share of hydroelectric power generation
after 2009.
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Table 4.2. The technical and economic potential of Turkey's hydro electricity generation in

2010 [32].
Average
Installed Installed Annual
Hydro Power Plants Capacity - | Capacity - Generation
MW (2009) | MW (2010) Capacity
(GWh/year)
Operating 14,254 16,400 49,700
Under Construction 8,046 12,841 18,300
Planned 22,700 15,709 72,000
Total 45,000 45,950 140,000

Hydro power plants are grouped according their capacities. The capacity selection
is primarily dictated by environmental, geographic and physical factors and limitation.
However, there are also different advantages of each kind of hydro power plants. For
instance, building small scale hydro electricity generation plants are fast and less costly
ways for providing electricity to remote villages that are not close to transmission lines
[39].

In this study, hydro energy is grouped into four main categories. The first one is
large scale hydro power plants whose installed capacity is greater than 100 MW. The
second group is medium scaled power plants whose installed capacity is between 20 MW
and 100 MW. Third group is small scaled power plants whose installed capacity is between
1.25 MW and 20 MW. And finally, the fourth group is micro scaled hydro power plants
whose installed capacity is lower than 1.25 MW. Each of these four groups are further
categorized into 2 subgroups as privately and publicly owned hydro power plants. Life
span of hydro power plants is about 40 years [40]. The average availability of these hydro
power plants is about 40% [41]. These new technologies are determined while taking into
account their installation rate in the World and the likelihood of applying these

technologies in Turkey.

4.2. Wind Energy

Wind energy is another important energy resource that utilized in electricity
generation sector in the MARKAL- Turkey model. Turkey has a large wind energy
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potential to generate electricity. The Marmara, South East Anatolian, and Aegean Regions
are the most favorable places for utilizing wind energy [42]. The studies conducted in
Turkey point out that the average annual wind speed is 2.5 m/sec and the annual wind
power density is 2.4 watt/ m?. The main disadvantage of wind energy is its intermittent
availability and frequent maintenance needs. Accordingly, its investment and maintenance
costs are higher compared to those of fossil fuel energy resources. However, its operating
costs are relatively lower. Turkey aims to have 10 GW in installed wind energy capacity in
2015 and reach to 20 GW in 2023, in the framework of the Energy Strategy Plan [43].

Table 4.3. Wind power potential [44].

. Windy Total
Wind Source Degree Wincd | ;’sc;wer D\e/\nlw%?/%/g'zz\;ggrm S%:O?/E;at :léorntgza% é‘r?;r% Icnassgi:liet?/
(%) (MW)
Medium 3 300 - 400 6.5-7.0 | 16,781.39 2.27 83,906.00
Good 4 400 - 500 70-75 | 585187 0.79 29,259.36
Wonderful 5 500 - 600 75-8.0 | 2,598.86 0.35 12,994.32
Excellent 6 600 - 800 8.0-9.0 | 1,079.98 0.15 5,399.92
Extraordinary 7 > 800 >9.0 39.17 0.01 195.84
Total 26,351.28 3.57 131,756.40

The installed capacity for wind energy is increasing each year. Especially, after
2005, there is a remarkable improvement in the utilization of wind energy. As can be seen
in Figure 4.1, while the total installed capacity for wind energy was 146.3 MW in 2006, it
has arisen to 1,358 MW in 2011 [45]. The underlying reason of this gradual increase in
recent years is incentives on utilization of renewable energy resources that come into force
in 2005.

As of 2011, the wind energy’s share in Turkey’s electricity production is 2.1% [46].
On the other hand, almost 3.6% of Turkey’s land mass (nearly 26,350 kmz) enjoys
sufficient wind power that has the potential for electricity generation. In this study, wind
energy is divided into 2 groups since there are some differences in wind energy
technologies: onshore and offshore wind energy technologies. The onshore wind energy
technology is also divided into subgroups according to the design wind speed. The
available onshore wind energy technologies are in 5 subgroups, namely 6.5-7 (m/sec), 7-
7.5 (m/sec), 7.5-8 (m/sec), 8-9 (m/sec), and greater than 9 (m/sec) wind speeds at 50 m
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high. These technologies are considered while taking into account their installation rate in

the World and the likelihood of applying these technologies in Turkey.

The investment costs of offshore wind energy facilities (range from 1200 €/kW to
2700 €/kW) are higher than the investment costs of onshore facilities (range from 1100
€/kW to 1400 €/kW) [47]. The average lifetime for wind turbines is 25 years [48].
Currently offshore wind accounts for a small portion of total installed wind power capacity

over the world. However, its share (both globally and in Turkey) is expected to grow.

1,358
1400 1,329.

1200

1000

800

MW

600

400

200 146.3
87 87 189 189 189 201 201 201 °1

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Years

Figure 4.1. The installed capacity for wind energy from 1998 to 2010 in Turkey [44].

4.3. Geothermal Energy

Geothermal energy is the heat energy stored in the Earth mass and which has
naturally found its way to the surface (or near to surface) through the faults in the Earth’s
geological layers, in the form of steam, hot water and/or hot gases. It is a clean, sustainable
and renewable energy type. Because of its geologic and tectonic structure, Turkey has a
large potential for geothermal energy such that it is one of the top countries in world
regarding geothermal usage ranking [25]. Geothermal energy is expected to play a
significant role in Turkey’s future renewable energy resource supply. Its resources are

utilized for both electricity and heat generation in the MARKAL Turkey model.
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Turkey’s geothermal capacity is 600 Mega Watt electrical (MWe) for electricity
and 31,500 Mega Watt thermal (MWt) for heat production [44]. According to the studies
carried out by the General Directorate of Mineral Research and Exploration (MTA), there
are about 1500 hot and mineral water resources with temperatures ranging from 20 °C to
242 °C in Turkey.

Currently, about 11,000 residence equivalents, 2,300,000 m? of agricultural
greenhouse and 260 spas are heated by geothermal energy [44]. The West Anatolia,
namely Denizli-Kizildere, Aydin-Germencik, and Kiitahya-Simav are the most prominent

locations for geothermal energy [49].

The average lifespan for geothermal power plants is 40 years [50]. The total
installed capacity is displayed in Table 4.4 by the years. The change in installed
geothermal power capacity from 2010 to 2011 is noteworthy. The reason of this change is

the establishment of new geothermal power plants in 2010.

In the MARKAL-Turkey model, geothermal energy is divided into 2 main groups:
Geothermal for electricity generation and geothermal for heat generation. The related
technologies are determined while taking into account their installation rate in the World

and the likelihood of applying these technologies in Turkey.

Table 4.4. The installed geothermal power capacity (MW) for Turkey and World (1975-

2011) [25].
Goret| aom
1975 | 1980 | 1985 | 1990 | 1995 | 2000 | 2005 | 2010 | 2011 over share of
2010 total
Turkey 21 20 20 20 94 114 | 21.20% | 1.00%
J\?;?:d 1,300 | 3,887 | 4,764 | 5,943 | 6,767 | 8,077 | 9,134 | 10,926 | 11,014 | 0.80% | 100.00%
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4.4. Solar Energy

Due to the detrimental effects of fossil fuels on environment; solar energy, which
is one of the renewable energy resources, is being seriously considered to help meet future
energy demand in Turkey [51].

Solar energy is utilized for heating or generating electricity power. Turkey has a
significant solar energy potential since its geographical location is between 36° and 42 °N
latitudes and she has a typical Mediterranean climate [51]. The meteorological data shows
that the average annual solar irradiance intensity is 308 cal/cm?-3.6 KWh/m? per day and
the average annual sunshine duration is 2640 hours in Turkey [52]. The solar energy
potential in Turkey is 32.6 MToe and 56,000 MW. The total installed capacity in Turkey is
almost 0 GW in 2006 and 2011 [53,54]. Table 4.5 provides some information about solar
energy in Turkey.

The solar energy technologies considered in the MARKAL-Turkey model are
photovoltaic power generation technologies which are grouped under residential and
commercial PV technologies. In addition, solar pool technologies are added to the model.
These technologies are determined while taking into account their installation rate in the
World and the likelihood of applying these technologies in Turkey. The average lifespan

for solar power technologies is 20 years [55].
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Table 4.5. Average solar energy potential of Turkey and insolation durations on monthly

basis [56].
Total monthly solar energy Insolation duration
Months kcal/cm*-month kWh/m*-month (h/month)
January 4.45 51.75 103
February 5.44 63.27 115
March 8.31 96.65 165
April 10.51 122.23 197
May 13.23 153.86 273
June 14.51 168.75 325
July 15.08 175.38 365
August 13.62 158.40 343
September 10.60 123.28 280
October 7.73 89.90 214
November 5.23 60.82 157
December 4.03 46.87 103
Total 112.74 1,311.00 2,640
Average 0.31 kcal/cm®-day 3.6 kWh/m’-day 7.2 hiday

4.5. Bio-Power energy

Another renewable energy source in Turkey is bio-energy. Biogas is caused by

biomass and consists of methane (CH,4), CO,, nitrogen, hydrogen, and oxygen. Biogas

generation from garbage is a good example of biogas utilization in Turkey [44, 57]. Turkey

has at least 4000 MW biogas potential. Another bioenergy resource is biodiesel which is

obtained from agricultural crops or from recycled restaurant greases. It can be used in pure

form or blended with diesel. It is called according to fuel mix such that 100% biodiesel is
called B100, 20% biodiesel with 80% petrodiesel is called B20, 5% biodiesel with 95%

petrodiesel is called B5, and 2% biodiesel with 98% petrodiesel is called B2 [58]. There is
also bioethanol which is obtained from plant-based feedstocks by fermentation [59]. It is

blended with gasoline. The most common ones are E-10 (10% bioethanol and 90%

gasoline) and E-85 (85% bioethanol and 15% gasoline) [60]

Table 4.6. Renewable Resources in Turkey (2011) [44].

Source Potential Under Construction Operating
Hydro 45,000 MW 14,600 MW 16,160 MW
Wind 48,000 MW 2,130 MW 1,360 MW
Solar 300 TWh/Year - -
Geothermal 600 MW 118 MW 94 MW
Bioenergy 17 Mtoe 50 MW 97 MW
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In 2006, the installed power is for digester gas was 7 MW and for landfill gas was
5.5 MW [61]. The installed power for biomass technologies in 2011 reached 63 MW [62].
The expected life cycle for bio-energy power plants range from 15 to 20. The expected life
cycle for biomass power plants is 20 years [63]. The availability of these technologies is
higher than 60% [64].

The bio-energy technologies of the electricity sector in the MARKAL Model are
grouped according to fuel types and then sub grouped according to technology types. The
biogas plants are grouped according to those using “Steam Turbine” and “Slurry Digester”
technologies. The biogas technologies are “Renewable Agri Waste Combustion Plants
(Steam Turbine) Plants” and “Renewable Agri Waste Slurry Digester”. The plants that use
biomass are “Energy crop gasification technologies for 2010, 2020, 2030 and 2040 and
“Gas driven Gas Turbine Combined Cycle”. The plants that use landfill gas is “Landfill
gas driven with Internal Combustion Engine”. These technologies are determined while
taking into account their installation rate in the World and the likelihood of applying these

technologies in Turkey.

4.6. Nuclear Power
In the last few decades, many countries have moved into or at least seriously
considering and planning nuclear power generation. Due to the absence of indigenous
natural energy resources, such as coal and oil, some countries such as France and Japan,
have been strongly supporting and encouraging the utilization of nuclear power systems
[65].

There are various advantages of nuclear energy. For instance, since it generates
almost no greenhouse gases, the utilization of nuclear power plants instead of coal fired

power plants results in reducing CO, emissions to atmosphere [66].

In Turkey, there is no nuclear power plant in operation. However, it is planned to
construct a 4800 MW nuclear power plant at Akkuyu [67]. The planned power reactor type
is VVER-1200 with 1200 MWe gross. The state also has plans about constructing other

nuclear power plants. The planned reactor types are depicted in Table 4.6.



44

Table 4.7. Planned and proposed nuclear power reactors [68].

Location Type MWe Gross
Akkuyu 1 VVER-1200 1,200
Akkuyu 2 VVER-1200 1,200
Akkuyu 3 VVER-1200 1,200
Akkuyu 4 VVER-1200 1,200
Sinop 1 APWR (Proposed) 1,550
Sinop 2 APWR (Proposed) 1,550
Sinop 3 APWR (Proposed) 1,550
Sinop 4 APWR (Proposed) 1,550

Currently, Turkey depends heavily on imported natural gas (mostly from Russia
and Iran) to generate electricity. It is claimed that with the nuclear power generation,
Turkey will depend less on imports. Besides, World Nuclear Association claims that
utilization of nuclear power energy not only reduces the problem of energy dependence,

but also helps the economy grow [67].

The technology options considered in the model for nuclear power energy are
grouped according to the reactor types in the nuclear power plants. The technologies are :
Advanced Gas Cooled, AP1000(URN), EPWR (URN), GTMH, Magnox, Pebble Bed and
PWR Reactors. These technology options are determined while taking into account their

installation rate in the World and the likelihood of applying these technologies in Turkey.

4.7. Hydrogen Energy

Hydrogen energy, which is an alternative energy resource, has highest energy
content per unit mass and emits almost no pollution. The amount of energy in 1 kg of
hydrogen is equivalent to energy in 2.1 kg of natural gas and 2.8 kg of petroleum [69].
Besides, it should be mentioned that hydrogen is an important energy carrier like electricity
because it is possible to deliver hydrogen energy to the areas where a consumer need it.
However, it is costly and there is no hydrogen energy based technology in Turkey except

for a few prototypes [70].

The hydrogen technologies in the MARKAL model are “Residential Hydrogen

driven microfuel cell”, “Residential Hydrogen driven microfuel cell for 20207, “CHP with
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PEMFC” and “CHP with PEMFC 2020”. Hydrogen fuel cells produce electricity, heat and
water while using hydrogen as fuel [71]. These new technologies are determined while
taking into account their installation rate in the World and the likelihood of applying these

technologies in Turkey.

The average life time for power plants is 20-30 years, and their availability is about
90% [72].

4.8. Coal

Coal is one of the most important fossil fuels for electricity generation all over the
world and it seems that its importance will continue. In Turkey, coal is mostly used in
power generation, steel manufacturing, and cement production. It has the largest share of
consumed fuel types. Afsin-Elbistan, Mugla, Soma, Tungbilek, Seyitomer, Beypazar1 and
Sivas reserves are the most significant lignite reserves in Turkey. Besides, Zonguldak basin
has the most important reserves of hard coal. Nevertheless a significant share of the coal
consumption is provided from imports, since lignite excavated in Turkey has low energy
value (the calorific value of domestic lignite varies between 1,000 kcal/kg and 4,200
kcal/kg) [73].

China; 1,406;

Others; 872; 26%
° 43%

m China
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m Russia
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India; 231; 7%

USA,; 565; 17%

Figure 4.2. World coal consumption (Mtoe, percentage) [33].
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The world’s total coal consumption has been about 3.3 Billion Tons of Oil
Equivalent (Billion Toe) in 2008. As it can be inferred from Figure 4.2, China and the
USA are the top two coal consumers, whose shares are 43% and 17% respectively. Also, it
is predicted that world coal demand will reach to 10 billion toe until 2030. Besides, it
should be mentioned that about 90% of the world’s coal export is realized by the following
7 countries: Australia, Indonesia, Russia, Colombia, South Africa, China and the USA
[33].

Moreover, 70% of the coal is consumed to produce electricity. The rest is
consumed primarily in space heating, iron-steel and cement industry sectors. Coal is the
common fuel used for generating electricity worldwide such that it had the maximum share
with 41.5% in 2007.

In 2008, the share of coal in Turkey’s primary production was 57.1%. At that time,
the domestic coal share in Turkey’s primary energy consumption was 15.5% [33].
Additionally, the lignite production in Turkey is 66.7 million tons and the hard coal
production is 2.9 million tons, which equals a total of 69.6 million tons of coal. The total
capacity of installed coal power plants were 10.197 MW in 2006 and 12,491 MW in 2011
[74]. The primary energy consumption of hard coal and lignite were 22.7 and 60.1 million
tons, respectively in 2006 [29]. The lifespan of coal fired power plants is about 30 years
[75].

In this study, coal based technologies are grouped according to their capacities:
“Large coal plants (whose capacity is greater than 1000 MW)”, “Medium coal plants
(whose capacity is between 500 and 1000 MW)”, and “Small coal plants (whose capacity
is lower than 500 MW)”. These small coal plants are also categorized into subgroups:
Small Coal-Lignite Plants that are publicly owned, Small Coal-Bituminous Plants that are
publicly owned and Small Coal-Lignite plants that are privately owned and Small Coal-
Bituminous plants that are privately owned. Besides, there also exist new coal fired
technologies that are subgrouped without considering their scale. These new technologies
are : New Co-firing coal plant 20207, “New Co-firing coal plant with carbon capture for
2015 and 20207, “New coal plants with IGCC for 20207, “New coal plants with IGCC for
20307, “New coal plants with IGCC and carbon capture for 20207, “New coal plants with
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IGCC and carbon capture for 20307, “New coal fired PF Plant for 2020, “New coal fired
PF Plant for 2030”, “New coal fired PF Plant for 2020, and “New coal fired PF Plant for
2030”. Also, there exists a technology “Coal fired CHP plants with steam turbine” for coal
fired heat and power plants. These technologies are determined with taking into account
their installation rate in the World and possibility to apply these technologies in Turkey.

4.9. Heavy Fuel Oil

Oil consists of many sub products such as natural gas liquids, refinery feed stocks,
hydrocarbons and petroleum products (heavy fuel oil, naphta, lubricants, etc.). Most of the
oil products are used in different energy sectors (such as transportation, agriculture and

industry). However only heavy fuel oil and diesel are deployed in electricity generation.

Heavy fuel oil is acquired by petroleum distillations [76,77]. Heavy fuel oils are
commonly used in large diesel engines or boilers, commercial and industrial heating.

Besides, they are used in the plants that generate electricity, heat or both of them [78].

The diesel based technologies (diesel power plants) in the MARKAL-Turkey model
are called “Diesel Engine” and “Diesel Engine Private”. And the technologies which are
relevant to heavy fuel oil are “Oil fired plants with steam turbine”, “Dual oil fired plants
with steam turbine” , “Oil fired plants with IGCC for after 2010, “Oil fired plants with
IGCC for 20207, “Oil fired plants with IGCC for after 2040 and “Oil fired plants with
CHP”. These new technologies are determined while taking into account their installation

rate in the World and the likelihood of applying these technologies in Turkey.

The average life time for heavy fuel oil fired power plants is 20-30 and their
availability is about %60-80 [79].

4.10. Natural Gas

Natural gas has the second largest share in world electricity generation after coal,

accounting for 15.6% in 2007 [33]. In Turkey, its consumption has been fast growing in
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the last two decades and as of 2010, its share in electricity generation and total energy

consumption is 48% and 31.9%, respectively.

Table 4.8. The shares of resources in total energy consumption between 1975 and 2010 in

Turkey (%) [80].

1975 1980 1985 1990 1995 2000 2005 2010

Natural Gas 0 0.1 0.2 5.9 9.9 17.1 27.3 31.9
Qil 51.7 50.3 46 45.1 46 40.1 35.2 26.7
Coal 21.5 22.1 21.4 30.9 27.2 30 26.4 30.6
Hydro 19 3.1 2.6 3.8 4.8 3.3 3.7 4.1
Others 24.9 24.4 29.8 14.3 121 9.5 7.4 6.7

Unfortunately, about 2% of the natural gas consumption in Turkey is met by

domestic production. The rest of the natural gas demand is met by imported natural gas

(imported primarily from Russian and Iran) [80]. The average life time for natural gas fired

plants is about 25 years and the installed capacity for natural gas is 18,174 MW [75,54].

The natural gas based technologies considered in the MARKAL model are firstly

grouped according to the capacities and technology types.

“Publicly owned large plants (whose capacity is greater than 100 MW) with Gas
turbine and combined cycle”,

“Privately owned large plants (whose capacity is greater than 100 MW) with
combined cycle”,

“Privately owned large plants (whose capacity is greater than 100 MW) with gas
turbine”,

Privately owned large plants (whose capacity is greater than 100 MW) with gas
turbine combined cycle”,

“Medium plants (whose capacity is between 20 and 100 MW) with gas turbine and
combined cycle”,

“Medium plants (whose capacity is between 20 and 100 MW) with gas turbine
steam sendout”,

“Small plants (whose capacity is between 12 KW and 20 MW) with gas turbine”,
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e “Small plants (whose capacity is between 12 KW and 20 MW) with steam turbine”,

e “Micro natural gas fired plants (whose capacity is lower than 120 KW) with gas
turbine”,

e “Natural gas fired plants with gas engine”,

e “Natural and synthetic gas fired plants with combined cycle”,

e “New natural gas fired plants with GTCC for 2020”,

e “New natural gas fired plants with GTCC for 2030”,

e “New natural gas fired plants with GTCC and carbon capture for 2020,

e “New natural gas fired plants with GTCC and carbon capture for 2030,

e “New natural gas fired plants with GTCC and carbon capture for 2040,

e “Natural gas driven with MCFC and CHP”,

e “Natural gas fired CCGT and CHP plant for industrial”,

e “Natural gas fired CCGT and CHP plant for district heating ”,

e “Natural gas driven with SOFC for 2020,

e “New natural gas fired plants with gas engine”.

These technologies are determined while taking into account their installation rate
in the World and the likelihood of applying these technologies in Turkey. Especially, the
most prominent and prevailed technologies are natural gas fired GTCC CHP plant
technologies. In these natural gas fired “combined cycle” power plants, there is both gas
turbine and steam unit. Since heat energy released from the natural gas is efficiently used,
these technologies are more advantageous than steam units or gas turbine alone [81].
Especially, with carbon capture technology, natural gas fired combined cycle technology

takes more attention in future.
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5. SCENARIOS AND THEIR RESULTS

The expanded MARKAL-Turkey model is run under various scenarios and the
obtained results (under each scenario), regarding energy resource, technology use,
investments, costs, and emissions (over the planning horizon) are compared. In all
scenarios the planning horizon is taken as from 2006 to 2051 at 5 year intervals. 2006 and
2011 are the calibration years for the model and in these periods model parameters are
calibrated such that results are in line with the real conditions for Turkey. In these
calibration years, the scenarios are not free to take any random values. Technology related
parameters, exported and imported quantities, etc. are all set at their actually realized
values [9]. The expansion of the electricity generation sector and enriched technology
options mentioned in the previous chapter are included in the base scenario as well as the
other scenarios. The following subsection describes the considered scenarios and the
obtained results.

5.1. The Base Scenario

The base scenario (also called the business as usual scenario) is the dataset that
shows an energy system under prevailing conditions with no major policy changes in the
future periods [9]. In this section the base scenario (namely “BASE”) is taken as reference
scenario for the scenario analyses. Also, the results of the BASE scenario are compared to
the results of previous study’s base scenario which is called the BAUSOLF scenario. The
overall CO, emissions level, energy consumptions by key resources, and (discounted) costs
over the planning horizon for the original and expanded MARKAL-Turkey model are
presented in the following figures. The costs that are given in these results are in unit of
million pounds (M pounds) with the prices of year 2000.
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Figure 5.1. Total CO, emissions of all sectors in the BASE and the BAUSOLF scenarios.

As illustrated in Figure 5.1, there is a (very much expected) rise in the level of CO,

emissions over the planning horizon. The overall CO; emissions level is 55,152,000 (kt)
for the BAUSOLF and 50,587,000 (kt) for the BASE scenarios. The main reasons behind

the around 5% reduction in GHG emission levels (at the end of the planning horizon) are,

(i) the detailed considerations of electricity generation technologies, (ii) additional data

compiled in GHG emissions of electricity generation technologies, (iii) changing discount

rate from 10% to 5%.
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Figure 5.2. Costs of the electricity sector in the BASE scenario (M pounds).
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Figure 5.3. Costs of the electricity sector in the BAUSOLF scenario (M pounds).
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Figure 5.4. Costs of all sectors in the BASE scenario (M pounds).
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Figure 5.5. Costs of all sectors in the BAUSOLF scenario (M pounds).

There is a big difference between the costs estimated in the BASE and the
BAUSOLF scenarios, especially towards the end of the planning horizon. The main reason
of this difference is different discount rates. In the BAUSOLF scenario, the discount rate
was chosen as 0.1. However, in the current BASE scenario, the discount rate is chosen as
0.05.

Table 5.1. Energy consumptions of the all sectors by resources in the BAUSOLF scenario

(PJ).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
COAL 1,214.7 | 1,681.1 | 2,897.2 | 4,090.9 | 5,881.0 | 8,177.0 | 11,280.6 | 14,925.3 | 19,377.6 | 24,838.0
DIESEL 5826 | 617.7 | 6589 | 7322 | 8029 | 9286 | 7857 | 6318 | 4125 | 1857
HYDRO 1648 | 1444 | 1241 | 1242 | 1243 | 1077 | 1144 | 1165 | 1130 | 1118
GEOTHERMAL| 00 | 00 | 00 | 00 | 00 0.0 0.0 0.0 0.0 0.0
NATURAL GAS | 1,253.0 | 1,323.7 | 1,000.0 | 1,000.0 | 7885 | 6158 | 3839 | 3433 | 5119 | 6916
oIL 956 |1,126.7 |1,201.4|1,3352 |1,4642 | 16934 | 1,432.7 | 9282 | 8097 | 0.0
SOLAR 243 | 151 | 94 | 58 | 36 2.2 14 0.9 0.5 03
WIND 04 | 12 | 12 | 12 | 12 0.0 0.0 0.0 0.0 0.0
BIOENERGY | 1787 | 1110 | 689 | 428 | 266 | 165 | 102 6.4 40 25
ﬁg*ﬁ'— 3,514.0 | 5,020.9 | 5,961.1 | 7,332.3 | 9,092.3 | 11,541.3 | 14,008.8 | 16,952.3 | 21,229.2 | 25,830.0
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Table 5.2. Share of energy consumptions in all sectors by resources in the BAUSOLF

scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
COAL 34.6 335 48.6 55.8 64.7 70.9 80.5 88.0 91.3 96.2
DIESEL 16.6 123 111 10.0 8.8 8.0 5.6 3.7 1.9 0.7
HYDRO 4.7 29 21 1.7 1.4 0.9 0.8 0.7 0.5 0.4
GEOTHERMAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NATURAL GAS 35.7 26.4 16.8 13.6 8.7 53 2.7 2.0 2.4 2.7
olL 2.7 22.4 20.2 18.2 16.1 14.7 10.2 5.5 3.8 0.0
SOLAR 0.7 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BIO ENERGY 51 2.2 1.2 0.6 0.3 0.1 0.1 0.0 0.0 0.0
TOTAL PERCENTAGE 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0

Table 5.3. Energy consumptions of all sectors by resources in the BASE scenario (PJ).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 2031 2036 2041 2046 2051
COAL 1,214.7 11,6195 | 2,642.5 | 3,602.7 | 5,360.2 | 7,017.6 | 9,550.3 | 12,752.1 | 17,066.6 | 22,089.5
DIESEL 579.3 | 6155 | 658.3 | 731.8 | 8024 | 928.7 785.6 631.8 412.7 185.8
HYDRO 2185 | 200.4 | 200.4 | 200.4 | 1823 | 1823 166.9 145.6 130.7 124.6
GEOTHERMAL 1.4 10.1 10.5 10.9 11.3 11.7 10.4 9.2 7.2 6.1
NATURAL GAS |1,191.1|1,4142| 936.5 |1,011.8| 810.3 | 756.8 671.9 831.3 9284 | 1,2494
OoIlL 95.6 |1,122.7|1,200.4|1,334.5|1,463.2 | 1,693.5 | 1,432.6 | 793.0 809.8 0.0
SOLAR 24.3 15.1 9.4 5.8 3.6 2.2 1.4 0.9 0.5 0.3
WIND 0.0 18.7 72.0 82.5 78.9 87.2 83.5 26.3 10.9 10.9
BIO ENERGY 100.0 | 1024 | 72.0 46.5 25.6 15.8 9.2 57 3.6 2.2
ANNUAL TOTAL |3,424.9 | 5,118.4 | 5,801.9 | 7,026.8 | 8,737.7 | 10,695.8 | 12,711.7 | 15,195.7 | 19,370.5 | 23,668.8

Table 5.4. Share of energy consumptions in all sectors by resources in the BASE scenario

(%).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
COAL 35.5 31.6 455 51.3 61.3 65.6 75.1 83.9 88.1 93.3
DIESEL 16.9 12.0 11.3 10.4 9.2 8.7 6.2 4.2 2.1 0.8
HYDRO 6.4 3.9 35 2.9 2.1 1.7 1.3 1.0 0.7 0.5
GEOTHERMAL 0.0 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.0 0.0
NATURAL GAS 34.8 27.6 16.1 14.4 9.3 7.1 5.3 55 4.8 5.3
OIL 2.8 21.9 20.7 19.0 16.7 15.8 11.3 5.2 4.2 0.0
SOLAR 0.7 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 0.4 1.2 1.2 0.9 0.8 0.7 0.2 0.1 0.0
BIO ENERGY 2.9 2.0 1.2 0.7 0.3 0.1 0.1 0.0 0.0 0.0
TOTAL PERCENTAGE 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
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Table 5.5 Energy consumptions of the electricity sector by resources in the BASE scenario

(PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 24 6.1 51 1.6 0.9 0.0 0.0 0.0 0.0
COAL 571.3 | 5519 | 8374 | 8322 |1,668.6|2,357.6 | 3,216.1 | 4,379.4 | 5,700.3 | 7,246.5
DIESEL 3.7 4.7 15 1.6 11 0.6 0.1 0.1 0.1 0.1
GEOTHERMAL 1.3 10.1 105 10.9 11.3 11.7 10.4 9.2 7.2 6.1
HEAVY FUEL OIL 39.3 4.5 9.9 107.3 7.1 115 0.7 0.7 0.7 0.3
HYDRO 2185 | 2004 | 200.4 | 2004 | 1823 | 1823 | 1669 | 1456 | 130.7 | 124.6
NATURAL GAS 4938 | 7350 | 4813 | 803.6 | 6604 | 648.2 | 5534 | 548.2 | 5443 | 559.2
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 72.0 82.5 78.9 87.2 83.5 26.3 10.9 10.9
ANNUAL TOTAL 1,328.0 | 1,527.7 | 1,619.1 | 2,043.5 | 2,611.3 | 3,299.9 | 4,031.0 | 5,109.4 | 6,394.2 | 7,947.7

Table 5.6. Share of energy consumptions in the electricity sector by resources in the BASE
scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.4 0.2 0.1 0.0 0.0 0.0 0.0 0.0
COAL 43.0 36.1 51.7 40.7 63.9 714 79.8 85.7 89.1 91.2
DIESEL 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.7 0.6 0.5 0.4 0.4 0.3 0.2 0.1 0.1
HEAVY FUEL OIL 3.0 0.3 0.6 53 0.3 0.3 0.0 0.0 0.0 0.0
HYDRO 16.5 131 12.4 9.8 7.0 55 4.1 2.8 2.0 1.6
NATURAL GAS 37.2 48.1 29.7 39.3 253 19.6 13.7 10.7 8.5 7.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.2 4.4 4.0 3.0 2.6 21 0.5 0.2 0.1
TOTAL PERCENTAGE 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0

The results of both scenarios display similar trends; the most important ones being
the changes in fuel consumptions in all sectors. Especially a significant rise is observed in
consumption of hydro (compared to the BAUSOLF scenario) and coal (the highest
increase being in coal consumption in both scenarios: since it is the cheapest option, both
mostly prefer to use coal to generate electricity). Also, natural gas consumption (which is
one of the less emitting energy carriers) is increased. These trends strongly affect the CO,
emissions and costs results. On the other hand, the profile of wind energy is noteworthy.
Since installed power is updated in the BASE scenario, a significant difference of wind

energy consumption is observed between the BAUSOLF and the BASE scenarios. Coal
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consumption is increasing over the planning horizon, since it is the cheapest option, the
model mostly prefers to use coal to generate electricity.

Besides, when the BASE scenario is compared to the previous model’s BAUSOLF
scenario, the similarity between results can be considered as a validation of the new model.

5.2. Alternative Scenarios

In order to examine the effects of various policy alternatives through the energy
model, different “What-if” scenarios are developed by including additional constraints to
the model or/and changing some key parameters (such as prices). These additional
scenarios which are different from the base scenario are called alternative scenarios. For
instance, in the base scenario, there is no constraint that forces or encourages the model to
reduce CO, emission levels. Therefore, some scenarios are prepared to investigate the

impacts of policy alternatives enforcing lesser CO, emissions.

In the following subsections, different alternative scenarios are described and then

their results are analyzed and compared with the reference scenario.

5.2.1. The Emission Restriction Scenarios

Turkey, as a fast developing country, takes some precautions for her future of
energy sector and aims to combat climate change. Although, she has not committed herself
to specific quantities in reducing GHG emissions, she is aiming at reducing CO, emissions
as much as possible. Therefore, in this group of scenarios, overall CO, emissions are
restricted by 20% and 40% in order to analyze the effects of strict limits in reducing

overall CO, emissions.

In the 20% emission restriction scenario, which is named the RS_C_20 scenario, a
constraint set is added to the base scenario in order to reduce the CO, emission level of
energy sector by 20% (compared to the CO, emissions in the BASE scenario) in all
periods. This is accomplished by adding an upper bound (which is 80% of the base
scenario’s periodic CO, level) to each period. However, as 2006 and 2011 are over, the
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CO; emissions are actually bounded from 2016 onwards in this emission reduction

scenario.

In the 40% emission restriction scenario, which is named the RS_C_40 scenario, a
constraint set is added to the base scenario in order to reduce the CO, emission level of
energy sector by 40% (compared to the CO, emissions in the BASE scenario) in all
periods. This is accomplished by adding an upper bound (which is 60% of the base
scenario’s periodic CO, level) to each period. The remaining of the model is not altered
and again, emission bounds are not applied to 2006 and 2011 periods. Table 5.7 shows the

overall CO, emission bounds for both scenarios.

Table 5.7. The CO, emission bounds for the RS_C_20 and the RS_C_40 scenarios (kt).

2016 2021 2026 2031 2036 2041 2046 2051
RS_C_20 348,596 444,209 577,178 721,495 911,196 1,161,792 | 1,504,994 | 1,931,469
RS_C_40 261,447 333,157 432,884 541,121 683,397 871,344 1,128,745 | 1,448,602

For the RS_C_20 scenario, energy consumptions by resources and share of these

resources for the electricity sector are displayed in Tables 5.8 and 5.9, respectively.

Table 5.8. Energy consumptions of the electricity sector by resources in the RS_C_20
scenario (PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 24 6.1 6.0 21 0.9 0.0 0.0 0.0 0.0
COAL 571.3 | 536.1 | 5131 | 470.8 |1,172.8 | 1,875.0 | 2,669.9 | 3,636.8 | 4,644.9 | 6,308.4
DIESEL 4.6 4.7 0.9 0.9 0.7 0.5 0.1 0.1 0.1 0.1
GEOTHERMAL 1.3 10.1 10.5 10.9 113 11.7 10.4 9.2 7.9 6.6
HEAVY FUEL OIL 38.4 54 6.1 5.8 4.3 11.0 0.4 0.3 0.3 0.3
HYDRO 2185 | 2186 | 3339 | 3340 | 3339 | 334.0 | 333.7 | 326.0 | 3255 | 2945
NATURAL GAS 4928 | 7350 | 5152 | 8417 | 7635 | 778.7 | 728.7 | 7643 | 9829 | 1,123.5
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 72.0 92.1 94.4 1255 | 1421 | 1551 | 168.1 | 175.1
ANNUAL TOTAL 1,326.9 | 1,530.9 | 1,457.8 | 1,762.1 | 2,383.0 | 3,137.1 | 3,885.3 | 4,891.6 | 6,129.7 | 7,908.6
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Table 5.9. Share of energy consumptions in the electricity sector by resources in the
RS_C_20 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.4 0.3 0.1 0.0 0.0 0.0 0.0 0.0
COAL 43.1 35.0 35.2 26.7 49.2 59.8 68.7 74.3 75.8 79.8
DIESEL 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.7 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.1
HEAVY FUEL OIL 29 0.4 0.4 0.3 0.2 0.4 0.0 0.0 0.0 0.0
HYDRO 16.5 143 22.9 19.0 14.0 10.6 8.6 6.7 53 3.7
NATURAL GAS 37.1 48.0 35.3 47.8 32.0 248 18.8 15.6 16.0 14.2
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.2 4.9 52 4.0 4.0 3.7 3.2 2.7 2.2
TOTAL PERCENTAGE 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0

According to these scenario results, coal is still the most dominant primary energy
source of the electricity generation sector in Turkey and its usage almost doubles at the end
of the planning horizon, because it is the least cost alternative. Nevertheless, the coal usage
in the RS_C_20 scenario is lower than that of the base scenario. Since coal-fired power
plants are major sources of CO, emissions, the model prefers to use other energy sources
such as hydro, wind, natural gas, etc. which emit less CO,, in order to decrease the level of
coal based CO, emission. The consumption of another pollutant, heavy fuel oil has also
decreased and natural gas has increased compared to the base scenario. On the other hand,
it must be mentioned that, hydro and natural gas shares drop over time (hydro because of

its limited resource, natural gas because of its cost).

Hydro power usage in the RS_C_20 scenario is 2% greater than that of the base
scenario at the end of the planning horizon. Especially, medium scaled privately owned
hydro power plants have the largest share of hydro power plants. Moreover, wind based
electricity generation is increasing. On the other hand, solar usage is not different from that

of the base scenario.

For the RS_C_40 scenario, energy consumptions by resources and share of these

resources for the electricity sector are displayed in Tables 5.10 and 5.11, respectively.
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Table 5.10. Energy consumptions of the electricity sector by resources in the RS_C_40

scenario (PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 24 5.8 6.0 2.6 0.9 0.0 0.0 0.0 0.0
COAL 5713 | 3481 0.0 22.0 752.0 | 1,510.6 | 2,613.7 | 3,956.8 | 5,288.4 | 7,368.2
DIESEL 4.6 3.9 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.1
GEOTHERMAL 1.3 10.1 105 10.9 11.3 11.7 10.4 9.2 7.9 6.6
HEAVY FUEL OIL 38.4 0.8 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0
HYDRO 2185 | 218.6 | 532.0 | 5324 | 532.2 | 531.6 | 506.7 | 4985 | 4924 | 4513
NATURAL GAS 4928 | 7350 | 3736 | 7350 | 6333 | 639.3 | 5153 | 539.3 | 650.1 | 672.5
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 1419 | 1852 | 187.6 | 218.7 | 2353 | 1784 | 168.1 | 1847
ANNUAL TOTAL 1,326.9 | 1,337.5| 1,063.7 | 1,491.4 | 2,118.9 | 2,912.7 | 3,881.8 | 5,182.1 | 6,607.0 | 8,683.4

Table 5.11. Share of energy consumptions in the electricity sector by resources in

RS_C_40 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.5 0.4 0.1 0.0 0.0 0.0 0.0 0.0
COAL 43.1 26.0 0.0 15 355 51.9 67.3 76.4 80.0 84.9
DIESEL 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.8 1.0 0.7 0.5 0.4 0.3 0.2 0.1 0.1
HEAVY FUEL OIL 29 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYDRO 16.5 16.3 50.0 35.7 25.1 18.3 131 9.6 7.5 52
NATURAL GAS 37.1 55.0 35.1 49.3 29.9 219 13.3 10.4 9.8 7.7
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.4 13.3 12.4 8.9 7.5 6.1 3.4 2.5 2.1
TOTAL PERCENTAGE 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0

When the energy consumptions in the RS_C_40 scenario are compared with those

in the RS_C_20 scenario, it is observed that coal consumption has increased (even though

emission restriction is higher). The main reason of this phenomenon is the adoption of new

CCS technologies that provide for coal consumption, while capturing GHG emissions and

thus leading to the emission of less CO,. Especially, CCS technology (for instance

nearshore carbon capture pipeline technology) usage is increasing beyond 2036 which is

period that coal consumption gets greater in the RS_C 40 scenario than that of the

RS_C_20 scenario. Also, it is worth mentioning that, the total fuel consumption in the

RS_C_20 scenario is nearly the same as that of the RS_C_40 scenario.
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Since CO, emissions are bounded, the consumption of renewable energy resources

such as hydro and wind are preferred as clean alternatives.
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Figure 5.6. CO, Emissions of the electricity sector in the RS_C_20 scenario.
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Figure 5.7. CO, Emissions of the electricity sector in the RS_C_40 scenario.

The level of CO, emissions in both the RS_C 40 and RS_C_20 scenarios show
sharp reductions because the 20% and 40% emission reduction constraints are applied
from 2016 onwards. However, CO, emissions in these scenarios still have an increasing
trend in time.
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2006|2011|2016|2021|2026|2031|2036(2041|2046|2051
mmm Fuel Costs 1,604{1,522|1,419(1,257|1,233|1,232|1,222/1,191(1,097|1,017
Investment Costs 0 | 122 |2,519(1,920/2,506/2,594(2,648|2,266/1,691(1,229
mmmm Other Costs 767 | 540 |1,169|1,070| 981 | 919 | 787 | 704 | 686 | 737
Total Electricity Sector Cost (2,371|2,185(5,107(4,247|4,7204,745/4,657|4,161/3,474(2,984
——=5hare of Investment Cost | 0% | 6% |49% |45% | 53% | 55% | 57% | 54% | 49% | 41%

Figure 5.8. Costs of the electricity sector in the RS_C 20 scenario (M pounds).

Figure 5.8 shows the cost behavior in the RS_C_20 Scenario. As it can be inferred
from this figure, the fuel cost is decreasing period by period. Also, especially in 2016 and
following periods, there is an increase in the level of investment cost. The reason of these
cost increases is the bound on CO, emissions. The model cannot satisfy the emissions
constraints with conventional technologies; therefore, it invests in new and less polluting
technologies that have higher investment costs but lesser fuel costs. Moreover, as it can be
seen from Figure 5.8, the share of investment cost is more than half of the total cost at the
end of the planning horizon. When the costs in this scenario are compared to those in the
base scenario, investment costs are higher from 2016 onwards, also towards the end of the

planning horizon fuel costs become lower.

The cost peaks in certain periods can be explained as overlapping of replacement
time of many technologies because the installation of these technologies occurs at the same

period and then results in high investment costs.
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Figure 5.9. Costs of the electricity sector in the RS_C 40 scenario (M pounds).

When the costs in the RS_C_40 scenario are compared with those in the RS_C 20
scenario, it is observed that the investment costs are even higher in the RS_C_40 scenario.
Since emission restrictions are higher in the RS_C_40 scenario, the model choses to invest
more in new and less emitting technologies like CCS plants. As CO, emissions are
restricted, the model invests more in CCS technologies (for instance, near-shore carbon
capture pipeline for coal based technologies).

5.2.2. The Nuclear Scenarios

When the results of the base scenario are analyzed, it can be seen that, the model
does not prefer to invest in nuclear power plants over the planning horizon. Therefore,

some alternative scenarios regarding nuclear power generation are generated.

In the fast nuclear scenario, namely the RS_NUCF scenario, a constraint on
electricity generation, which forces nuclear power generation to be at least a certain
percentage of total available electricity generation is included. The minimum share of
nuclear power generation in total electricity production activity in 2016 is 6% and the
shares for each period are as follows: 12% by 2021, 15% by 2026, 18% by 2031, 21% by
2036, 24% by 2041, 27% by 2046 and 30% by 2051. Geothermal capacity (for both

electricity and heat generation) is also increased by 50% in this scenario.



63

In the slow nuclear scenario, which is named the RS_NUCS scenario, 1 GW fixed

nuclear power capacity must be installed in each 5-year period. The rest of the model is

kept unchanged.

Energy consumptions by resources and share of these resources for the electricity

sector in the two nuclear scenarios (fast and slow) are displayed in Tables 5.12, 5.13, 5.14

and 5.15 respectively.

Table 5.12. Energy consumptions in the electricity sector by resources in the RS_NUCF

scenario (PJ)

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 2.4 3.7 4.2 1.6 0.9 0.0 0.0 0.0 0.0
COAL 571.3 | 553.2 | 804.0 | 798.7 | 1,348.7 | 1,809.9 | 2,358.4 | 3,025.4 | 3,681.9 | 4,399.2
DIESEL 3.7 4.7 15 15 11 0.6 0.1 0.1 0.1 0.1
GEOTHERMAL 1.3 10.1 15.7 16.3 16.9 17.5 15.6 13.7 11.8 9.1
HEAVY FUEL OIL 39.3 4.6 9.9 27.7 7.1 9.2 0.7 0.7 0.7 0.3
HYDRO 2185 | 2004 | 2004 | 2004 | 1823 | 1824 | 170.8 | 158.7 | 152.3 | 144.0
NATURAL GAS 4938 | 7350 | 4775 | 735.0 | 6499 | 656.2 | 606.2 | 656.4 | 800.5 | 976.7
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 434 54.0 50.3 58.6 54.9 26.3 11.3 10.9
NUCLEAR 0.0 0.0 140.8 | 3453 | 5451 | 827.8 |1,218.9|1,739.3 | 2,423.8 | 3,336.4
ANNUAL TOTAL 1,328.0 | 1,529.0 | 1,697.0 | 2,183.1 | 2,803.0 | 3,563.0 | 4,425.5 | 5,620.5 | 7,082.4 | 8,876.7

Table 5.13. Share of energy consumptions in the electricity sector by resources in the
RS_NUCF scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.0
COAL 43.0 36.2 47.4 36.6 48.1 50.8 53.3 53.8 52.0 49.6
DIESEL 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.7 0.9 0.7 0.6 0.5 0.4 0.2 0.2 0.1
HEAVY FUEL OIL 3.0 0.3 0.6 13 0.3 0.3 0.0 0.0 0.0 0.0
HYDRO 16.5 131 11.8 9.2 6.5 5.1 3.9 2.8 2.1 1.6
NATURAL GAS 37.2 48.1 28.1 33.7 23.2 18.4 13.7 11.7 11.3 11.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.2 2.6 2.5 1.8 1.6 1.2 0.5 0.2 0.1
NUCLEAR 0.0 0.0 8.3 15.8 19.4 23.2 275 30.9 34.2 37.6
TOTAL PERCENTAGE 100 100 100 100 100 100 100 100 100 100
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Table 5.14. Energy consumptions of the electricity sector by resources in the RS_NUCS

scenario (PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 2.4 6.1 51 1.6 0.9 0.0 0.0 0.0 0.0
COAL 571.3 | 536.7 | 809.8 | 8045 | 1,555.2 | 2,190.6 | 2,987.5 | 4,074.9 | 5,396.2 | 6,952.2
DIESEL 3.7 4.7 15 15 11 0.6 0.1 0.1 0.1 0.1
GEOTHERMAL 1.3 10.1 10.5 10.9 11.3 11.7 104 9.2 7.2 6.1
HEAVY FUEL OIL | 393 4.1 9.9 107.3 7.1 11.8 0.7 0.7 0.7 0.3
HYDRO 2185 | 2004 | 200.4 | 200.4 182.3 181.9 166.3 145.5 130.7 125.4
NATURAL GAS 4938 | 7350 | 4915 | 7655 653.4 639.8 567.4 539.8 536.0 553.9
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 434 54.0 50.3 58.6 54.9 26.3 10.9 10.9
NUCLEAR 0.0 0.0 89.8 1747 251.3 327.8 404.4 460.8 465.6 438.9
ANNUAL TOTAL |1,328.0 |1,512.0|1,662.9 | 2,123.9 | 2,7135 | 3,423.7 | 4,191.7 | 5,257.4 | 6,547.5 | 8,087.7

Table 5.15. Share of energy consumptions in the electricity sector by resources in the
RS_NUCS scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.4 0.2 0.1 0.0 0.0 0.0 0.0 0.0
COAL 43.0 355 48.7 37.9 57.3 64.0 713 775 82.4 86.0
DIESEL 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.7 0.6 0.5 0.4 0.3 0.2 0.2 0.1 0.1
HEAVY FUEL OIL 3.0 0.3 0.6 51 0.3 0.3 0.0 0.0 0.0 0.0
HYDRO 16.5 13.3 12.0 9.4 6.7 5.3 4.0 2.8 2.0 1.6
NATURAL GAS 37.2 48.6 29.6 36.0 24.1 18.7 13.5 10.3 8.2 6.8
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.2 2.6 2.5 1.9 1.7 13 0.5 0.2 0.1
NUCLEAR 0.0 0.0 5.4 8.2 9.3 9.6 9.6 8.8 7.1 5.4
TOTAL PERCENTAGE 100 100 100 100 100 100 100 100 100 100

After 2016, when nuclear power generation is utilized, bio energy consumption
decreases in the RS_NUCF scenario and remains the same in the RS_NUCS scenario,
compared to that in the base scenario. Whereas share of coal is 91.2% in 2051 in the base
scenario, the coal share decreases to 49.6% at the same period in the RS_NUCF scenario.

The model prefers to satisfy energy demand by nuclear power plants so it needs less coal.

Natural gas consumption in the slow nuclear scenarios is lesser than that of the base
scenario. Because natural gas and coal are the leading fuels in the electricity sector of
Turkey, the usage of nuclear power mostly affects the consumptions of these resources
rather than the renewables (bio energy, geothermal, hydro, and solar). Increase in the

consumption of wind energy in the RS_NUCS scenario is noteworthy. However, wind
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energy consumptions in the nuclear scenarios are lower than those in the emission

restriction scenarios.

Since the nuclear power is relatively costly; if the model is not forced to use nuclear
power energy by constraints, it does not prefer investing in nuclear energy. When the
results of nuclear scenarios are compared to those in the emission restriction scenarios,
hydro consumption is lower in the nuclear scenarios. Also, coal consumptions in the
emission restriction scenarios are higher than those in the nuclear scenarios towards the

end of the planning horizon.
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Figure 5.10. CO, Emissions of the electricity sector in the RS_NUCF scenario.

Since coal is the least costly alternative among fossil fuels, its share increases each
period even in the RS_NUCF scenario. Thus, CO, emissions are still increasing period by
period. However, the level of CO, emissions is lower than the base scenario, since some

fossil fuels (including coal) are replaced by nuclear power.

Also, CO; emissions in the slow nuclear scenario are lower than those in the base
scenario. However, the decrease in the emission level in the RS_NUCS scenario is not as
much as that in the RS_NUCF scenario, primarily because of the difference between

nuclear energy consumption rate of these two scenarios.
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CO, emissions in the nuclear scenarios are lower than those in the base scenario.

However, these emissions are not as low as those in the emission restriction scenarios.
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Figure 5.11. CO, Emissions of the electricity sector in the RS_NUCS scenario.
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Figure 5.12. Costs of the electricity sector in the RS_NUCF scenario (M pounds).

Because of the enforced utilization of the relatively more costly nuclear power

generation, there is a significant increase in the level of investment cost in this scenario.
On the other hand, the shift from coal usage to nuclear power usage results in lesser fuel

costs. So, the fuel cost of electricity generation sector decreases in the RS_NUCF scenario.
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Figure 5.13. Costs of the electricity sector in the RS_NUCS scenario (M pounds).

When the RS_NUCS scenario is compared with the RS_NUCF scenario, the
difference in investment costs and fuel costs are noticeable. As can be inferred from
Figures 5.12 and 5.13, as the nuclear energy share increases and coal share decreases, the

investment costs increase and fuel cost decrease.

When the cost results of nuclear scenario are compared to those in the base and the
emission restriction scenarios, investment costs of the nuclear scenarios are higher than
those in the base scenario. The investment costs of the RS_C_40 scenario are slightly
higher than those in the RS_NUCF scenario. Also, the investment costs of the RS_C_20
scenario are slightly higher than those in the RS_NUCS scenario. Fuel costs of the
RS_NUCF scenario is the lowest among those of the nuclear and emission restriction
scenarios. Furthermore, total costs of the RS_C_40 scenario are highest among those of the
nuclear and emission restriction scenarios. These results show that reducing emissions

40% is more costly than nuclear power usage.

5.2.3. The CCS Scenarios

In these scenarios, the model is forced to employ CCS technologies. In the high

CCS scenario, which is named the RS _CCSH scenario, there is a constraint that forces
CCS technology to be deployed in at least a certain percentage of coal-based electricity
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production. The minimum percentage for CCS technology employment in coal-based
electricity production in each period is as follows: 3% by 2016, 6% by 2021, 9% by 2026,
12% by 2031, 15% by 2036, 18% by 2041, 27% by 2046 and 30% by 2051. Geothermal
capacity (for both electricity and heat generation) is also increased by 50% in this scenario.

In the low CCS scenario, which is named the RS _CCSL scenario, the CCS
technology enforcement starts in 2036 and the share of CCS technology in coal-based
electricity production is at least 2% by 2036, 4% by 2041, 6% by 2046 and 8% by 2051.

For the RS_CCSL and RS_CCSH scenarios, energy consumptions by resources and
share of these resources for the electricity sector are displayed in Tables 5.16, 5.17, 5.18,

and 5.19 respectively.

Table 5.16. Energy consumptions of the electricity sector by resources in the RS_CCSL

scenario (PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 2.4 6.1 51 1.6 0.9 0.0 0.0 0.0 0.0
COAL 5713 | 553.2 | 9214 | 916.2 | 1,747.6 | 2,434.5 | 3,265.9 | 4,403.9 | 5,729.0 | 7,066.3
DIESEL 3.7 4.7 1.5 1.6 1.1 0.6 0.0 0.1 0.1 0.1
GEOTHERMAL 1.3 10.1 10.5 10.9 11.3 11.7 10.4 9.2 7.2 6.1
HEAVY FUEL OIL 39.3 4.6 9.9 107.3 7.1 9.2 0.3 0.7 0.7 0.3
HYDRO 2185 | 2004 | 2004 | 2004 | 1823 | 1824 | 167.8 | 1456 | 1264 | 124.0
NATURAL GAS 493.8 | 735.0 | 481.3 | 8034 | 663.2 | 655.0 | 560.1 | 555.0 | 580.8 | 800.5
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 43.4 54.0 50.3 58.6 54.9 26.3 10.9 10.9
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ANNUAL TOTAL 1,328.0 | 1,529.0 | 1,674.5 | 2,098.8 | 2,664.5 | 3,352.9 | 4,059.4 | 5,140.7 | 6,455.2 | 8,008.2

Table 5.17. Share of energy consumptions in the electricity sector by resources in the
RS_CCSL scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.4 0.2 0.1 0.0 0.0 0.0 0.0 0.0
COAL 43.0 36.2 55.0 43.7 65.6 72.6 80.5 85.7 88.8 88.2
DIESEL 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.7 0.6 0.5 0.4 0.3 0.3 0.2 0.1 0.1
HEAVY FUEL OIL 3.0 0.3 0.6 51 0.3 0.3 0.0 0.0 0.0 0.0
HYDRO 16.5 13.1 12.0 9.5 6.8 5.4 4.1 2.8 2.0 15
NATURAL GAS 37.2 48.1 28.7 38.3 24.9 19.5 13.8 10.8 9.0 10.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.2 2.6 2.6 1.9 1.7 1.4 0.5 0.2 0.1
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL PERCENTAGE 100 100 100 100 100 100 100 100 100 100
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Table 5.18. Energy consumptions of the electricity sector by resources in the RS_CCSH

scenario (PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 2.4 3.7 4.2 1.6 0.9 0.0 0.0 0.0 0.0
COAL 571.3 | 553.2 |1,040.5|1,0352 | 1,784.4 | 2,479.0 | 3,294.1 | 4,376.4 | 5,564.2 | 7,018.6
DIESEL 3.7 4.7 15 15 11 0.6 0.1 0.1 0.1 0.1
GEOTHERMAL 1.3 10.1 15.7 16.3 16.9 17.5 15.6 13.7 11.8 9.1
HEAVY FUEL OIL 39.3 4.6 9.9 82.2 7.1 8.6 0.7 0.7 0.7 0.3
HYDRO 2185 | 2004 | 2004 | 2004 | 1823 | 1824 | 1714 | 158.6 | 1544 | 1440
NATURAL GAS 4938 | 7350 | 4286 | 7418 | 663.7 | 656.7 | 606.7 | 657.6 | 8050 | 978.8
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 434 54.0 50.3 58.6 55.5 275 13.7 12.5
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ANNUAL TOTAL 1,328.0 | 1,529.0 | 1,743.7 | 2,135.6 | 2,707.3 | 3,404.2 | 4,144.1 | 5,234.5 | 6,549.8 | 8,163.4

Table 5.19. Share of energy consumptions in the electricity sector by resources in the
RS_CCSH scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.0
COAL 43.0 36.2 59.7 48.5 65.9 72.8 79.5 83.6 85.0 86.0
DIESEL 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.7 0.9 0.8 0.6 0.5 0.4 0.3 0.2 0.1
HEAVY FUEL OIL 3.0 0.3 0.6 3.9 0.3 0.3 0.0 0.0 0.0 0.0
HYDRO 16.5 13.1 115 9.4 6.7 54 4.1 3.0 2.4 1.8
NATURAL GAS 37.2 48.1 24.6 34.7 24.5 19.3 14.6 12.6 12.3 12.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.2 2.5 2.5 1.9 1.7 13 0.5 0.2 0.2
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL PERCENTAGE 100 100 100 100 100 100 100 100 100 100

As can be inferred from Table 5.16, the consumption of bio energy, diesel,
geothermal, heavy fuel oil, hydro, solar and nuclear energy in the slow CCS scenario
hardly differ from the base scenario. However, coal consumption is higher than that of the
base scenario (until 2041) and becomes lower (about 3%) than that of the base scenario at
the end of the planning horizon although it has an increasing trend over the planning
horizon. This is because, CCS technology usage provides coal based electricity generation
with less CO, emissions. Besides, wind energy consumption in the RS_CCSL is lower than
that of the base scenario until 2041. Natural gas consumption is lower than that of the base

scenario until 2036 (about 1% in each period) and then it becomes higher.
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The consumption of natural gas in the RS_CCSH scenario is higher than that of the
RS_CCSL and base scenario. Also, coal consumption is higher than that of the RS_CCSL
and base scenarios until the period 2031, however after 2036 coal consumption is reduced.
On the other hand, wind energy consumption is almost the same in the RS_CCSH and
RS_CCSL scenarios. Natural gas consumption in the RS_CCSH scenarios is higher than
(about 5%) that of the RS_CCSL scenario.

When the coal consumption in the CCS scenarios are compared to those in the
nuclear scenarios, it can be seen that coal consumption in the CCS scenarios are higher
than those in the nuclear scenarios. While, the gap between the coal consumption in the
CCS scenarios and the RS_NUCS scenario is very low, it gets larger between the CCS
scenarios and the RS_NUCEF scenario. Natural gas consumption in the CCS scenarios is
lower than that of the RS_NUCS scenario and wind energy consumptions in the nuclear

scenarios are almost the same as those in the CCS scenarios.
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Figure 5.14. CO, Emissions of the electricity sector in the RS_CCSL scenario.
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Figure 5.15. CO;, Emissions of the electricity sector in the RS_CCSH scenario.

With regard to energy consumption and CO, emissions, the “RS CCSH” and

“RS_CCSL” scenarios are very similar. It must be mentioned that total electricity sector

CO; emissions in the RS_CCSH and RS_CCSL scenarios are higher than those in the base

and nuclear scenarios. However, electricity sector CO, emissions in the emission

restriction scenarios are the lowest compared to those in the nuclear and CCS scenarios.
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Figure 5.16. Costs of the electricity sector in the RS_CCSH scenario (M pounds).
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Figure 5.17. Costs of the electricity sector in the RS_CCSL scenario (M pounds).

As shown in Figures 5.16 and 5.17, there is a sharp increase in the investment costs
of the electricity sector (for both CCS scenarios) in 2016 (which is the period when CCS
employment is started). On the other hand, the fuel costs and total cost of the electricity
sector have decreasing trends (even though this decline is not very much) because coal
consumption is increasing over the planning horizon, and it is the cheapest alternative).
When total cost of the electricity sector is analyzed, it can be inferred that costs are higher

in the periods when new technologies are installed or current technologies are replaced.

The fuel costs of the CCS scenarios are higher than those in the RS_NUCF
scenario, at the end of the planning horizon. Investment costs of the CCS scenarios are
lower than those in the emission restriction scenarios and the nuclear scenarios (since
nuclear power installation and new investments to reduce CO, are more costly than
investment cost of CCS technologies). Furthermore, total costs of the CCS scenarios are
lower than those in the nuclear scenarios and the emission restriction scenarios. Regarding
fuel costs and total cost, the RS_CCSL scenario is better than the RS_CCSH scenario

towards the end of the planning horizon.
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5.2.4. The Tax Scenarios

In this set of scenarios, penalties per ton of CO, emissions are applied to encourage
CO, emissions reductions. Since there is a tax per ton of CO,, the model may prefer to
reduce CO, emission through deployment of more costly but less CO, emitting
technologies, in order to incur lesser penalties. It should be noted that in the tax scenarios,

the model is not directly forced to reduce the amount of CO, emission at all times.

In this group of scenarios three levels of tax are evaluated (10 TL, 20 TL and 40 TL
tax per tonne of CO, emissions). In the RS_TAX10 scenario, 10 TL tax per tonne of CO,
emissions is applied; in the RS_TAX20 scenario, 20 TL tax per tonne of CO, emissions is
applied; and in the RS_TAX40 scenario, 40 TL tax per tonne of CO, emissions is applied.
For the RS _TAX10, RS_TAX20, and RS_TAX40 scenarios, energy consumptions by
resources and share of these resources for the electricity sector are displayed in Tables
5.20, 5.21, 5.22, 5.23, 5.24 and 5.25, respectively.

Table 5.20. Energy consumptions of the electricity sector by resources in the RS_TAX10

scenario (PJ).

ENERGY 2006 | 2011 2016 | 2021 2026 | 2031 2036 | 2041 2046 2051
BIO ENERGY 0.0 24 6.1 51 1.6 0.9 0.0 0.0 0.0 0.0
COAL 571.3 | 536.1 | 804.0 | 798.7 |1,566.1|2,220.2 | 3,001.3 | 4,114.1|5,246.4 | 6,648.9
DIESEL 3.7 45 15 1.5 11 0.7 0.1 0.1 0.1 0.1
GEOTHERMAL 1.3 10.1 10.5 10.9 11.3 11.7 10.4 9.2 7.9 6.1
HEAVY FUEL OIL | 39.3 41 9.9 107.3 7.1 12.4 0.7 0.7 0.7 0.3
HYDRO 2185 | 2124 | 2123 | 212.4 | 2099 | 210.0 | 204.1 | 186.6 | 182.0 | 158.4
NATURAL GAS 4938 | 735.0 | 4813 | 778.7 | 666.7 | 672.2 | 622.2 | 659.2 | 805.6 | 978.8
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 72.0 92.1 88.4 106.4 | 103.3 | 46.7 234 214
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ANNUAL TOTAL |[1,328.0 |1,523.2|1,597.6 | 2,006.7 | 2,552.2 | 3,234.4 | 3,942.2 | 5,016.5 | 6,266.1 | 7,813.9
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Table 5.21. Share of energy consumptions in the electricity sector by resources in the

RS_TAXZ10 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.4 0.3 0.1 0.0 0.0 0.0 0.0 0.0
COAL 43.0 35.2 50.3 39.8 61.4 68.6 76.1 82.0 83.7 85.1
DIESEL 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.7 0.7 0.5 0.4 0.4 0.3 0.2 0.1 0.1
HEAVY FUEL OIL 3.0 0.3 0.6 5.3 0.3 0.4 0.0 0.0 0.0 0.0
HYDRO 16.5 13.9 13.3 10.6 8.2 6.5 52 3.7 2.9 2.0
NATURAL GAS 37.2 48.3 30.1 38.8 26.1 20.8 15.8 13.1 12.9 12.5
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.2 4.5 4.6 3.5 3.3 2.6 0.9 0.4 0.3
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL PERCENTAGE 100 100 100 100 100 100 100 100 100 100

Table 5.22. Energy consumptions of the electricity sector by resources in the RS_ TAX20

scenario (PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 2.4 6.1 51 1.9 0.9 0.0 0.0 0.0 0.0
COAL 5713 | 536.1 | 804.0 | 798.7 |1,4825 |2,123.1|2,913.1 | 4,046.6 | 5,173.1 | 6,587.6
DIESEL 3.7 4.5 1.5 1.5 1.0 0.5 0.1 0.1 0.1 0.1
GEOTHERMAL 1.3 10.1 10.5 10.9 11.3 11.7 10.4 9.2 7.9 6.6
HEAVY FUEL OIL 39.3 4.1 9.9 105.4 6.4 115 0.6 0.5 0.5 0.3
HYDRO 2185 | 2186 | 2185 | 2186 | 2185 | 218.6 | 2146 | 1951 | 1905 | 160.6
NATURAL GAS 4938 | 7350 | 4744 | 769.0 | 704.7 | 7155 | 665.5 | 658.0 | 805.0 | 977.3
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 72.0 92.1 89.0 106.4 | 108.7 64.1 48.4 44.6
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ANNUAL TOTAL 1,328.0 | 1,529.3 | 1,596.9 | 2,001.2 | 2,515.2 | 3,188.1 | 3,912.8 | 4,973.6 | 6,225.5 | 7,777.1

Table 5.23. Share of energy consumptions in the electricity sector by resources in the

RS_TAX20 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.4 0.3 0.1 0.0 0.0 0.0 0.0 0.0
COAL 43.0 35.1 50.3 39.9 58.9 66.6 744 81.4 83.1 84.7
DIESEL 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.7 0.7 0.5 0.4 0.4 0.3 0.2 0.1 0.1
HEAVY FUEL OIL 3.0 0.3 0.6 53 0.3 0.4 0.0 0.0 0.0 0.0
HYDRO 16.5 143 13.7 10.9 8.7 6.9 55 3.9 3.1 2.1
NATURAL GAS 37.2 48.1 29.7 38.4 28.0 224 17.0 13.2 12.9 12.6
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.2 4.5 4.6 3.5 3.3 2.8 13 0.8 0.6
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL PERCENTAGE 100 100 100 100 100 100 100 100 100 100
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Table 5.24. Energy consumptions of the electricity sector by resources in the RS_TAX40

scenario (PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 2.4 6.1 51 1.6 0.9 0.0 0.0 0.0 0.0
COAL 5713 | 536.1 | 7228 | 7175 |1,411.1|2,128.8 |2,892.1 | 3,809.4 | 4,923.3 | 6,215.8
DIESEL 3.7 4.6 1.3 13 0.9 0.5 0.1 0.1 0.1 0.1
GEOTHERMAL 1.3 10.1 10.5 10.9 11.3 11.7 10.4 9.2 7.9 6.6
HEAVY FUEL OIL 39.3 4.7 8.6 47.4 5.8 115 0.6 0.6 0.6 0.3
HYDRO 2185 | 2186 | 2583 | 2584 | 258.3 | 2584 | 2555 | 250.8 | 248.2 | 220.5
NATURAL GAS 4938 | 7350 | 4575 | 755.2 | 7275 | 7358 | 6858 | 7645 | 9265 | 1,180.1
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 72.0 108.6 | 1109 | 1420 | 158.6 | 171.6 | 149.0 | 156.1
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ANNUAL TOTAL 1,328.0 | 1,530.0 | 1,537.0 | 1,904.4 | 2,527.4 | 3,289.5 | 4,003.0 | 5,006.1 | 6,255.6 | 7,779.5

Table 5.25. Share of energy consumptions in the electricity sector by resources in the

RS_TAXA40 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.4 0.3 0.1 0.0 0.0 0.0 0.0 0.0
COAL 43.0 35.0 47.0 37.7 55.8 64.7 722 76.1 78.7 79.9
DIESEL 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.7 0.7 0.6 0.4 0.4 0.3 0.2 0.1 0.1
HEAVY FUEL OIL 3.0 0.3 0.6 2.5 0.2 0.4 0.0 0.0 0.0 0.0
HYDRO 16.5 143 16.8 13.6 10.2 7.9 6.4 5.0 4.0 2.8
NATURAL GAS 37.2 48.0 29.8 39.7 28.8 22.4 17.1 15.3 14.8 15.2
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.2 4.7 57 44 4.3 4.0 3.4 2.4 2.0
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL PERCENTAGE 100 100 100 100 100 100 100 100 100 100

One key observation in the tax scenarios is that nuclear energy is not preferred to

generate electricity not only in the base scenario, but also in these scenarios. However, as

the tax amount increases, coal consumption deceases, in the meantime hydro, natural gas

and wind energy consumptions increase. Since coal is the greatest contributor to CO,

emissions, the fuel consumption for electricity generation shifts from coal to hydro, natural

gas and wind (which are clean energy alternatives). Besides, as it can be inferred from
Tables 5.20, 5.21, 5.22, 5.23, 5.24 and 5.25 that when tax is applied on per ton of CO,, bio

energy, diesel, geothermal, heavy fuel oil and solar energy consumptions remain nearly the

same as those in the base scenario.
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Coal consumptions in the emission restriction scenarios are lower than those in the
tax scenarios, but coal consumptions in the CCS scenarios are higher than those in the tax
scenarios. However, hydro power in the emission restriction scenarios are lower than those
in the tax scenarios. Natural gas consumptions in the RS_C 20 scenario is higher than
those in the tax scenarios, but natural gas consumptions in the RS_C_40 scenario is lower
than those in the tax scenarios. Wind energy consumptions in the emission restriction

scenarios are higher than those in the tax scenarios except for the RS_TAX40 scenario.

Heavy fuel oil consumptions in the CCS scenarios are higher than those in the tax
scenarios. Natural gas consumption in the RS_CCSL scenario is lower than those in the tax
scenarios. Hydro and wind energy consumptions in the CCS scenarios and nuclear
scenarios are lower than those in the tax scenarios. On the other hand, geothermal and
nuclear consumptions in the nuclear scenarios are higher than those in the tax scenarios
because of the nuclear power enforcement and increased availability of the cheaper
geothermal option in the nuclear scenarios. Coal consumptions in the nuclear scenarios are
lower than those in the tax scenarios, which further underlines how large a shift away from
coal nuclear energy brings about. Therefore, nuclear scenarios are more powerful than tax

scenarios in terms of reducing coal consumption.
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Figure 5.18. CO, Emissions of the electricity sector in the RS_TAX10 scenario.
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Figure 5.19. CO; Emissions of the electricity sector in the RS_TAX20 scenario.
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Figure 5.20. CO;, Emissions of the electricity sector in the RS_TAX40 scenario.

When Figures 5.18, 5.19 and 5.20 are analyzed, it can be seen that increasing tax

amounts result in diminishing CO; emissions. The “RS TAX10” and “RS TAX20”

scenarios are very similar in terms of CO, emissions because the decreasing rate of total

electricity sector CO, emissions in the “RS TAXI10” and “RS TAX20” scenarios

compared to that of the base scenario are 4% and 6% (at the end of the planning horizon),

respectively. However, the difference in the RS_TAXA40 scenario is more explicit because

the decrease rate of total electricity sector CO, emissions in this scenario is 35% compared

to that of the base scenario.



78

CO; emissions in the tax scenarios are higher than those in the emission restriction
scenarios, but lower than those in the CCS scenarios. When these results are compared to
those in the nuclear scenarios, it can be concluded that the emissions in the RS_NUCF and
RS_C_40 scenarios are very similar. Also the emissions in the RS_NUCS and RS_C_20

scenarios are almost the same.
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Figure 5.21. Costs of the electricity sector in the RS_TAX10 scenario (M pounds).
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Figure 5.22. Costs of the electricity sector in the RS_TAX20 scenario (M pounds).



79

5,000 60%
4500 .
4,000 50%
3.500 40%
3.000 0
2,500 30%
2.000
1,500 20%
1,000 0
500 10%

0%

2006|2011 {2016 | 2021|2026 | 2031|2036 | 2041 | 2046 | 2051

mm Fuel Costs 1,604|1,399|1,311|1,224(1,215|1,227|1,221|1,198(1,104(1,014

Investment Costs 0 | 158 |1,912(1,775|2,479(2,611|2,642(2,270|1,632|1,152
mmm Other Costs 767 | 520 | 972 |1,029| 966 | 919 | 789 | 705 | 685 | 710
= Total Cost 2,371|2,078|4,195|4,027|4,660|4,756|4,652|4,173|3,422|2,875
= Share of Investment Cost| 0% | 8% |46% | 44% | 53% | 55% | 57% | 54% | 48% | 40%

Figure 5.23. Costs of the electricity sector in the RS_TAXA40 scenario (M pounds).

The applied tax amount is not directly proportional to the total system cost. The
underlying reason of this is that the MARKAL model does not treat taxes as costs (since
producers or consumers pay the emission taxes to the governments which result in revenue

in the model). So, the model is optimized under this assumption.

Table 5.26. The tax results for each period in tax scenarios.

. Electricity Total
Scenarios |2006{2011| 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051 | Total Tax
Sector Cost |System Cost

BASE 0 0 0 0 0 0 0 0 0 0 0 174,003 3,588,205
RS_TAX10 | O 0 |1,148|1,154|1,174|1,154|1,141|1,147{1,144|1,155| 46,084 174,189 3,588,731
RS_TAX20 | O 0 12,181(2,172|2,217|2,215|2,205(2,209|2,236|2,273| 88,543 175,117 3,590,646
RS_TAX40 | O 0 |4,191|4,147|3,781|3,602|3,695(3,756|3,961|4,146| 156,391 186,047 3,608,640

When the costs in the tax scenarios are compared to those in the base scenario, the
cost differences are very slight. The total cost of the RS_TAX10 scenario is slightly higher
than that of the base scenario. Especially, the difference between costs of these scenarios is
recognizable in investment costs because the investment costs of the RS_TAX10 scenario

are higher than those in the base scenario.
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When the costs in the RS _TAX20 scenario are compared to those in the
RS_TAX10 scenario, it can be seen that fuel costs in the RS_TAX20 are higher than those
in the RS_TAX10 scenario. When the costs in the RS_TAX40 scenario are analyzed, the
fuel costs, investment costs and other costs are higher than those in the RS_TAX10 and
RS_TAX20 scenarios.

When the cost results of the CCS scenarios and tax scenarios are compared, it can
be seen that the difference among the total costs of those scenarios are negligible except
for the RS_TAX40 scenario. The cost difference of the RS_TAX40 scenario is mostly

caused by investments.

When the costs of the tax scenarios are compared to the costs of nuclear scenarios,
fuel costs of the RS_NUCF scenario is lower than those in the tax scenario towards the end
of the planning horizon. However, investment costs of the RS_NUCF scenario are higher
than those in the tax scenarios. Investment costs of the RS_NUCS scenario are higher than
those in the RS_TAX10 and RS_TAX20 scenarios.

The investment and fuel costs of the RS_C_40 scenario are higher than those in the
tax scenarios. Since the model does not treat taxes as penalties, there are no significant

changes in the tax scenarios in terms of costs.

5.2.5. The Fuel Price Increase Scenarios

Turkey is heavily dependent on imported energy resources for most of its electricity
generation. Therefore, in this section, fuel price increase scenarios, which are the “40%
Fuel Price Increase” and the “80% Fuel Price Increase”, are generated and their results are

analyzed in order to see the effects of import dependence of Turkey.

In the “40% Fuel Price Increase” scenario, which is named the RS_FP40 scenario,
the price of natural gas, heavy fuel oil and imported coal is increased by 40% beyond
2016. Likewise, in the “80% Fuel Price Increase” scenario, which is named the RS_FP80
scenario, the price of natural gas, oil, heavy fuel oil and imported coal is increase by 80%
beyond 2016. For the RS _FP40 and RS_FP80 scenarios, energy consumptions by
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resources and share of these resources for the electricity sector are displayed in Tables
5.27,5.28, 5.29 and 5.30, respectively.

Table 5.27. Energy consumptions of the electricity sector by resources in the RS_FP40

scenario (PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 2.4 5.8 6.0 2.1 0.9 0.0 0.0 0.0 0.0
COAL 5713 | 536.1 |1,1824|1,177.1|1,925.7 | 2,521.8 | 3,582.8 | 4,786.0 | 6,072.2 | 7,677.4
DIESEL 3.7 4.5 15 1.8 0.7 0.3 0.0 0.1 0.1 0.1
GEOTHERMAL 13 10.1 10.5 10.9 113 11.7 10.4 9.2 7.9 6.6
HEAVY FUEL OIL 39.3 41 9.9 9.9 4.7 2.1 0.0 0.3 0.3 0.3
HYDRO 2185 | 2186 | 217.0 | 2186 | 213.7 | 2126 | 2108 | 2123 | 209.4 | 1753
NATURAL GAS 4938 | 7350 | 3183 | 676.3 | 448.8 | 485.0 | 121.0 241 28.9 31.9
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 72.0 92.1 88.4 106.4 | 1135 69.0 53.2 55.5
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ANNUAL TOTAL 1,328.0 | 1,529.3 | 1,817.3 | 2,192.6 | 2,695.4 | 3,340.8 | 4,038.5 | 5,100.9 | 6,372.0 | 7,947.1

Table 5.28. Share of energy consumptions in the electricity sector by resources in the
RS_FP40 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.3 0.3 0.1 0.0 0.0 0.0 0.0 0.0
COAL 43.0 35.1 65.1 53.7 714 75.5 88.7 93.8 95.3 96.6
DIESEL 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.7 0.6 0.5 0.4 0.3 0.3 0.2 0.1 0.1
HEAVY FUEL OIL 3.0 0.3 0.5 0.4 0.2 0.1 0.0 0.0 0.0 0.0
HYDRO 16.5 143 11.9 10.0 7.9 6.4 5.2 4.2 3.3 2.2
NATURAL GAS 37.2 48.1 175 30.8 16.7 14.5 3.0 0.5 0.5 0.4
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.2 4.0 4.2 3.3 3.2 2.8 1.4 0.8 0.7
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL PERCENTAGE 100 100 100 100 100 100 100 100 100 100
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Table 5.29. Energy consumptions of the electricity sector by resources in the RS_FP80

scenario (PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 24 5.1 5.7 29 1.8 0.5 0.0 0.0 0.0
COAL 571.3 | 536.1 | 904.2 | 8989 |1,537.1 | 2,053.4 | 2,889.9 | 3,871.3 | 5,305.7 | 6,892.1
DIESEL 3.7 4.5 1.6 1.7 0.4 0.2 0.1 0.0 0.0 0.0
GEOTHERMAL 13 10.1 105 10.9 11.3 11.7 10.4 9.2 7.9 6.6
HEAVY FUEL OIL | 393 41 9.9 9.9 2.3 11 0.4 0.0 0.0 0.0
HYDRO 2185 | 218.6 | 394.7 | 4947 | 493.1 | 493.0 | 4922 | 491.0 | 489.4 | 460.0
NATURAL GAS 4938 | 7350 | 147.9 | 1533 23.6 83.2 0.0 0.0 0.0 0.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 72.0 1852 | 1822 | 2187 | 2353 | 2483 | 149.0 | 156.1
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ANNUAL TOTAL |1,328.0 | 1,529.3 | 1,546.0 | 1,760.2 | 2,252.8 | 2,862.9 | 3,628.6 | 4,619.7 | 5,952.1 | 7,514.9

Table 5.30. Share of energy consumptions in the electricity sector by resources in the

RS_FP80 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0
COAL 43.0 35.1 58.5 511 68.2 717 79.6 83.8 89.1 91.7
DIESEL 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.7 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.1
HEAVY FUEL OIL 3.0 0.3 0.6 0.6 0.1 0.0 0.0 0.0 0.0 0.0
HYDRO 16.5 143 255 28.1 21.9 17.2 13.6 10.6 8.2 6.1
NATURAL GAS 37.2 48.1 9.6 8.7 1.0 2.9 0.0 0.0 0.0 0.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.2 4.7 10.5 8.1 7.6 6.5 5.4 2.5 2.1
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL PERCENTAGE 100 100 100 100 100 100 100 100 100 100

As can be inferred from Tables 5.27, 5.28, 5.29 and 5.30, in the 40% and 80% fuel

price increase scenarios, natural gas consumption gets lower whereas hydro and wind

energy consumptions get higher, compared to those in the base scenario. Also, bio energy

consumption is slightly higher than that of the base scenario. Besides, the use of diesel and

heavy fuel oil slowly decrease and from 2041, these fuels are not used to generate

electricity.
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The behavior of coal consumption is of interest: it is increasing in the RS_FP40
scenario, while it decreases in the RS_FP80 scenario. In other words, although coal has an
increasing trend over the planning horizon in both fuel price scenarios, its consumption in
the RS_FP80 scenario becomes lower than that of the base scenario from 2026 onwards.
This is probably because, when domestic lignite reserves are depleted, the model must
divert to imported coal. However, because of its high price, amount of imported coal

becomes lower than that in the base scenario.

When the fuel price scenarios are compared to the nuclear scenarios, coal
consumption in the RS_NUCF scenario is lower than that of the fuel price scenarios. Coal
consumption in the RS_NUCS scenario is higher than that of the RS_FP80 scenario, but
lower than that of the RS_FP40 scenario. Moreover, hydro and wind energy consumptions
in the nuclear scenarios are lower than those in the fuel price scenarios, but natural gas
consumption in the nuclear scenarios are higher than those in the fuel price scenarios. This
results show that fuel price scenarios give significant importance to renewables (such as

hydro and wind energy).

Similar to the nuclear scenarios, hydro and wind energy consumptions in the CCS
scenarios are lower than those in fuel price scenarios, but natural gas consumptions in the
CCS scenarios are higher than those in fuel price scenarios. In addition, coal consumptions
in the CCS scenarios are lower than those in the RS_FP40 scenario, but higher than those
in the RS_FP80 scenario.
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Figure 5.24. CO, Emissions of the electricity sector in the RS_FP40 scenario.
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Figure 5.25. CO, Emissions of the electricity sector in the RS_FP80 scenario.

Since coal has a great influence on CO, emissions, as its consumption gets lower in
the RS_FP80 scenario, compared to that of the RS_FP40 scenario, the CO, emissions in
the RS_FP80 scenario become lower than those in the RS_FP40 scenario. Also, it should
be mentioned that total electricity sector CO, emissions in the RS_FP40 scenario are
higher than those in the base scenario. However, total electricity sector CO, emissions in

the RS_FP80 scenario are about 15% lower than those in the base scenario.

Furthermore, when CO, emissions of the electricity sector in these fuel price
scenarios are compared to those in the emission restriction scenarios, it is obvious that
emission restriction scenarios are more environmentally friendly since their CO, emissions
are lesser. On the other hand, when fuel price scenarios are compared to those in the
nuclear scenarios, electricity sector CO, emissions in the RS_NUCF scenario are lower
than those in the fuel price scenarios. Electricity sector CO, emissions in the RS_NUCS
scenario are higher than those in the RS_FP80 scenario, but lower than those in the
RS_FP40 scenario.
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2006|2011 |2016 2021|2026 | 2031|2036 | 2041 [ 2046 | 2051
mmm Fuel Costs 1,626/1,568|1,498(1,506|1,354|1,604|1,596|1,545|1,444|1,346
m Investment Costs 0 | 278 |1,906/1,554(2,236|2,243|2,504/|2,017|1,502|1,071
mmm Other Costs 771 | 609 |1,051(1,059| 957 | 896 | 821 | 722 | 724 | 770
== Total Cost 2,397(2,455|4,455|4,119|4,547|4,742|4,921|4,284,3,670(3,187
= Share of Investment Cost| 0% | 11% | 43% | 38% | 49% | 47% | 51% | 47% | 41% | 34%

Figure 5.26. Costs of the electricity sector in the RS_FP40 scenario (M pounds).

When the costs in the RS_FP40 scenario are compared with the costs in the base
scenarios, as can be expected, the most remarkable difference is in the fuel costs (because
of the increase in the fuel prices by 40%). It also should be mentioned that, though the total
costs of the electricity sector increases, the share of investment cost decreases compared to
the base scenario (the difference of the investment costs between these scenarios being

very low).
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2006/2011|2016|2021|2026|2031|2036|2041|2046 (2051
mmm Fuel Costs 1,628(1,532|1,612|1,562(1,430/1,776(1,801|1,780(1,717|1,589
m Investment Costs 0 | 278 |2,343|2,337(2,910/2,809(2,817|2,362|1,606|1,128
mmm Other Costs 772 | 601 (1,230/1,416|1,236/1,109| 951 | 835 | 787 | 826
== Total Cost 2,400|2,411/5,185(5,315|5,576(5,693|5,569|4,977(4,110|3,543
= Share of Investment Cost| 0% | 12% | 45% | 44% | 52% | 49% | 51% | 47% | 39% | 32%

Figure 5.27. Costs of the electricity sector in the RS_FP80 scenario (M pounds).
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When the costs in the RS_FP80 scenario are compared to the costs in the RS_FP40
scenario, it can be seen that total fuel costs are up 9%, while total costs are up to 15%. On
the other hand, investment costs are up to 21%. In 2016, the year which fuel prices are
started to increase, the investment costs are increased sharply in these two scenarios

because the model invest in new technologies, such as wind and bio energy technologies.

Additionally, when the costs of these fuel price scenarios are compared to those in
the emission restriction scenarios, the fuel costs in the RS_C_20 scenario are lower than
those in the fuel price scenarios, but the fuel costs in the RS_C_40 scenarios are lower than
those in the fuel price scenarios from 2031 onwards. Total electricity costs in the fuel price
scenarios are lower than those in the RS_C_40 scenario, but higher than those in the
RS_C_20 scenario. This shows that reducing CO, emissions 40% is fairly expensive.
When the costs in the fuel price scenarios are compared to those in the nuclear scenarios, it
can be observed that fuel costs are higher and investment costs are lower than those in the
nuclear scenarios. The underlying reason is that nuclear power installation is fairly costly
but nuclear power utilization does not result in high fuel costs. Total electricity sector costs
in the RS_FP80 scenario are the highest among the fuel price and the nuclear scenarios.
Total electricity sector costs in the RS_FP40 scenario are lower than those in the
RS_NUCF scenario and higher than the RS_NUCS scenario. This is mostly due to high
fuel prices in the RS_FP80 scenario.

5.2.6. The Emission Restriction and Tax Scenario

The following scenarios are the “combination scenarios” which are accomplished
by combining the previous individual scenarios. Henceforth, in the following subsections,
new scenarios are created by binary, ternary or quadruple combinations of these individual

scenarios.

In the first combination scenario, which is named the C_40TAX2 scenario, 40%
emission reduction scenario is integrated with the 20 TL tax per tonne of CO, scenario, in
order to measure the combined effects of emission reduction enforcement and taxes.

Energy consumptions of this scenario are depicted in Tables 5.31 and 5.32.
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Table 5.31. Share of energy consumptions in the electricity sector by resources in the
C_40TAX2 scenario (%).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 24 58 6.0 2.6 0.9 0.0 0.0 0.0 0.0
COAL 5713 | 348.1 0.0 22.0 752.0 | 1,510.6 | 2,613.7 | 3,956.8 | 5,288.4 | 7,368.2
DIESEL 4.6 3.9 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.1
GEOTHERMAL 1.3 10.1 105 10.9 11.3 11.7 10.4 9.2 7.9 6.6
HEAVY FUEL OIL 38.4 0.8 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0
HYDRO 2185 | 2186 | 532.0 | 5324 | 532.2 | 531.6 | 506.7 | 4985 | 4924 | 4513
NATURAL GAS 4928 | 7350 | 373.6 | 7350 | 6333 | 639.3 | 5153 | 5393 | 650.1 | 6725
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 1419 | 1852 | 187.6 | 2187 | 2353 | 1784 | 168.1 | 1847
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ANNUAL TOTAL 1,326.9 | 1,337.5| 1,063.7 | 1,491.4 | 2,118.9 | 2,912.7 | 3,881.8 | 5,182.1 | 6,607.0 | 8,683.4

Table 5.32. Share of energy consumptions in the electricity sector by resources in the
C_40TAX2 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.5 0.4 0.1 0.0 0.0 0.0 0.0 0.0
COAL 431 26.0 0.0 15 355 51.9 67.3 76.4 80.0 84.9
DIESEL 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.8 1.0 0.7 0.5 0.4 0.3 0.2 0.1 0.1
HEAVY FUEL OIL 29 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYDRO 16.5 16.3 50.0 35.7 25.1 18.3 13.1 9.6 7.5 52
NATURAL GAS 37.1 55.0 35.1 49.3 29.9 21.9 13.3 10.4 9.8 1.7
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.4 133 12.4 8.9 7.5 6.1 3.4 2.5 2.1
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL PERCENTAGE 100 100 100 100 100 100 100 100 100 100

As shown in Table 5.32, when CO, emissions are bounded and tax is applied on

CO; emissions beyond the year 2016, the consumption of coal (which is the main

contributor of CO, emissions in electricity generation sector) immediately decreases to

zero. The most dominant fuel resource becomes hydro energy, and then natural gas (whose

consumptions in this scenario are higher than those in the base scenario) follows it.

However, over the planning horizon, the consumption of coal quickly rebounds and

steadily increases again to become the most dominant fuel type (with 84.9%) by the end of

the planning horizon. Also, the consumption of hydro energy decreases each year but it is

still greater than its level in the base scenario.
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Figure 5.28. CO, Emissions of the electricity sector in the C_40TAX2 scenario.

As can be seen in Figure 5.28, in this scenario the total CO, emissions are initially

reduced by 40% (in 2016, which is the period that the constraints of this scenario become

active). Because of the emission restriction and tax applications, CO, emissions in this

scenario are lower than those in the base scenario. The decreasing rate of the CO,

emissions is 67% in 2021 and 85% at the end of the planning horizon compared to the base

scenario. On the other hand, the level of CO, emission over the planning horizon is the

same as the one in RS_C_40.
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Figure 5.29. Costs of the electricity sector in the C_40TAX2 scenario (M pounds).
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As shown in Figure 5.28, in the C_40TAX2 scenario, there is a sharp increase in
the investment costs in 2016 (while there is some decrease in). Since CO, emissions are
reduced by 40% and tax is applied per tonne of CO,, the model invests in new technologies
that result in high investment costs (instead of using conventional technologies which use
fossil fuel energy carriers). When these costs are compared with costs in the base scenario,
total cost in the base scenario is lower than the total cost of this scenario. Also, the fuel
cost of this alternative scenario is higher than the fuel cost of the base scenario (except for
the last two periods). It is worth mentioning that the costs in the C_40TAX2 scenario are

nearly the same as those in the RS_C_40 scenario likewise CO; emissions.

5.2.7. The Emission Restriction and Fuel Price Increase Scenario

In this scenario, which is named as “C 40FP80”, the 40% emission reduction
constraint is combined with the 80% fuel price increase, in order to see their combined
influence the electricity sector. Energy consumptions by resources and share of these
resources for electricity sector in this scenario are displayed in Tables 5.33 and 5.34,

respectively.

Table 5.33. Energy consumptions of the electricity sector by resources in the C_40FP80

scenario (PJ).

ENERGY 2006 2011 | 2016 | 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 3.0 4.5 57 1.9 0.9 0.0 0.0 0.0 0.0
COAL 5713 | 3140 | 683 | 319.7 | 1415 82.0 926.5 | 925.0 | 2,332.5 | 4,227.7
DIESEL 3.7 3.9 0.0 0.3 0.1 0.1 0.1 0.0 0.0 0.0
GEOTHERMAL 13 10.1 10.5 10.9 113 11.7 104 9.2 7.9 6.6
HEAVY FUEL OIL 39.3 0.6 0.0 1.7 0.7 0.7 0.4 0.0 0.0 0.0
HYDRO 2185 | 2186 | 7194 | 756.7 | 755.9 | 7545 | 754.0 | 753.0 | 7516 | 7222
NATURAL GAS 4938 | 7350 | 291 24.2 4.1 2.7 2.7 0.0 0.0 0.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 | 1419 | 1852 | 201.9 | 2653 | 3051 | 3415 | 377.7 | 4176
NUCLEAR 0.0 0.0 0.0 184.6 | 1,139.9 | 1,954.0 | 1,954.0 | 3,366.1 | 3,366.1 | 3,366.1
ANNUAL TOTAL |1,328.0 | 1,303.8 | 973.7 | 1,489.0 | 2,257.2 | 3,071.8 | 3,953.1 | 5,394.7 | 6,835.7 | 8,740.3
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Table 5.34. Share of energy consumptions in the electricity sector by resources in the
C_40FP80 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.5 0.4 0.1 0.0 0.0 0.0 0.0 0.0
COAL 43.0 24.1 7.0 215 6.3 2.7 234 17.1 341 48.4
DIESEL 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.8 11 0.7 0.5 0.4 0.3 0.2 0.1 0.1
HEAVY FUEL OIL 3.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
HYDRO 16.5 16.8 73.9 50.8 335 24.6 19.1 14.0 11.0 8.3
NATURAL GAS 37.2 56.4 3.0 1.6 0.2 0.1 0.1 0.0 0.0 0.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.4 14.6 12.4 8.9 8.6 7.7 6.3 55 4.8
NUCLEAR 0.0 0.0 0.0 12.4 50.5 63.6 494 62.4 49.2 38.5
TOTAL PERCENTAGE 100 100 100 100 100 100 100 100 100 100

As can be inferred from Table 5.33, in this scenario forced by the combined effect
of emission restrictions and high fuel costs, the model starts to use nuclear energy by 2021.
Since there are no bounds on nuclear energy in this scenario, it increases to unrealistically
high levels (up to 60%), stabilizing at 38% at the end of the planning horizon. Although
coal consumption decreases until 2016, its share increases after 2021 and still becomes
dominant at the end of the planning horizon. Due to the increasing fuel prices, the model
prefers to consume minimum natural gas, heavy fuel oil and diesel in electricity

generation, so their fuel share is almost 0 by 2041.

The combined effect of emission restriction and fuel price increases is also visible
on hydro and wind energy usage. They both display significant increases (50.8% and
12.4% in 2021) slowly declining to 8.3% and 4.8% by the end of the planning horizon. Bio
energy consumption is also higher than that of the base scenario.
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Figure 5.30. CO, Emissions of the electricity sector in the C_40FP80 scenario.

When the results of the BASE, C_40FP80, RS_FP80 and RS_C_40 scenarios are
analyzed, it can be seen that the combined effects of emission reductions and fuel price
changes on CO, emissions is considerable. The electricity sector CO, emissions in the
RS C 40 scenario are lower than those in the RS _FP80 scenario. However, in this
combined scenario, the electricity sector CO, emissions are the lowest compared to these
individual scenarios (the RS_C 40 and the RS_FP80 scenarios). The decreasing rate of the
electricity sector CO, emissions in the RS_C_40 and the RS_FP80 scenarios (compared to
those in the base scenario) are 29% and 67% in 2021 and 9% and 85% by the end of the
planning horizon. On the other hand, the decreasing rate of the electricity sector CO,
emissions in the C_40FP80 scenario is 94% in 2021 and 93% by the end of the planning

horizon.



92

10,000

9,000

8,000

7,000

6,000

5,000

4,000

3,000

2,000

1,000
i 2006|2011|2016|2021|2026 | 2031|2036 | 2041 | 2046 | 2051
mmm Fuel Costs 1,617(1,519(2,014/|2,128|1,805(1,745(1,491|1,458|1,548(1,594
Investment Costs 0 | 122 |5,408|3,224|4,560|4,653|4,424|4,143|2,846(1,874
mmm Other Costs 767 | 533 |2,060/1,860(1,764(1,601|1,311(1,202|1,112|1,124
=T 0tal Cost 2,384/|2,174(9,482(7,212(8,129|7,999|7,226|6,803|5,505|4,592
== Share of Investment Cost| 0% | 6% |57% | 45% | 56% | 58% | 61% | 61% | 52% | 41%

70%
60%
50%
40%
30%
20%
10%
0%

Figure 5.31. Costs of the electricity sector in the C_40FP80 scenario (M pounds).

As can be seen in Figure 5.31, in the C_40FP80 scenario, there is a high increase in

investment costs compared the base scenario. Since the model is forced to decrease CO;

emission levels, there are investments in green technologies. Fuel costs are higher than

those of the base scenario because of the increased fuel prices. At the end of the planning

horizon, the total cost of the electricity sector in this alternative scenario is about two-fold

higher than the total cost of the electricity sector in the base scenario.

5.2.8. The Fuel Price Increase and Emission Tax Scenario

In this scenario, which is named the FP80TAX2 scenario, the 80% fuel price

increase scenario is integrated with the 20 TL tax per ton of CO, scenario in order to

measure the combined effects of fuel price increases and taxes. Energy consumptions by

resources and share of these resources for the electricity sector for the FP80TAX2 scenario

are displayed in Tables 5.35 and 5.36, respectively.
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Table 5.35. Energy consumptions of the electricity sector by resources in the FP80TAX2

scenario (PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 24 51 57 3.6 2.6 0.9 0.0 0.0 0.0
COAL 5713 | 536.1 | 801.8 | 798.7 | 1,340.4 | 1,606.4 | 2,420.9 | 3,389.1 | 4,802.4 | 6,380.2
DIESEL 3.7 4.5 1.6 1.7 0.3 0.2 0.1 0.0 0.0 0.0
GEOTHERMAL 1.3 10.1 105 10.9 11.3 11.7 10.4 9.2 7.9 6.6
HEAVY FUEL OIL 39.3 41 9.9 9.9 1.6 11 0.4 0.0 0.0 0.0
HYDRO 2185 | 2186 | 451.3 | 5324 | 531.6 | 530.8 | 530.0 | 528.7 | 527.2 | 497.9
NATURAL GAS 4938 | 7350 | 1059 | 1215 28.8 59.9 0.0 0.0 0.0 0.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 72.0 1852 | 1924 | 2653 | 2819 | 294.9 | 2147 | 231.2
NUCLEAR 0.0 0.0 0.0 0.0 0.0 3149 | 3149 | 3149 | 3149 | 3149
ANNUAL TOTAL 1,328.0 | 1,529.3 | 1,458.0 | 1,665.9 | 2,110.0 | 2,792.8 | 3,559.3 | 4,536.7 | 5,867.0 | 7,430.9

Table 5.36. Share of energy consumptions in the electricity sector by resources in the

FP80TAX2 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 00 | 02 0.4 0.3 0.2 0.1 0.0 0.0 0.0 0.0
COAL 430 | 351 | 550 | 479 | 635 | 575 | 68.0 | 747 | 819 | 859
DIESEL 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.7 0.7 0.7 0.5 04 | 03 0.2 0.1 0.1
HEAVY FUEL OIL 30 | 03 0.7 0.6 0.1 0.0 0.0 0.0 0.0 0.0
HYDRO 165 | 143 | 310 | 320 | 252 | 190 | 149 | 117 | 9.0 6.7
NATURAL GAS 372 | 481 | 7.3 7.3 1.4 2.1 0.0 0.0 0.0 0.0
SOLAR 00 | 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.2 49 | 111 | 91 95 7.9 6.5 3.7 3.1
NUCLEAR 00 | 00 0.0 0.0 00 | 113 | 88 6.9 54 | 42
TOTAL PERCENTAGE 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

As can be seen in Table 5.35, natural gas and heavy fuel oil consumptions have a

decreasing trend and they are not consumed beyond 2041. It is worth mentioning that

natural gas consumption has an increasing trend in the RS_TAX20 scenario but a

decreasing trend in this combined and the RS_FP80 scenarios. Even though, coal

consumption has an increasing trend in this scenario, it is lower than that of the base,

RS _FP80 and RS_TAX20 scenarios. On the other hand, hydro energy consumption is

about 2 or 3 folds higher than that of the base scenario and its increasing trend lasts until
2031. Hydro energy consumption is also higher than that of the RS_FP80 and RS_TAX20
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scenarios. Furthermore, wind energy consumption is higher than that of the base, RS_FP80
and RS_TAX20 scenarios and it has an increasing trend over the planning horizon.
Besides, nuclear power generation is starting by 2031. After 2031, although its
consumption remains the same, its share decreases over the planning horizon since total
electricity generation is increasing each period. One key reason of this increase in
renewables and clean energy alternatives and decrease in fossil fuels is the high fuel price

of fossil fuels. Tax application is another factor of this shifting from fossil fuels to

renewables.
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Figure 5.32. CO;, Emissions of the electricity sector in the FP80TAX2 scenario.

The decrease in fossil fuel consumptions results in lower CO, emissions when it is
compared to the base scenario. Also, the CO, emissions in this scenario are lower than
those in the RS_TAX20 and RS_FP80 scenarios. The decreasing rate of CO, emissions in
the FPBOTAX2 scenario is 16%, while this rate is 9% in the RS_FP80 scenario and 5% in

RS_TAX20 scenario (by the end of the planning horizon) compared to the base scenario.
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2006|2011|2016|2021|2026 (2031|2036 | 2041|2046 | 2051

mm Fuel Costs 1,628|1,540|1,593|1,539|1,440(1,691|1,763(1,746|1,690(1,633

Investment Costs 0 | 278 |2,561|2,333|2,924/3,171(3,063(2,538|1,740|1,179
mmm Other Costs 772 | 601 |1,302(1,428|1,239(1,181| 995 | 863 | 798 | 853
= Total Cost 2,400(2,419|5,456|5,299|5,603|6,043|5,821|5,147|4,228|3,665
= Share of Investment Cost| 0% | 11% | 47% | 44% | 52% | 52% | 53% | 49% | 41% | 32%

Figure 5.33. Costs of the electricity sector in the FP80TAX2 scenario (M pounds).

The fuel costs of the combined scenario are lower than those in the RS _FP80
scenario but higher than those in the RS_TAX20 scenario. Furthermore, investment costs
and total cost of this combined scenario are higher than those in the RS_FP80 and the
RS _TAX20 scenarios. Also, it should be mentioning that all costs in this combined
scenario are higher than those in the base scenario. The cost results also support the
observation that in this scenario the model encourages green technologies and invests in

those technologies.

5.2.9. The Emission Restriction, Fuel Price Increase and Tax Scenario

In this scenario, which is named the C4FP80T2 scenario, 40% emission reduction
scenario is integrated with 80% fuel price increase and the 20TL tax per ton of CO,
scenario, in order to measure the combined effects of emission reduction enforcement,
80% fuel price increase and taxes. For the C4FP80T2 scenario, energy consumptions by
resources and share of these resources for the electricity sector are displayed in Tables 5.37

and 5.38, respectively.
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Table 5.37. Energy consumptions of the electricity sector by resources in the C4FP80T2

scenario (PJ).

ENERGY 2006 2011 | 2016 | 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 3.0 4.5 57 1.9 0.9 0.0 0.0 0.0 0.0
COAL 5713 | 3140 | 68.3 | 319.7 | 1415 82.0 926.5 | 925.0 | 2,332.5 | 4,227.7
DIESEL 3.7 3.9 0.0 0.3 0.1 0.1 0.1 0.0 0.0 0.0
GEOTHERMAL 13 10.1 105 10.9 11.3 11.7 10.4 9.2 7.9 6.6
HEAVY FUEL OIL 39.3 0.6 0.0 1.7 0.7 0.7 0.4 0.0 0.0 0.0
HYDRO 2185 | 2186 | 719.4 | 756.7 | 755.9 | 7545 | 754.0 | 753.0 | 7516 | 7222
NATURAL GAS 4938 | 7350 | 29.1 24.2 4.1 2.7 2.7 0.0 0.0 0.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 | 1419 | 1852 | 201.9 | 2653 | 305.1 | 3415 | 377.7 | 4176
NUCLEAR 0.0 0.0 0.0 184.6 | 1,139.9 | 1,954.0 | 1,954.0 | 3,366.1 | 3,366.1 | 3,366.1
ANNUAL TOTAL 1,328.0 | 1,303.8 | 973.7 | 1,489.0 | 2,257.2 | 3,071.8 | 3,953.1 | 5,394.7 | 6,835.7 | 8,740.3

Table 5.38. Share of energy consumptions in the electricity sector by resources in the

C4FP80T2 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.5 0.4 0.1 0.0 0.0 0.0 0.0 0.0
COAL 43.0 24.1 7.0 215 6.3 2.7 23.4 171 341 48.4
DIESEL 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.8 11 0.7 0.5 0.4 0.3 0.2 0.1 0.1
HEAVY FUEL OIL 3.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
HYDRO 16.5 16.8 73.9 50.8 33.5 246 19.1 14.0 11.0 8.3
NATURAL GAS 37.2 56.4 3.0 1.6 0.2 0.1 0.1 0.0 0.0 0.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.4 14.6 12.4 8.9 8.6 7.7 6.3 55 4.8
NUCLEAR 0.0 0.0 0.0 12.4 50.5 63.6 49.4 62.4 49.2 385
TOTAL PERCENTAGE 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0

Table 5.37 displays that hydro consumption is increasing until 2021. After this

period, it has a decreasing trend however it is still higher than that of the base, the

RS_C_40 and the FP80TAX2 scenarios. Besides, wind energy consumption is increasing

each period and its consumption is higher than that of the base, the RS_C_ 40 and the

FP80TAX2 scenarios.

On the other hand, diesel consumption is decreasing and it is hardly consumed

beyond 2016 because it is one of the high CO, emission contributors in the model. The
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trend of coal consumption is not regular. However, its consumption is lower than that of
the base, the RS_C 40 and the FP80TAX2 scenarios and it reaches minimum level in the
period 2016. Natural gas consumption sharply decreases after 2011 and it is not consumed
anymore after 2041. Moreover, natural gas and heavy fuel oil consumptions in each period
are lower than those in the RS_C_40 and the FP80TAX2 scenarios. Moreover, the nuclear
energy consumption is sharply increasing from 2021 onwards. After coal, nuclear power
generation is the second important source of electricity generation in this scenario. Bio
energy consumption increases, although geothermal and solar consumptions almost remain

the same compared to the base scenario.

It must be mentioned that the energy consumptions in this scenario and the
C_40FP80 scenario are the same, which shows that additional 20 TL tax application does

not have any effect in this scenario.
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Figure 5.34. CO, Emissions of the electricity sector in the C4FP80T2 scenario.

Likewise energy consumptions, the CO, emissions are the same as those in the
C_40FP80 scenario. When the results of this scenario are compared to those in the base
scenario, the decreasing rate of CO, emissions is 93% by the end of the planning horizon.
Also, CO; emissions in this combined scenario are lower than those in the RS_FP80, the
RS _C 40 and the FP_80TAX2 scenarios.
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mm Fuel Costs 1,617|1,519/|2,014(2,128/|1,805(1,745|1,491(1,458|1,548(1,594

Investment Costs 0 | 122 |5,408|3,224|4,560|4,653|4,424|4,143|2,846|1,874
mmm Other Costs 767 | 533 |2,060|1,860|1,764(1,601|1,311(1,202(1,112(1,124
== Total Cost 2,384/2,174/|9,482|7,212|8,129|7,999|7,226|6,803|5,505(4,592
== Share of Investment Cost| 0% | 6% |57% |45% |56% | 58% | 61% | 61% | 52% | 41%

Figure 5.35. Costs of the electricity sector in the C4FP80T2 scenario (M pounds).

The costs of this scenario are almost the same as those in the C_40FP80 scenario.
Additionally, when the costs in this scenario are compared to those in the FP80TAX2 and
the RS_C_40 scenarios, it can be observed that investment costs and total cost in the
C4FP80T2 scenario are higher. Fuel costs in this scenario are also higher than those in the
FPB0TAX2 and the RS_C 40 scenarios till 2036. However, after 2036, the fuel costs in the
C4FP80T2 scenario become lower than those in the FP80TAX2 scenario. The primary
reason being that the model utilizes less cost energy alternatives (because of the fuel price

increase; fuel costs of natural gas, heavy fuel oil and coal get high in this scenario).

5.2.10. The Nuclear and Emission Tax Scenario

In this scenario, which is named the in the NUCFTAX2 scenario, the fast nuclear
scenario is integrated with 20 TL tax per tonne of CO, scenario in order to measure the
combined effects of nuclear energy and taxes. For this scenario, energy consumptions by
resources and share of these resources for the electricity sector are displayed in Tables 5.39
and 5.40, respectively.
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Table 5.39. Energy consumptions of the electricity sector by resources in the NUCFTAX2

scenario (PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 24 52 4.2 1.9 0.9 0.0 0.0 0.0 0.0
COAL 571.3 | 536.1 | 7385 | 733.2 |1,229.2|1,663.3 | 2,074.8 | 2,771.8 | 3,364.7 | 4,034.5
DIESEL 3.7 4.5 1.3 13 11 0.6 0.1 0.1 0.1 0.1
GEOTHERMAL 1.3 10.1 15.7 16.3 16.9 17.5 15.6 13.7 11.8 9.9
HEAVY FUEL OIL 39.3 4.4 8.6 32.3 7.1 12.2 0.5 0.4 0.4 0.3
HYDRO 2185 | 200.4 | 2004 | 2004 | 200.3 | 200.4 | 199.8 | 189.5 | 189.5 | 180.0
NATURAL GAS 4938 | 7350 | 4813 | 7350 | 6733 | 684.1 | 7226 | 7423 | 9246 |1,177.1
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 61.6 72.2 69.2 86.6 88.8 54.6 48.4 48.4
NUCLEAR 0.0 0.0 140.2 | 343.8 | 541.7 | 821.7 |1,200.7|1,717.4|2,392.1 | 3,285.2
ANNUAL TOTAL 1,328.0 | 1,511.5 | 1,652.7 | 2,138.7 | 2,740.6 | 3,487.1 | 4,302.7 | 5,489.8 | 6,931.7 | 8,735.5

Table 5.40. Share of energy consumptions in the electricity sector by resources in the
NUCFTAX2 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.0
COAL 43.0 355 44.7 34.3 44.9 47.7 48.2 50.5 48.5 46.2
DIESEL 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.7 1.0 0.8 0.6 0.5 0.4 0.2 0.2 0.1
HEAVY FUEL OIL 3.0 0.3 0.5 1.5 0.3 0.3 0.0 0.0 0.0 0.0
HYDRO 16.5 133 12.1 9.4 7.3 5.7 4.6 3.5 2.7 2.1
NATURAL GAS 37.2 48.6 29.1 344 24.6 19.6 16.8 135 13.3 135
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.2 3.7 3.4 2.5 2.5 21 1.0 0.7 0.6
NUCLEAR 0.0 0.0 8.5 16.1 19.8 23.6 27.9 31.3 345 37.6
TOTAL PERCENTAGE 100 100 100 100 100 100 100 100 100 100

As it is displayed in Table 5.39, bio energy, diesel and heavy fuel oil consumptions
are slightly lower than those in the base scenario. Although coal has an increasing trend
until 2041, its consumption is lower than that of the base scenario over the planning

horizon.

On the other hand, hydro energy consumption is higher than that of the base
scenario over the planning horizon, but it has a decreasing trend beyond 2031. Natural gas
consumption is also higher than that of the base scenario, but has an increasing profile
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except for the period 2026. Geothermal energy consumption is also increasing due to the
increased geothermal capacity. At the end of the planning horizon, nuclear power becomes

the second important source of electricity with a share of 37.6%.

When the results of this scenario are compared to the RS _NUCF and the
RS_TAX20 scenarios, coal consumption this combined scenario is the lowest in each
period. Natural gas consumption is higher than that of the RS_NUCF and the RS_TAX20
scenarios, while hydro energy consumption is higher than that of the RS_NUCF scenario.
As, consumptions of relatively clean energy types (natural gas, nuclear energy and hydro)

get higher, dependence on coal is greatly reduced.
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Figure 5.36. CO, Emissions of the electricity sector in the NUCFTAX2 scenario.

Although CO, emissions in this scenario have an increasing trend, the amount of
CO;, emission is lower than those in the base scenario. When the emission results of the
RS_NUCF, RS_TAX20 and NUCFTAX?2 scenarios are compared, it can be seen that the
CO; emissions in the RS_NUCF scenario is lower than those in RS_TAX20 scenario and

but CO, emissions in the NUCFTAX2 scenario are the lowest.
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mmm Other Costs 770 | 496 |1,023(1,126|1,046| 985 | 891 | 804 | 802 | 836
= Total Cost 2,381(1,982|4,506|4,443|4,995|5,032(5,176|4,630(3,903|3,309
= Share of Investment Cost| 0% | 6% |49% | 47% | 55% | 57% | 60% | 58% | 53% | 45%

Figure 5.37. Costs of the electricity sector in the NUCFTAX2 scenario (M pounds).

As can be inferred from Figure 5.36, the investment cost in the electricity
generation sector is highest compared to the base, the RS _NUCF and RS _TAX20
scenarios because of the greater investments into nuclear power plants and clean energy
types. However, in this scenario, towards the end of the planning horizon, fuel costs of the
electricity sector become lower than those in the base scenario, since nuclear power and

other clean energy types have less fuel costs.

5.2.11. The Nuclear and Fuel Price Increase Scenario

In this scenario, which is named the NUCFFP80 scenario, the fast nuclear scenario
is integrated with the 80% fuel price increase scenario in order to measure the combined
effects of nuclear energy and fuel price increase. For this scenario, energy consumptions
by resources and share of these resources for the electricity sector are displayed in Tables

5.41 and 5.42, respectively.
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Table 5.41. Energy consumptions of the electricity sector by resources in the NUCFFP80

scenario (PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 24 51 57 29 0.9 0.0 0.0 0.0 0.0
COAL 571.3 | 536.1 | 9443 | 939.1 |1,340.8 |1,486.6 | 2,163.1 | 2,765.4 | 3,717.3 | 4,653.2
DIESEL 3.7 4.5 1.6 1.7 0.4 0.2 0.1 0.0 0.0 0.0
GEOTHERMAL 1.3 10.1 15.7 16.3 16.9 17.5 15.6 13.7 11.8 9.9
HEAVY FUEL OIL 39.3 41 9.9 9.9 2.3 11 0.4 0.0 0.0 0.0
HYDRO 2185 | 2186 | 363.2 | 3946 | 393.2 | 3932 | 3922 | 391.0 | 389.6 | 360.4
NATURAL GAS 4938 | 735.0 88.1 94.6 24.6 27.8 0.0 0.0 0.0 0.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 72.0 1852 | 1822 | 218.7 | 2353 | 2483 | 149.0 | 156.1
NUCLEAR 0.0 0.0 162.2 | 4102 | 621.2 |1,211.5|1,320.2 | 1,859.7 | 2,589.3 | 3,564.8
ANNUAL TOTAL 1,328.0 | 1,529.3 | 1,662.2 | 2,057.2 | 2,584.5 | 3,357.4 | 4,126.8 | 5,278.1 | 6,857.1 | 8,744.4

Table 5.42. Share of energy consumptions in the electricity sector by resources in the

NUCFFP80 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.3 0.3 0.1 0.0 0.0 0.0 0.0 0.0
COAL 430 | 351 | 568 | 456 | 519 | 443 | 524 | 524 | 542 | 532
DIESEL 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.7 0.9 0.8 0.7 0.5 0.4 0.3 0.2 0.1
HEAVY FUEL OIL 3.0 0.3 0.6 0.5 0.1 0.0 0.0 0.0 0.0 0.0
HYDRO 165 | 143 | 219 | 192 | 152 | 117 | 95 7.4 5.7 4.1
NATURAL GAS 372 | 481 | 53 4.6 1.0 0.8 0.0 0.0 0.0 0.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.2 43 9.0 7.0 6.5 5.7 4.7 2.2 18
NUCLEAR 0.0 0.0 98 | 199 | 240 | 361 | 320 | 352 | 37.8 | 408
TOTAL PERCENTAGE | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

Wind and hydro energy consumptions increase until 2041 and are higher than those

in the base scenario. Besides, geothermal consumption is also higher. Natural gas is not

consumed beyond 2036 and diesel and heavy fuel are also not consumed after 2041. Coal

consumption is decreased in this scenario compared to that of the base scenario (it has

53.2% share at the end of the planning horizon). Although there are increased fuel prices of

imported coal and enforcement of nuclear power, it is still the dominant energy resource at

the end of the planning horizon.
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When the results of this scenario are compared to the RS_NUCF and the RS_FP80
scenarios, it can be observed that there is decrease in the consumption of natural gas, heavy
fuel is also lower than that of the RS_NUCF scenario. Furthermore, hydro consumption is
lower than that of the RS_FP80 scenario, but higher than that of the RS_NUCF scenario.
After 2021, coal consumption becomes lesser than that of the RS_FP80 scenario, since the
energy consumption shifts from coal to nuclear energy compared to that of the RS_FP80
scenario. Wind energy consumption in this scenario and in the RS_FP80 scenario is nearly
the same. These are interesting impacts of the considered combination of fuel price

increases and nuclear enforcement.
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Figure 5.38. CO;, Emissions of the electricity sector in the NUCFFP80 scenario.

CO; emissions in this scenario have the expected increasing trend, but they are
lower than those in the base, RS _NUCF, and RS_FP80 scenarios; since the share of
nuclear (as a clean energy) is greater than that of these scenarios. The electricity sector
CO; emissions are reduced by 39% in the combined scenario (compared to the base
scenario), by the end of the planning horizon. This reduction is 35% in the RS_NUCF

scenario and 9% in the RS_FP80 scenario.
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Figure 5.39. Costs of the electricity sector in the NUCFFP80 scenario (M pounds).

As can be inferred from Figure 5.39, there is a prominent increase in the investment
costs in 2016 which is the period in which the enforcements are started to be implemented.
However, the investment costs in the electricity sector are decreasing after 2031. The fuel
costs on the other hand are higher than those in the base scenario. It is worth mentioning
that the total cost of the electricity sector in the NUCFTAX2 scenario is lower than that of
the NUCFFP80. This result shows that fuel price increase is more costly than the tax
application.

5.2.12. The Fast Nuclear, Fuel Price Increase and Emission Tax Scenario

In this scenario, which is named the NFP80T2 scenario, the fast nuclear scenario is
integrated with the 80% fuel price increase and the 20 TL tax per tonne of CO; scenario in
order to measure the combined effects of nuclear energy, fuel price increase and taxes. For
this scenario, energy consumptions by resources and share of these resources for the
electricity sector are displayed in Tables 5.43 and 5.44, respectively.
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Table 5.43. Energy consumptions of the electricity sector by resources in the NFP80T2

scenario (PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 24 51 51 29 1.8 0.9 0.0 0.0 0.0
COAL 571.3 | 536.1 | 7452 | 7434 |1,1054 | 8313 |1,566.5 |2,423.0 | 3,342.6 | 4,262.4
DIESEL 3.7 4.5 14 15 0.3 0.2 0.1 0.0 0.0 0.0
GEOTHERMAL 1.3 10.1 15.7 16.3 16.9 17.5 15.6 13.7 11.8 9.9
HEAVY FUEL OIL 39.3 41 8.4 8.4 2.2 11 0.4 0.0 0.0 0.0
HYDRO 2185 | 218.6 | 4434 | 4772 | 476.7 | 4759 | 4749 | 4737 | 4723 | 4429
NATURAL GAS 493.8 | 735.0 60.2 59.6 3.6 2.9 0.0 0.0 0.0 0.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 72.0 1852 | 1924 | 2653 | 2819 | 2949 | 2147 | 231.2
NUCLEAR 0.0 0.0 1625 | 4111 | 619.0 | 1,686.0 | 1,686.0 | 1,850.4 | 2,580.7 | 3,556.2
ANNUAL TOTAL 1,328.0 | 1,529.3 | 1,514.1 | 1,907.8 | 2,419.3 | 3,281.8 | 4,026.1 | 5,055.7 | 6,622.0 | 8,502.7

Table 5.44. Share of energy consumptions in the electricity sector by resources in the

NFP80T2 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 00 | 02 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0
COAL 430 | 351 | 492 | 390 | 457 | 253 | 389 | 479 | 505 | 50.1
DIESEL 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.7 1.0 0.9 0.7 0.5 0.4 0.3 0.2 0.1
HEAVY FUEL OIL 30 | 03 0.6 0.4 0.1 0.0 0.0 0.0 0.0 0.0
HYDRO 165 | 143 | 293 | 250 | 197 | 145 | 118 | 94 7.1 5.2
NATURAL GAS 372 | 481 | 4.0 3.1 0.1 0.1 0.0 0.0 0.0 0.0
SOLAR 00 | 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.2 4.8 9.7 8.0 8.1 7.0 5.8 3.2 2.7
NUCLEAR 00 | 00 | 107 | 215 | 256 | 514 | 419 | 366 | 39.0 | 418
TOTAL PERCENTAGE 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

When Tables 5.43 and 5.44 are analyzed, it is seen that results are similar to the

previous scenario. The changes brought on by the tax application in this scenario are

explained below:

The consumptions of bio energy, hydro, wind and nuclear power generation are

greater in this scenario compared to the NUCFFP80 scenario. Furthermore, coal, diesel and

natural gas consumptions are decreasing in this scenario. The underlying reason of this
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decrease in fossil fuel consumption is the 20 TL tax application on per tonne of CO,

emission.
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Figure 5.40. CO, Emissions of the electricity sector in the NFP80T2 scenario.

When the emission results of this scenario are investigated, it can be seen that, from
2031 onwards, CO, emissions are linearly increasing. Coal is the greatest contributor to
CO; emissions and so the trend of coal consumption is similar to the CO, emission of the
electricity sector. Besides, since nuclear consumption shifts away the coal consumption,

there is a remarkable drop in the amount of CO, emissions compared to the base scenario.

Moreover, when the electricity sector CO, emission results are analyzed, it can be
concluded that the NFP80T2 scenario is more environmentally friendly scenario than the
NUCFFP80 scenario because the decreasing rate of CO, emissions (compared to the base
scenario) is 44% in the NFP80T2 scenario and 39% in the NUCFFP80 scenario.
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2006|2011 {2016 2021|2026 | 2031|2036 | 2041 | 2046 | 2051

mm Fuel Costs 1,628|1,540(1,585|1,554(1,445(1,699|1,668(1,671/1,612|1,554

Investment Costs 0 | 194 |3,070|2,898(3,466|4,201(3,779(3,131|2,278|1,602
mmm Other Costs 772 | 575 |1,432|1,622|1,404|1,434/1,160| 987 | 927 | 988
= Total Cost 2,400/2,309|6,087|6,073|6,315|7,334(6,607|5,790(4,817(4,144
= Share of Investment Cost| 0% | 8% |50% | 48% | 55% | 57% | 57% | 54% | 47% | 39%

Figure 5.41. Costs of the electricity sector in the NFP80T2 scenario (M pounds).

As it is depicted in Figure 5.41, the most prominent increase in the costs is
observed in the investment costs in 2016. Especially, nuclear power usage is the most
powerful factor that causes to high investment costs. Other costs are also higher than those
in the base scenario because of fuel price increase and tax application. When the costs in
the NFP80T2 scenario are compared to the NUCFFP80 scenario, total electricity cost of
the NFP80T2 scenario is slightly higher (less than 1%) which is due to 20 TL tax

application.

5.2.13. The Emission Restriction and Nuclear Scenario

In this scenario, which is named the C_40NUCF scenario, the 40% emission
reduction scenario is integrated with the fast nuclear scenario in order to measure the
combined effects of emission reduction enforcement and nuclear energy. For this scenario,
energy consumptions by resources and share of these resources for the electricity sector are

displayed in Tables 5.45 and 5.46, respectively.
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Table 5.45. Energy consumptions of the electricity sector by resources in the C_40NUCF

scenario (PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 24 51 51 2.0 0.9 0.0 0.0 0.0 0.0
COAL 5713 | 349.1 0.0 43.6 5179 |1,020.7 | 1,686.1 | 2,486.9 | 3,015.2 | 4,284.5
DIESEL 4.6 4.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.1
GEOTHERMAL 1.3 10.1 15.7 16.3 16.9 17.5 15.6 13.7 11.8 9.9
HEAVY FUEL OIL 38.4 0.8 0.0 0.0 0.0 0.3 0.4 0.0 0.0 0.0
HYDRO 2185 | 218.6 | 513.7 | 516.1 | 514.1 | 5135 | 4924 | 482.6 | 504.8 | 444.9
NATURAL GAS 4928 | 7350 | 3219 | 513.0 | 467.3 | 4850 | 457.7 | 542.7 | 856.3 | 875.4
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 1419 | 1852 | 187.6 | 2187 | 2353 | 1784 | 168.1 | 1847
NUCLEAR 0.0 0.0 156.0 | 387.1 | 576.9 | 8583 |1,249.5]|1,776.0 | 2,456.8 | 3,498.6
ANNUAL TOTAL |1,326.9 | 1,3385|1,154.4 | 1,666.4 | 2,282.7 | 3,114.9 | 4,137.0 | 5,480.3 | 7,013.0 | 9,298.1

Table 5.46. Share of energy consumptions in the electricity sector by resources in the
C_40NUCF scenario (%).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 0.2 0.4 0.3 0.1 0.0 0.0 0.0 0.0 0.0
COAL 43.1 26.1 0.0 2.6 22.7 328 40.8 454 43.0 46.1
DIESEL 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.8 1.4 1.0 0.7 0.6 0.4 0.3 0.2 0.1
HEAVY FUEL OIL 2.9 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYDRO 16.5 16.3 445 31.0 22.5 16.5 11.9 8.8 7.2 4.8
NATURAL GAS 37.1 54.9 27.9 30.8 20.5 15.6 111 9.9 12.2 9.4
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.4 12.3 111 8.2 7.0 5.7 3.3 24 2.0
NUCLEAR 0.0 0.0 135 23.2 253 27.6 30.2 324 35.0 37.6
TOTAL PERCENTAGE | 100 100 100 100 100 100 100 100 100 100

As shown in Tables 5.45 and 5.46, there is a decline in the consumption of heavy

fuel oil and diesel. Also, natural gas consumption is lower than that of the base scenario

except for the last two periods. In the period 2016, coal is not consumed, but it rebounds

after this period and becomes the dominant fuel at the end of the planning horizon with

46.1% share. Geothermal, hydro and wind energy consumptions are greater than those in

the base scenario. The share of nuclear energy reaches to 37.6% in this scenario.
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When the results of this combined scenario are compared to the RS_C_40 and the
RS_NUCF scenarios, it can be seen that nuclear energy consumption is higher and coal
consumption is lower than those in the individual scenarios. This shows the additional
power of the emission restrictions even under the nuclear option (but coal is still the
dominant energy resource). Additionallly, hydro energy usage in this combined scenario is
higher than the RS_NUCEF scenario, but lower than the RS_C 40 scenario. Natural gas in
the C_40NUCEF is lower than that of the RS_C_40 scenario because of the nuclear power
usage. Besides, wind energy consumption is higher than that of the RS_NUCF scenario,

but it is nearly the same as that of the RS_C_40 scenario.
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Figure 5.42. CO, Emissions of the electricity sector in the C_40NUCF scenario.

When Figure 5.42 is analyzed, it is seen that there is a sharp decrease in the CO,
emissions in 2016 compared to the base scenario, due to the fact that most of the coal
consumption is replaced (in order to satisfy emission restriction bounds) by the nuclear
power, hydro and wind energy to generate electricity. As expected, the emissions rebounds
after this date; nevertheless the total emissions are lesser compared to the individual

emission restrictions and nuclear scenarios.

The decrease percentage of CO, emissions (compared to the base scenario) is 87%
in the C_40NUCF scenario, 85% in the RS _C 40 scenario and 34% in the RS_NUCF

scenario.
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mm Fuel Costs 1,618|1,523/1,580(1,578/|1,434(1,423|1,255(1,181|1,066(1,020

Invesment Costs 0 | 122 |4,854(3,279|3,703|3,752|3,855(3,290(2,476|1,829
mmm Other Costs 767 | 535 |1,808|1,698|1,404|1,251|1,081| 945 | 913 | 977
= Total Cost 2,385|2,180/8,241|6,554/6,540|6,425|6,191|5,416|4,456|3,825
== Share of Investment Cost| 0% | 6% |59% | 50% |57% | 58% | 62% | 61% | 56% | 48%

Figure 5.43. Costs of the electricity sector in the C_40NUCEF scenario (M pounds).

As it can be inferred from Figure 5.43, there is a sharp increase in the investment
costs compared to those in the bas scenario. Besides, fuel costs in the C_40NUCF scenario
are higher until 2041; thereafter they become lower than those in the base scenario. This is
because the model invests in clean green technologies, in order to reduce CO; emissions. It
is worth mentioning that the total cost of this combined scenario is higher than that of the
RS_NUCF and the RS_C_40 scenarios.

5.2.14. The Nuclear, Emission Restriction and Tax Scenario

In this scenario, which is named the CANFT2 scenario, the fast nuclear scenario is
integrated with the 40% emission reduction and the 20 TL tax per tonne of CO, scenarios
in order to measure the combined effects of nuclear energy, emission reduction
enforcement and taxes. For this scenario, energy consumptions by resources and share of
these resources for the electricity sector are displayed in Tables 5.47 and 5.48,

respectively.
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Table 5.47. Energy consumptions of the electricity sector by resources in the CANFT2

scenario (PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 24 51 51 2.0 0.9 0.0 0.0 0.0 0.0
COAL 5713 | 349.1 0.0 43.6 5179 |1,020.7 | 1,686.1 | 2,486.9 | 3,015.2 | 4,284.5
DIESEL 4.6 4.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.1
GEOTHERMAL 1.3 10.1 15.7 16.3 16.9 17.5 15.6 13.7 11.8 9.9
HEAVY FUEL OIL 38.4 0.8 0.0 0.0 0.0 0.3 0.4 0.0 0.0 0.0
HYDRO 2185 | 218.6 | 513.7 | 516.1 | 514.1 | 5135 | 4924 | 482.6 | 504.8 | 444.9
NATURAL GAS 4928 | 7350 | 3219 | 513.0 | 467.3 | 4850 | 457.7 | 542.7 | 856.3 | 875.4
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 1419 | 1852 | 187.6 | 2187 | 2353 | 1784 | 168.1 | 1847
NUCLEAR 0.0 0.0 156.0 | 387.1 | 576.9 | 8583 |1,249.5]|1,776.0 | 2,456.8 | 3,498.6
ANNUAL TOTAL 1,326.9 | 1,338.5| 1,154.4 | 1,666.4 | 2,282.7 | 3,114.9 | 4,137.0 | 5,480.3 | 7,013.0 | 9,298.1

Table 5.48. Share of energy consumptions in the electricity sector by resources in the

CANFT2 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 00 | 02 0.4 0.3 0.1 0.0 0.0 0.0 0.0 0.0
COAL 431 | 261 | 0.0 2.6 | 227 | 328 | 408 | 454 | 430 | 46.1
DIESEL 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.8 1.4 1.0 0.7 0.6 0.4 0.3 0.2 0.1
HEAVY FUEL OIL 2.9 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYDRO 165 | 163 | 445 | 310 | 225 | 165 | 119 | 88 7.2 4.8
NATURAL GAS 371 | 549 | 279 | 308 | 205 | 156 | 111 | 99 | 122 | 94
SOLAR 00 | 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 14 | 123 | 111 | 82 7.0 5.7 3.3 2.4 2.0
NUCLEAR 00 | 00 | 135 | 232 | 253 | 276 | 302 | 324 | 350 | 376
TOTAL PERCENTAGE 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

The energy consumptions in this scenario and the C_40NUCF scenario are the

same, which show that additional 20 TL tax application does not have any effect.
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Figure 5.44. CO, Emissions of the electricity sector in the CANFT2 scenario.

Likewise the energy consumptions, the CO, emissions are the same as those in the

C_40NUCF scenario.
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Figure 5.45. Costs of the electricity sector in the CANFT2 scenario (M pounds).

The costs of this scenario are also the same as those in the C_40NUCF scenario.
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In this scenario, which is named the CANFFP80 scenario, the fast nuclear scenario

is integrated with the 40% emission reduction and the 80% fuel price increase scenarios in

order to measure the combined effects of nuclear energy, emission reduction enforcement

and 80% fuel price increase. For this scenario, energy consumptions by resources and

share of these resources for the electricity sector are displayed in Tables 5.49 and 5.50,

respectively.

Table 5.49. Share of energy consumptions in the electricity sector by resources in the
CANFFP80 scenario (%).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 3.0 45 51 2.6 0.9 0.0 0.0 0.0 0.0
COAL 5713 | 314.0 44.8 143.0 | 1547 82.9 8945 | 892.4 |2,119.7 | 4,009.0
DIESEL 3.7 3.9 0.0 0.1 0.1 0.1 0.1 0.0 0.0 0.0
GEOTHERMAL 1.3 10.1 15.7 16.3 16.9 17.5 15.6 13.7 11.8 9.9
HEAVY FUEL OIL 39.3 0.6 0.0 0.7 0.7 0.7 0.4 0.0 0.0 0.0
HYDRO 2185 | 2186 | 670.6 | 750.7 | 750.0 | 748.8 | 748.2 | 7472 | 7458 | 716.4
NATURAL GAS 4938 | 735.0 29.1 23.7 3.6 2.8 1.5 0.0 0.0 0.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 1419 | 1852 | 2019 | 2653 | 305.1 | 3415 | 377.7 | 4176
NUCLEAR 0.0 0.0 169.9 | 431.0 |1,124.0 | 2,018.7 | 2,018.7 | 3,429.9 | 3,663.2 | 3,663.2
ANNUAL TOTAL 1,328.0 | 1,303.8 | 1,076.5 | 1,555.8 | 2,254.6 | 3,137.7 | 3,984.1 | 5,424.6 | 6,918.2 | 8,816.1

Table 5.50. Share of energy consumptions in the electricity sector by resources in the
CANFFP80 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.4 0.3 0.1 0.0 0.0 0.0 0.0 0.0
COAL 43.0 241 4.2 9.2 6.9 2.6 225 16.5 30.6 455
DIESEL 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.8 1.5 1.0 0.8 0.6 0.4 0.3 0.2 0.1
HEAVY FUEL OIL 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYDRO 16.5 16.8 62.3 48.3 33.3 23.9 18.8 13.8 10.8 8.1
NATURAL GAS 37.2 56.4 2.7 1.5 0.2 0.1 0.0 0.0 0.0 0.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.4 13.2 11.9 9.0 8.5 7.7 6.3 55 4.7
NUCLEAR 0.0 0.0 15.8 27.7 49.9 64.3 50.7 63.2 52.9 41.6
TOTAL PERCENTAGE 100 100 100 100 100 100 100 100 100 100
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In this scenario; diesel, heavy fuel oil and natural gas consumptions are fast
decreasing. The shares of diesel and heavy fuel oil are almost 0 % beyond 2016 and natural
gas is not consumed beyond 2041. Coal consumption also has a decreasing trend. Its share
drops from 91.2% to 45.5% at the end of the planning horizon.

On the other hand, hydro, wind and geothermal energy consumptions are greater
than those in the base scenario. Besides, nuclear power is used about 41.6%. Therefore,
especially with the high fuel costs and CO, emission restrictions, fossil fuels are not

favorable anymore.

When the results of the CANFFP80 scenario are compared to those in the RS_FP80
and the C_40NUCF scenarios, it is seen that consumptions of coal and natural gas are
lower than those in the RS_FP80 and the C_40NUCF scenarios. Moreover; hydro, wind
and nuclear energy consumptions are higher in the CANFFP80 scenario, compared to those
in the RS_FP80 and the C_40NUCF scenarios. This shows that as emission reduction and
nuclear energy are enforced and fuel prices are increased, the consumption of fossil fuels

get lesser and the consumption of renewables get higher.
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Figure 5.46. CO, Emissions of the electricity sector in the C4ANFFP80 scenario.

40% emission reduction, utilization of nuclear power and high fuel prices has great
favorable influences on CO, emissions. In 2031, coal reaches its minimum consumption
level with 2.6% share and nuclear power reaches its maximum consumption with 64.3%

share, which results in the one of lowest amount of CO, emissions.
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When the results of this scenario are compared to the C_40NUCF and the RS_FP80
scenarios, this scenario is more beneficial for the environment. The electricity sector CO,
emission decrease percentage (compared to the base scenario) is 93% in the CANFFP80
scenario, while this reduction is 87% in the C_40NUCF scenario and 9% in the RS_FP80

scenario.
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Figure 5.47. Costs of the electricity sector in the CANFFP80 scenario (M pounds).

On the other hand, as can be inferred from Figure 5.47, all costs in the electricity
sector are very much higher in this scenario compared to the costs in the base scenario.
Especially, the increase in investment costs and total electricity sector costs are the most
remarkable (this is because nuclear power generation and reducing CO, emission result in

high investment costs).

5.2.16. The Nuclear, Emission Restriction, Fuel Price Increase and Emission Tax

Scenario

In this scenario, which is named the CANFF8T2 scenario, the fast nuclear scenario
is integrated with the 40% emission reduction, the 80% fuel price increase and the 20 TL
tax per tonne of CO; scenarios in order to measure the combined effects of nuclear energy,

emission reduction enforcement, fuel price increase and taxes. For this scenario, energy
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consumptions by resources and share of these resources for the electricity sector are

displayed in Tables 5.51 and 5.52, respectively.

Table 5.51. Energy consumptions of the electricity sector by resources in the CANFF8T2

scenario (PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 3.0 4.5 5.1 2.6 0.9 0.0 0.0 0.0 0.0
COAL 5713 | 314.0 44.8 143.0 | 154.7 82.9 8945 | 8924 | 2,119.7| 4,009.0
DIESEL 3.7 3.9 0.0 0.1 0.1 0.1 0.1 0.0 0.0 0.0
GEOTHERMAL 13 10.1 15.7 16.3 16.9 17.5 15.6 13.7 11.8 9.9
HEAVY FUEL OIL 39.3 0.6 0.0 0.7 0.7 0.7 0.4 0.0 0.0 0.0
HYDRO 2185 | 2186 | 670.6 | 750.7 | 750.0 | 7488 | 7482 | 7472 | 7458 | 7164
NATURAL GAS 4938 | 735.0 29.1 23.7 3.6 2.8 15 0.0 0.0 0.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 1419 | 1852 | 2019 | 2653 | 305.1 | 3415 | 3777 | 4176
NUCLEAR 0.0 0.0 169.9 | 431.0 | 1,124.0| 2,018.7| 2,018.7| 3,429.9| 3,663.2| 3,663.2
ANNUAL TOTAL 1,328.0| 1,303.8| 1,076.5| 1,555.8| 2,254.6| 3,137.7| 3,984.1| 5,424.6| 6,918.2| 8,816.1

Table 5.52. Share of energy consumptions in the electricity sector by resources in the

CANFF8T2 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 00 | 02 | 04 | 03 | 01 | 00 | 00 | 00 | 00 | 00
COAL 430 | 241 | 42 | 92 | 69 | 26 | 225 | 165 | 306 | 455
DIESEL 03 | 03 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00
GEOTHERMAL 01 | 08 | 15 | 10 | 08 | 06 | 04 | 03 | 02 | 01
HEAVY FUEL OIL 30 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00
HYDRO 165 | 168 | 623 | 483 | 333 | 239 | 188 | 138 | 108 | 81
NATURAL GAS 372 | 564 | 27 | 15 | 02 | 01 | 00 | 00 | 00 | 00
SOLAR 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00
WIND 00 | 14 [ 132 | 1129 | 90 | 85 | 77 | 63 | 55 | 47
NUCLEAR 00 | 00 | 158 | 277 | 499 | 643 | 507 | 632 | 529 | 416
TOTAL PERCENTAGE 100 | 100 | 1200 | 100 | 100 | 100 | 1200 | 100 | 100 | 100

The energy consumptions in this scenario and the CANFFP80 scenario are the

same, which shows that additional 20 TL tax application does not have any effect.
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Figure 5.48. CO, Emissions of the electricity sector in the CANFF8T2 scenario.

Likewise, the CO, emissions are the same as those in the C4ANFFP80 scenario.
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Figure 5.49. Costs of the electricity sector in the CANFF8T2 scenario (M pounds).

The costs of this scenario are also the same as those in the CANFFP80 scenario.

5.2.17. The CCS and Tax Scenario

In this scenario, which is named the CCSHT2 scenario, the high CCS scenario is

integrated with the 20TL tax per tonne of CO; scenario in order to see their combined
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influences on the electricity sector. For this scenario, energy consumptions by resources

and share of these resources for the electricity sector are displayed in Tables 5.53 and 5.54,

respectively.

Table 5.53. Energy consumptions of the electricity sector by resources in the CCSHT2

scenario (PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 2.4 6.1 51 1.9 0.9 0.0 0.0 0.0 0.0
COAL 5713 | 536.1 | 8125 | 8156 | 1,496.2 | 2,156.4 | 2,964.5 | 4,106.9 | 5,135.3 | 6,585.2
DIESEL 3.7 45 15 15 1.0 0.5 0.1 0.1 0.1 0.1
GEOTHERMAL 1.3 10.1 15.7 16.3 16.9 17.5 15.6 13.7 11.8 9.9
HEAVY FUEL OIL 39.3 41 9.9 95.8 6.4 115 0.6 0.5 0.5 0.3
HYDRO 2185 | 218.6 | 2185 | 2186 | 2185 | 218.6 | 2148 | 196.8 | 208.1 | 177.3
NATURAL GAS 4938 | 7350 | 4703 | 765.1 | 7088 | 7195 | 669.5 | 669.7 | 927.7 | 1,118.8
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 72.0 92.1 89.0 106.4 | 1135 88.4 82.3 84.6
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ANNUAL TOTAL 1,328.0 | 1,529.3 | 1,606.5 | 2,010.1 | 2,538.6 | 3,231.3 | 3,978.5 | 5,076.2 | 6,365.9 | 7,976.2

Table 5.54. Share of energy consumptions in the electricity sector by resources in the

CCSHT2 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.4 0.3 0.1 0.0 0.0 0.0 0.0 0.0
COAL 43.0 35.1 50.6 40.6 58.9 66.7 745 80.9 80.7 82.6
DIESEL 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.7 1.0 0.8 0.7 0.5 0.4 0.3 0.2 0.1
HEAVY FUEL OIL 3.0 0.3 0.6 4.8 0.3 0.4 0.0 0.0 0.0 0.0
HYDRO 16.5 143 13.6 10.9 8.6 6.8 54 3.9 3.3 2.2
NATURAL GAS 37.2 48.1 29.3 38.1 27.9 22.3 16.8 13.2 14.6 14.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.2 4.5 4.6 3.5 3.3 2.9 1.7 13 11
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL PERCENTAGE 100 100 100 100 100 100 100 100 100 100

In this scenario; wind, natural gas, geothermal and bio energy consumptions are

increasing compared to the base scenario. Hydro energy consumption decreases towards to

the end of the planning horizon, but it is still higher than that of the base scenario. Some

fossil fuels such as diesel, and heavy fuel oil also have a decreasing consumption levels.

Nuclear power generation is not used in this scenario.
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When the results of this scenario are compared to the RS _TAX20 and the
RS_CCSH scenarios, it can be seen that hydro and wind consumptions in this combined
scenario are slightly higher. In addition, natural gas consumption in this combined scenario
is higher than those in the RS_TAX20 and the RS_CCSH scenarios towards the end of the
planning horizon. Coal consumption is lower than that of the RS _CCSH scenario;
however, it is higher than that of the RS_TAX20 scenario (since CCS installation provides

low CO, emissions even at high coal consumption levels).
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Figure 5.50. CO, Emissions of the electricity sector in the CCSHT2 scenario.

As it can be inferred from Figure 5.50, CO, emissions display a similar increasing
trend observed in many other scenarios. When the results of CCSHT2, RS_CCSH and
RS _TAX20 scenarios are compared, it is seen that, the electricity sector CO, emission
decrease percentage (compared to the base scenario) is 29% in the CCSHT2 scenario and
5% in the RS_TAX20 scenario. Also, CO, emissions in the RS_CCSH are higher than
those in the CCSHT2 and the RS_TAX20 scenarios. This shows that the combined

scenario is relatively clean compared to the RS_TAX20 and the RS_CCSH scenarios.
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mmm Fuel Costs 1,611/1,378(1,298|1,231/1,204(1,212|1,216|1,177|1,090|1,017

Investment Costs 0 | 280 |1,772|1,588(2,217|2,285|2,436|2,105|1,592(1,150
mmm Other Costs 770 | 555 | 926 | 966 | 898 | 842 | 749 | 677 | 680 | 714
= Total Cost 2,381(2,213|3,996|3,785(4,318|4,340|4,402|3,959|3,361(2,880
= Share of Investment Cost| 0% |13% |44% | 42% | 51% | 53% | 55% | 53% | 47% | 40%

Figure 5.51. Costs of the electricity sector in the CCSHT2 scenario (M pounds).

As shown in Figure 5.51, since installation of CCS technologies result in high
investment costs, the investment costs in this scenario have a sharp increase in the period
2016 which continues in later periods. Fuel costs, on the other hand, decreases from 2011
onwards. Increase in total electricity sector costs is not much compared to the RS _CCSH

scenario.

5.2.18. The CCS and Fuel Price Increase Scenario

In this scenario, which is named the CCSHFP80 scenario, the high CCS scenario is
integrated with the fuel price increase scenario in order to see their combined influences on
the electricity sector. For this scenario, energy consumptions by resources and share of
these resources for the electricity sector are displayed in Tables 5.55 and 5.56,

respectively.
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Table 5.55. Energy consumptions of the electricity sector by resources in the CCSHFP80

scenario (PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 24 51 5.7 2.9 18 0.9 0.0 0.0 0.0
COAL 571.3 | 536.1 | 1,165.5| 1,160.3 | 1,700.7 | 2,302.3 | 3,044.0 | 4,066.2 | 5,557.9 | 7,217.9
DIESEL 3.7 4.5 1.7 1.7 0.4 0.2 0.1 0.0 0.0 0.0
GEOTHERMAL 1.3 10.1 15.7 16.3 16.9 17.5 15.6 13.7 11.8 9.9
HEAVY FUEL OIL 39.3 4.1 9.9 9.9 2.3 11 0.4 0.0 0.0 0.0
HYDRO 2185 | 218.6 | 348.4 | 447.9 | 4465 | 446.6 | 4456 | 4443 | 4429 | 4135
NATURAL GAS 4938 | 735.0 82.8 89.8 27.9 27.8 0.0 0.0 0.0 0.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 72.0 1852 | 187.6 | 218.7 | 2353 | 2483 | 168.1 | 184.7
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ANNUAL TOTAL 1,328.0 | 1,529.3 | 1,701.1 | 1,916.8 | 2,385.1 | 3,015.8 | 3,741.8 | 4,772.5 | 6,180.7 | 7,826.0

Table 5.56. Share of energy consumptions in the electricity sector by resources in the

CCSHFP80 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0
COAL 43.0 35.1 68.5 60.5 713 76.3 814 85.2 89.9 92.2
DIESEL 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.7 0.9 0.9 0.7 0.6 0.4 0.3 0.2 0.1
HEAVY FUEL OIL 3.0 0.3 0.6 0.5 0.1 0.0 0.0 0.0 0.0 0.0
HYDRO 16.5 143 20.5 234 18.7 14.8 11.9 9.3 7.2 5.3
NATURAL GAS 37.2 48.1 4.9 4.7 1.2 0.9 0.0 0.0 0.0 0.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.2 4.2 9.7 7.9 7.3 6.3 5.2 2.7 24
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL PERCENTAGE 100 100 100 100 100 100 100 100 100 100

In this scenario; the consumptions of fossil fuels such as diesel, heavy fuel oil, and

natural gas are decreasing over the planning horizon. It should be noted that natural gas is

not consumed beyond 2036. Also, coal consumption is lower than that of the base scenario,

but the change in coal consumption is not large because CCS technologies provide

utilization of coal with less CO, emissions.
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Furthermore, geothermal, wind and bio energy consumptions are higher than those
in the base scenario and hydro energy consumption rises from 1.6 % to 5.3% at the end of

the planning horizon compared to the base scenario.

When the results of the CCSHFP80 scenario are compared to the RS_FP80
scenario, it can be observed that coal and geothermal consumptions in this combined
scenario are higher. Wind energy consumption is also higher than those in the RS_CCSH
and RS_FP80 scenarios towards the end of the planning horizon. Natural gas consumption
in this combined scenario is lower than those in the RS_FP80 and the RS_CCSH scenarios.
However, hydro consumption in this combined scenario is lower than those in the
RS_FP80 scenario, but higher than those in the RS_CCSH scenario. In other words,
increased fuel prices together with high CCS investments result in increased coal, wind
and geothermal consumptions; and less hydro, natural gas, diesel and fuel oil (whose

import prices are increased) consumptions.
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Figure 5.52. CO, Emissions of the electricity sector in the CCSHFP80 scenario.

As depicted in Figure 5.51, while CO, emissions are continuously increasing
period by period, they are lower than those in the base scenario. Also, CO; emissions in the
CCSHT?2 scenario are lower than those in the CCSHFP80 scenario. Therefore, it can be
concluded that CCSHT2 scenario is more effective than CCHFP80 in terms of reducing

CO, emissions. Electricity sector CO, emission reduction is 9% (compared to those in the
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base scenario) in the RS_FP80 scenario, but it is 5% in the CCSHFP80 scenario, at the end

of the planning horizon.

7,000 60%
6,000 50%
5,000

40%
4,000

30%
3,000

20%
2,000

10%

1,000

0%

2006|2011|2016|2021|2026 (2031|2036 |2041 2046|2051

mm Fuel Costs 1,628|1,532|1,634(1,574|1,441|1,829|1,825(1,789|1,729(1,601
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Figure 5.53. Costs of the electricity sector in the CCSHFP80 scenario (M pounds).

As it is depicted in Figure 5.52, with CCS technologies, the investment cost is
sharply increasing in 2016. The investment costs in this combined scenario are higher than
those in the RS_CCSH scenario over the planning horizon. Moreover, as Turkey is mostly
using fossil energy carriers such as oil and coal, higher fuel prices of these fossil fuels
result in higher fuel costs. However, fuel costs in the CCSHFP80 scenario are lower than
those in the RS_FP80 scenario.

5.2.19. The CCS, Fuel Price Increase and Tax Scenario

In this scenario, which is named the CHFP80T2 scenario, the high CCS scenario is
integrated with the 80% fuel price increase and the 20TL tax per ton of CO, scenarios in
order to see their combined influences on the electricity sector. For this scenario, energy
consumptions by resources and share of these resources for the electricity sector are

displayed in Tables 5.57 and 5.58, respectively.
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Table 5.57. Energy consumptions of the electricity sector by resources in the CHFP80T2

scenario (PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 24 51 5.7 3.6 2.6 0.9 0.0 0.0 0.0
COAL 571.3 | 536.1 | 8125 | 8504 |1,3743| 15725 2,328.1 | 3,299.9 | 4,794.3 | 6,448.5
DIESEL 3.7 4.5 1.6 1.7 0.4 0.2 0.1 0.0 0.0 0.0
GEOTHERMAL 1.3 10.1 15.7 16.3 16.9 175 15.6 13.7 11.8 9.9
HEAVY FUEL OIL 39.3 4.1 9.9 9.9 2.3 11 0.4 0.0 0.0 0.0
HYDRO 2185 | 2186 | 458.2 | 5324 | 531.7 | 531.0 | 530.3 | 528.7 | 527.3 | 505.5
NATURAL GAS 4938 | 735.0 86.1 92.1 311 314 0.0 0.0 0.0 0.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 72.0 1852 | 1924 | 2653 | 3051 | 3415 | 2613 | 277.8
NUCLEAR 0.0 0.0 0.0 0.0 0.0 4331 | 4331 | 433.1 | 4331 | 4331
ANNUAL TOTAL 1,328.0 | 1,529.3 | 1,461.1 | 1,693.6 | 2,152.7 | 2,854.5 | 3,613.5 | 4,616.9 | 6,027.8 | 7,674.9

Table 5.58. Share of energy consumptions in the electricity sector by resources in the

CHFP80T2 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 00 | 02 0.4 0.3 0.2 0.1 0.0 0.0 0.0 0.0
COAL 430 | 351 | 556 | 502 | 638 | 55.1 | 64.4 | 715 | 795 | 84.0
DIESEL 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.7 1.1 1.0 0.8 0.6 0.4 0.3 0.2 0.1
HEAVY FUEL OIL 30 | 03 0.7 0.6 0.1 0.0 0.0 0.0 0.0 0.0
HYDRO 165 | 143 | 314 | 314 | 247 | 186 | 147 | 115 | 87 6.6
NATURAL GAS 372 | 481 | 59 5.4 1.4 1.1 0.0 0.0 0.0 0.0
SOLAR 00 | 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.2 49 | 109 | 89 9.3 8.4 74 | 43 3.6
NUCLEAR 00 | 00 0.0 0.0 00 | 152 | 120 | 94 7.2 5.6
TOTAL PERCENTAGE 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

When this scenario is compared to the CCSHFP80 scenario, it can be seen that

hydro, wind and bio energy consumptions are higher while coal, diesel and natural gas

consumptions are lower. Geothermal and heavy fuel oil consumptions remain nearly the

same. Moreover, nuclear energy is used beyond 2031. So it can be concluded that, when
the CCSHFP80 scenario is combined with the RS_TAX20 scenario; the model prefers to

use more renewables and less fossil fuels.
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Figure 5.54. CO, Emissions of the electricity sector in the CHFP80T2 scenario.

When emission results of the CHFP80T2 and CCSHFP80 scenarios are
investigated, it can be seen that CO, emissions drop more once the 20 TL tax is applied to
per tonne of CO, emissions, compared to the CCSHFP80 scenario. This is mostly due to

the deployment of nuclear power and decreased coal consumptions.
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Figure 5.55. Costs of the electricity sector in the CHFP80T2 scenario (M pounds).

As it can be inferred from Figure 5.55, similar to the CCSHFP80 scenario, there is

a sharp increase in the investments costs in 2016. The investment costs in this scenario are
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higher than those in the CCSHFP80 scenario. Moreover, total fuel costs in the CCSHFP80
scenario are higher than those in the CHFP80T2 scenario, because of the decreased
consumption of coal and natural gas (which have increased fuel prices).

5.2.20. The CCS and Emission Restriction Scenario

In this scenario, which is named the C_40CCSH scenario, the high CCS scenario is
integrated with the 40% emission reduction scenario, in order to measure the combined
effects of CCS employment and emission reduction enforcement. For this scenario, energy
consumptions by resources and share of these resources for the electricity sector are
displayed in Tables 5.59 and 5.60, respectively.

Table 5.59. Energy consumptions of the electricity sector by resources in the C_40CCSH
scenario (PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 2.4 5.8 6.0 2.6 0.9 0.0 0.0 0.0 0.0
COAL 5713 | 3481 0.4 17.5 751.2 | 15104 | 2,611.0 | 3,956.6 | 5,285.4 | 7,365.6
DIESEL 4.6 3.9 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.1
GEOTHERMAL 1.3 10.1 15.7 16.3 16.9 17.5 15.6 13.7 11.8 9.9
HEAVY FUEL OIL 38.4 0.8 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0
HYDRO 2185 | 2186 | 5319 | 5324 | 532.2 | 531.6 | 506.7 | 498.7 | 4924 | 451.3
NATURAL GAS 4928 | 7350 | 3713 | 7350 | 630.7 | 636.6 | 5148 | 536.6 | 650.6 | 672.9
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 1419 | 1852 | 187.6 | 218.7 | 2353 | 1784 | 168.1 | 1847
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ANNUAL TOTAL 1,326.9 | 1,337.5| 1,066.9 | 1,492.4 | 2,121.1 | 2,915.6 | 3,883.9 | 5,183.9 | 6,608.4 | 8,684.5

Table 5.60. Share of energy consumptions in the electricity sector by resources in the
C_40CCSH scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.5 0.4 0.1 0.0 0.0 0.0 0.0 0.0
COAL 43.1 26.0 0.0 1.2 35.4 51.8 67.2 76.3 80.0 84.8
DIESEL 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.8 1.5 1.1 0.8 0.6 0.4 0.3 0.2 0.1
HEAVY FUEL OIL 2.9 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYDRO 16.5 16.3 49.9 35.7 25.1 18.2 13.0 9.6 7.5 5.2
NATURAL GAS 37.1 55.0 34.8 49.3 29.7 21.8 13.3 10.4 9.8 7.7
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.4 13.3 12.4 8.8 7.5 6.1 3.4 2.5 2.1
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL PERCENTAGE 100 100 100 100 100 100 100 100 100 100
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Geothermal, hydro, wind, and bio energy consumptions in this scenario are higher
than those in the RS _CCSH scenario. Moreover, heavy fuel oil and diesel are not
consumed anymore beyond 2016. Although, coal consumption sharply decreases in 2016
(in the C_40CCSH scenario), it is rebounds beyond 2012. It must be mentioned that the
energy consumptions in the C_40CCSH scenario are nearly the same as those in the
RS_C_40 scenario.
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Figure 5.56. CO, Emissions of the electricity sector in the C_40CCSH scenario.

When Figure 5.56 is analyzed, emission reduction by 40% with usage of CCS
technologies result in remarkable drop in the CO, emissions of the electricity generation
sector. However, there is not a remarkable difference between CO, emission in the
C_40CCSH, the RS_C_40 (whose CO, emission decrease percentage is 85% compared to
the base scenario) and the C_40CCSH (whose CO, emission decrease percentage is 85%

compared to the base scenario) scenarios at the end of the planning horizon.
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Figure 5.57. Costs of the electricity sector in the C_40CCSH scenario (M pounds).

As it can be inferred from Figure 5.57, the investment costs sharply increases
beyond 2016 (which is the period that CCS enforcement starts). Another reason of these
high investment costs is the installation of new technologies to reduce CO, emissions
immediately. Additionally, the fuel and investment costs of this scenario are higher than
those in the RS_CCSH scenario. Moreover, it is worth mentioning that the cost results of

this combined scenario is almost the same as those of the RS_C_40 scenario.

5.2.21. The CCS, Emission Restriction and Tax Scenario

In this scenario, which is named the C4ACCSHT2 scenario, the high CCS scenario is
integrated with the 40% emission reduction and the 20TL tax per ton of CO, scenarios in
order to see their combined influences on the electricity sector. For this scenario, energy
consumptions by resources and share of these resources for the electricity sector are

displayed in Tables 5.61 and 5.62, respectively.
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Table 5.61. Energy consumptions of the electricity sector by resources in the C4ACCSHT2

scenario (PJ).

ENERGY 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 24 58 6.0 2.6 0.9 0.0 0.0 0.0 0.0
COAL 5713 | 348.1 0.4 175 751.2 | 15104 | 2,611.0 | 3,956.6 | 5,285.4 | 7,365.6
DIESEL 4.6 3.9 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.1
GEOTHERMAL 1.3 10.1 15.7 16.3 16.9 17.5 15.6 13.7 11.8 9.9
HEAVY FUEL OIL 38.4 0.8 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0
HYDRO 2185 | 2186 | 531.9 | 5324 | 532.2 | 531.6 | 506.7 | 498.7 | 4924 | 4513
NATURAL GAS 4928 | 7350 | 3713 | 7350 | 630.7 | 636.6 | 5148 | 536.6 | 650.6 | 672.9
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 1419 | 1852 | 187.6 | 2187 | 2353 | 1784 | 168.1 | 1847
NUCLEAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ANNUAL TOTAL 1,326.9 | 1,337.5| 1,066.9 | 1,492.4 | 2,121.1 | 2,915.6 | 3,883.9 | 5,183.9 | 6,608.4 | 8,684.5

Table 5.62. Share of energy consumptions in the electricity sector by resources in the

C4CCSHT2 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 00 | 02 0.5 0.4 0.1 0.0 0.0 0.0 0.0 0.0
COAL 431 | 260 | 0.0 12 | 354 | 518 | 67.2 | 763 | 80.0 | 8438
DIESEL 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.8 15 1.1 0.8 0.6 0.4 0.3 0.2 0.1
HEAVY FUEL OIL 2.9 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HYDRO 165 | 163 | 499 | 357 | 251 | 182 | 130 | 96 75 5.2
NATURAL GAS 371 | 55.0 | 348 | 493 | 297 | 218 | 133 | 104 | 98 7.7
SOLAR 00 | 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 14 | 133 | 124 | 88 75 6.1 3.4 25 2.1
NUCLEAR 00 | 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL PERCENTAGE 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

The energy consumptions in this scenario and the C_40CCSH scenario are the

same, which shows that additional 20 TL tax application does not have any effect.
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Figure 5.58. CO, Emissions of the electricity sector in the C4ACCSHT2 scenario.

Likewise, the CO, emissions in the C4ACCSHT2 scenario are the same as those in
the C_40CCSH scenario.
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Figure 5.59. Costs of the electricity sector in the CACCSHT2 scenario (M pounds).

Also, the costs of the CACCSHT2 scenario are the same as those in the C_40CCSH

scenario.
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In this scenario, which is named the C4ACHFP80 scenario, the high CCS scenario is

integrated with the 40% emission reduction and the 80% fuel price increase scenarios in

order see their combined effects on the electricity sector. For this scenario, energy

consumptions by resources and share of these resources for the electricity sector are

displayed in Tables 5.63 and 5.64, respectively.

Table 5.63. Energy consumptions of the electricity sector by resources in the C4ACHFP80

scenario (PJ).

ENERGY 2006 2011 | 2016 | 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 3.0 4.5 5.7 1.9 0.9 0.0 0.0 0.0 0.0
COAL 5713 | 3140 | 683 | 319.7 | 1415 82.0 926.8 | 9253 | 2,333.2 | 4,228.8
DIESEL 3.7 3.9 0.0 0.3 0.1 0.1 0.1 0.0 0.0 0.0
GEOTHERMAL 1.3 10.1 15.7 16.3 16.9 17.5 15.6 13.7 11.8 9.9
HEAVY FUEL OIL 39.3 0.6 0.0 1.7 0.7 0.7 0.4 0.0 0.0 0.0
HYDRO 2185 | 2186 | 7181 | 756.7 | 7559 | 7545 | 7540 | 753.0 | 7516 | 7222
NATURAL GAS 4938 | 7350 | 29.1 24.2 4.1 2.7 2.7 0.0 0.0 0.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 | 1419 | 1852 | 201.9 | 2653 | 305.1 | 3415 | 377.7 | 4176
NUCLEAR 0.0 0.0 0.0 180.4 | 1,1354 | 1,949.4 | 1,949.4 | 3,361.9 | 3,361.9 | 3,361.9
ANNUAL TOTAL 1,328.0 | 1,303.8 | 977.7 | 1,490.1 | 2,258.4 | 3,073.1 | 3,954.1 | 5,395.5 | 6,836.3 | 8,740.5

Table 5.64. Share of energy consumptions in the electricity sector by resources in the

C4CHFP80 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.5 0.4 0.1 0.0 0.0 0.0 0.0 0.0
COAL 43.0 24.1 7.0 215 6.3 2.7 234 17.2 341 48.4
DIESEL 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.8 1.6 11 0.7 0.6 0.4 0.3 0.2 0.1
HEAVY FUEL OIL 3.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
HYDRO 16.5 16.8 73.5 50.8 335 246 191 14.0 11.0 8.3
NATURAL GAS 37.2 56.4 3.0 1.6 0.2 0.1 0.1 0.0 0.0 0.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.4 145 12.4 8.9 8.6 7.7 6.3 55 4.8
NUCLEAR 0.0 0.0 0.0 12.1 50.3 63.4 49.3 62.3 49.2 38.5
TOTAL PERCENTAGE 100 100 100 100 100 100 100 100 100 100

Diesel and heavy fuel oil consumptions in the CACHFP80 scenario decrease over

the planning horizon. Natural gas, which is one of the important energy sources in Turkey,

is also sharply decreasing over the planning horizon. When the C4CHFP80 scenario is
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compared to the C_40CCSH scenario, the coal consumption in the C4ACHFP80 scenario is
nearly equal to half of the coal consumption in the C_40CCSH scenario. On the other
hand, hydro and wind energy consumptions in the CACHFP80 scenario are higher than
those in the C_40CCSH scenario. As can be inferred from these results, the model prefer to
utilize more hydro and wind energy resources (which have less fuel prices) and less coal
and natural gas because of the increased fuel prices. Apart from them, nuclear power is
used in the C4ACHFP80 scenario beyond 2021 which results from the combined effects of
fuel price increase scenario and the C_40CCSH scenario.
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Figure 5.60. CO, Emissions of the electricity sector in the C4CHFP80 scenario.

When the results are investigated, it is observed that there is a sharp increase in
electricity sector CO, emissions in 2021 which is mostly caused by increased coal
consumption in that year. The CO, emissions in 2051 are almost half of the CO, emissions
in 2006. Therefore, it indicates that emission reduction by 40%, high CCS and fuel price
change has great effects on CO, emissions. The decrease percentage of electricity sector
CO, emissions (compared to the base scenario) is 85% in the C_40CCSH scenario and
93% in the CACHFP80 scenario.
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Figure 5.61. Costs of the electricity sector in the CACHFP80 scenario (M pounds).

As can be seen in Figure 5.61, there is a sharp increase in the investment costs in
2016 compared to the other scenarios (such as the RS_FP80 and the C_40CCSH scenarios)
since fuel consumption shifts from fossil fuels to renewables that require new investments.
Besides, fuel costs in this scenario are also higher than those in the C_40CCSH scenario

because of the impacts of increased fuel prices.

5.2.23. The CCS, Fuel Price Increase, Emission Restriction and Tax Scenario

In this scenario, which is named the C4CHF8T2 scenario, the high CCS scenario is
integrated with the 40% emission reduction, 80% fuel price increase and 20 TL tax per
tonne of CO; scenarios, in order to see their combined influences on the electricity sector.
For this scenario, energy consumptions by resources and share of these resources for the

electricity sector are displayed in Tables 5.65 and 5.66, respectively.
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Table 5.65. Energy consumptions of the electricity sector by resources in the C4ACHF8T2

scenario (PJ).

ENERGY 2006 2011 | 2016 | 2021 2026 2031 2036 2041 2046 2051
BIO ENERGY 0.0 3.0 4.5 5.7 1.9 0.9 0.0 0.0 0.0 0.0
COAL 5713 | 3140 | 683 | 319.7 | 1415 82.0 926.8 | 925.3 | 2,333.2| 4,228.8
DIESEL 3.7 3.9 0.0 0.3 0.1 0.1 0.1 0.0 0.0 0.0
GEOTHERMAL 1.3 10.1 15.7 16.3 16.9 17.5 15.6 13.7 11.8 9.9
HEAVY FUEL OIL 39.3 0.6 0.0 1.7 0.7 0.7 0.4 0.0 0.0 0.0
HYDRO 2185 | 2186 | 718.1| 756.7 | 7559 | 7545 | 754.0 | 753.0 | 7516 | 7222
NATURAL GAS 4938 | 7350 | 29.1 24.2 4.1 2.7 2.7 0.0 0.0 0.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 18.7 | 1419| 1852 | 2019 | 2653 | 3051 | 3415 | 377.7 | 417.6
NUCLEAR 0.0 0.0 0.0 180.4 | 1,135.4| 1,949.4| 1,949.4| 3,361.9| 3,361.9| 3,361.9
ANNUAL TOTAL 1,328.0| 1,303.8| 977.7| 1,490.1| 2,258.4| 3,073.1| 3,954.1| 5,395.5| 6,836.3| 8,740.5

Table 5.66. Share of energy consumptions in the electricity sector by resources in the
C4CHF8T2 scenario (%).

ENERGY 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
BIO ENERGY 0.0 0.2 0.5 0.4 0.1 0.0 0.0 0.0 0.0 0.0
COAL 43.0 24.1 7.0 215 6.3 2.7 234 17.2 341 48.4
DIESEL 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
GEOTHERMAL 0.1 0.8 1.6 11 0.7 0.6 0.4 0.3 0.2 0.1
HEAVY FUEL OIL 3.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
HYDRO 16.5 16.8 73.5 50.8 335 246 191 14.0 11.0 8.3
NATURAL GAS 37.2 56.4 3.0 1.6 0.2 0.1 0.1 0.0 0.0 0.0
SOLAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WIND 0.0 1.4 145 12.4 8.9 8.6 7.7 6.3 55 4.8
NUCLEAR 0.0 0.0 0.0 12.1 50.3 63.4 49.3 62.3 49.2 38.5
TOTAL PERCENTAGE 100 100 100 100 100 100 100 100 100 100

The energy consumptions in this scenario and the C4ACHFP80 scenario are the

same, which shows that additional 20 TL tax application does not have any effect.
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Figure 5.62. CO, Emissions of the electricity sector in the C4CHF8T2 scenario.

Similar to energy consumptions, the CO, emissions are the same as those in the
C4CHFP80 scenario.
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Figure 5.63. Costs of the electricity sector in the C4FP80T2 scenario (M pounds).

Besides, the costs of this scenario are nearly the same as those in the CACHFP80

scenario.
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This section features an overview of the scenario analysis accomplished and results

obtained in the previous section. The total system costs and the periodic GHG emissions

(of the electricity sector) and the associated GHG savings per pound related with each

scenario are displayed in Table 6.1 and 6.2.

Table 6.1. The CO, emissions of the electricity sector by scenarios (kt).

CO; EMISSIONS IN EACH PERIOD

TOTAL ELECTRICITY
SCENARIOS ELECTRICITY SECTOR CO;
SECTOR CO; 2006 | 2011 | 2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051
EMISSIONS EMISSION
SAVINGS
1 BASE 14,308,605 83,396|92,536(104,658|129,796(190,656/|253,443(325,956|432,319(553,197|695,765
2| C_40CCSH 3,130,283 11,178,322  (83,334(73,502| 20,831 | 42,806 | 42,268 | 51,444 | 55,245 | 66,375 | 84,964 |105,286
3| C_40FP80 1,519,306 12,789,299  (83,396|70,355| 5,956 |28,238| 7,000 | 5,755 | 13,602 | 13,721 | 28,275 | 47,561
4| C_40NUCF 2,708,370 11,600,235 |83,334(73,591| 18,060 | 32,780 | 33,307 | 39,713 | 43,561 | 53,246 | 75,682 | 88,399
5| C_40TAX2 3,135,398 11,173,207  |83,334(73,502| 20,957 | 43,249 | 42,422 | 51,540 | 55,294 | 66,530 | 84,965 |105,286
6| CACCSHT2 3,130,283 11,178,322  |83,334(73,502| 20,831 | 42,806 | 42,268 | 51,444 | 55,245 | 66,375 | 84,964 |105,286
7| CACHF8T2 1,519,412 12,789,193  |83,396(70,355| 5,956 | 28,238 | 7,000 | 5,755 |13,605|13,724 | 28,281 | 47,571
8| CACHFP80 1,519,412 12,789,193  (83,396|70,355| 5,956 |28,238| 7,000 | 5,755 | 13,605 13,724 | 28,281 | 47,571
9| CA4FP80T2 1,519,306 12,789,299  (83,396|70,355| 5,956 |28,238| 7,000 | 5,755 | 13,602 | 13,721 | 28,275 | 47,561
10| CANFF8T2 1,425,868 12,882,737  |83,396|70,355| 5,740 | 14,501 | 7,267 | 5,770 | 13,143 | 13,306 | 26,228 | 45,467
11f CANFFP80 1,425,868 12,882,737  |83,396|70,355| 5,740 | 14,501 | 7,267 | 5,770 | 13,143 | 13,306 | 26,228 | 45,467
12| CANFT2 2,708,370 11,600,235 |83,334(73,591| 18,060 | 32,780 | 33,307 | 39,713 | 43,561 | 53,246 | 75,682 | 88,399
13| CCSHFP80 12,963,616 1,344,989  183,396(91,031|112,392(112,302|157,691212,728|279,103(372,791(509,549|661,740
14| CCSHT2 11,432,806 2,875,799  |83,396(91,032|101,051{123,834|168,071217,744|270,615337,477|401,110{492,232
15| CHFP80T2 9,093,565 5,215,040  |83,396(91,031| 79,508 | 82,629 |123,684(140,411|189,983|253,782(338,445|435,843
16| FP8OTAX2 10,844,927 3,463,678  |83,396/91,031| 80,333 | 80,933 124,651|150,730[221,977|310,715/440,281|584,938
17| NFP80T2 7,801,833 6,506,772  |83,396(91,031| 72,458 | 72,256 |101,740| 76,470 (143,649|222,140|306,447|390,779
18/ NUCFFP80 9,204,380 5,104,225  |83,396(91,031| 92,407 | 92,288 |124,515|137,949(198,343|253,532(340,809(426,605)
19 NUCFTAX2 | 10,234,292 4,074,313  (83,396|91,061| 95,465 [111,055|151,091{191,855|230,795|295,800(360,387|435,953
200 RS_C_20 8,586,609 5,721,996  |83,334(91,149| 76,487 | 90,896 |114,622|138,608(186,773|248,941|334,126(352,384|
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Table 6.2. The CO, emissions of the electricity sector by scenarios (kt) (cont.).

21) RS_C_40 3,135,398 11,173,207  (83,334(73,502| 20,957 | 43,249 | 42,422 | 51,540 | 55,294 | 66,530 | 84,965 |105,286
22| RS_CCSH 14,668,273 -359,668 83,396(92,653|120,317|143,000(201,447|264,822(336,097438,174|555,344/698,406
23] RS_CCSL 14,505,596 -196,991 83,396/92,653(112,361{137,489|198,057|260,700(330,861(434,945|557,879|692,779
24 RS_FP40 14,742,594 -433,989 83,396/91,031(127,139(146,758|202,148|258,590(335,259(440,161|558,350| 705,687
25| RS_FP80 12,160,327 2,148,278  (83,396/91,031| 92,083 | 91,901 (142,443|193,018|264,973|354,921(486,430|631,869
26| RS_NUCF 10,817,858 3,490,747  |83,396|92,653|101,379(116,720|160,734|203,497|250,285(314,251|382,521|458,135
27 RS_NUCS 13,614,538 694,067 83,396(91,102|102,694|125,123|179,861|237,684(305,783|403,934|524,852/668,479
28| RS_TAX10 13,701,637 606,968 83,396/91,032(101,591{125,333|181,606|242,263(310,130(414,222|526,246|664,508
29| RS_TAX20 13,513,444 795,161 83,396(91,032|101,205|124,640|176,012|235,709(304,452(407,955|519,477|658,809
30| RS_TAX40 9,310,365 4,998,240  (83,396|91,082| 92,689 [111,912| 95,517 (100,327|166,624|255,137(366,344{499,045

Table 6.2 displays the total electricity sector costs for each scenario and the
associated cost increases, compared to the electricity sector cost of the base scenario.
When Tables 6.2 and 6.3 are analyzed, except for the RS _CCSL scenario, the total
electricity sector costs of all scenarios are higher than those in the base scenario. Since the
total electricity sector cost of the RS_CCSL scenario is lower than that of the base
scenario, it is one of the most desirable scenarios in terms of both overall electricity sector

costs and emissions.

The most costly group of scenarios is the 40% emission restriction scenario and its
variants, since enforcement of 40% reduction in total CO, emissions requires new
investments and utilization of high cost clean energy alternatives. Since the dominant fuel
type in Turkey’s energy sector is coal, which is the cheapest alternative but the greatest
contributor of the CO, emissions; shifting from coal to clean energy types result in high
costs.

Then, the nuclear energy based scenarios constitute the second group of high cost
scenarios. The underlying reason of this is high installation costs of nuclear energy.
Therefore, this group of scenarios gives significant clues to energy policy makers about

Turkey’s energy future.
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Furthermore, fuel price increase scenarios and their variants have high costs
because Turkey is highly dependent on imported energy. The results of this group of
scenarios show that if fuel prices of imported energy increase, then Turkey’s electricity

costs will be highly and immediately effected.

As the amount of electricity sector cost increases get lower and the amount of
electricity CO, emission savings get higher, the most favored scenarios are obtained. That
is to say, the most preferable scenarios are those that you pay less to reduce the amount of
CO, emission. Table 6.2 portrays that emission tax and restriction scenarios, and some
combined scenarios that include tax and high CCS (CCSHT2, C_40TAX2, C_40CCSH,
C4CCSHT2, and NUCFTAX2) have the highest electricity CO, emission savings per unit
electricity sector cost increase. The RS _FP40 and RS_CCSH scenarios are the most
undesirable scenarios regarding electricity CO, emission savings per total electricity cost
savings because; not only the total electricity costs of these scenarios are higher than that

of the base scenario, but also the amount of CO, emitted is higher than that of the base

scenarios.
Table 6.3. Electricity sector costs and CO, emissions by scenarios.
ELECTRICITY
SECTOR CO,
TOTAL EMISSION
ELETCC%'TR'?I(SITY ELECTRICITY | ELECTRICITY ES'-EE(:(%TC?F:%(;Y SAVINGS /
SCENARIOS | 100 chsTs| SECTORCOST | SECTOR CO, EMISSION 2 TOTAL
(M Pounds) INCREASES (M | EMISSIONS (k) | ¢ x\/iINGS (k) ELECTRICITY
Pounds) SECTORS COST
INCREASES
(kt/M Pounds)
1 BASE 174,003 14,308,605
5 C_40CCSH 238,473 64,470 3,130,283 11,178,322 173
3 C_40FP80 307,524 133,521 1,519,306 12,789,299 96
4 C_40NUCF 261,070 87,067 2,708,370 11,600,235 133
5 C_40TAX2 236,565 62,562 3,135,398 11,173,207 179
6 C4CCSHT?2 238,473 64,470 3,130,283 11,178,322 173
7 C4CHFST2 307,269 133,266 1,519,412 12,789,193 96
8 C4CHFP80 307,269 133,266 1,519,412 12,789,193 96
9 CA4FP80T2 307,524 133,521 1,519,306 12,789,299 96
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10 CANFF8T2 315,813 141,810 1,425,868 12,882,737 91
1 C4ANFFP80 315,813 141,810 1,425,868 12,882,737 91
12 CANFT2 261,070 87,067 2,708,370 11,600,235 133
13 CCSHFP80 224,544 50,541 12,963,616 1,344,989 27
14 CCSHT2 178,182 4,179 11,432,806 2,875,799 688
15 CHFP80T2 234,872 60,869 9,093,565 5,215,040 86
16 FP8OTAX2 230,410 56,407 10,844,927 3,463,678 61
17 NFP80T2 259,378 85,375 7,801,833 6,506,772 76
18 NUCFFP80 258,830 84,827 9,204,380 5,104,225 60
19 NUCFTAX2 201,790 27,787 10,234,292 4,074,313 147
20 RS_C_20 193,247 19,244 8,586,609 5,721,996 297
21 RS_C_40 238,607 64,604 3,135,398 11,173,207 173
22 RS_CCSH 174,785 782 14,668,273 -359,668 -460
23 RS_CCSL 172,217 -1,786 14,505,596 -196,991 110
24 RS_FP40 193,892 19,889 14,742,594 -433,989 -22
25 RS_FP80 223,889 49,886 12,160,327 2,148,278 43
26 RS_NUCF 200,683 26,680 10,817,858 3,490,747 131
27 RS_NUCS 182,764 8,761 13,614,538 694,067 79
28 RS_TAX10 174,189 186 13,701,637 606,968 3263
29 RS_TAX20 175,117 1,114 13,513,444 795,161 714
30 RS_TAX40 186,047 12,044 9,310,365 4,998,240 415

Table 6.5. Electricity sector cost increases by scenarios (sorted).

TOTAL TOTAL
ELE-I(-ZOT-II-?AI\IC_IITY ELECTRICITY ELECTRICITY
SCENARIOS SECTOR COSTS SECTOR COST | SECTOR COSTS
(M Pounds) INCREASES INCREASING
(M Pounds) RATE
C4NFF8T2 315,813 141,810 81%
C4NFFP80 315,813 141,810 81%
C_40FP80 307,524 133,521 7%
C4FP80T2 307,524 133,521 1%




Table 6.6. Electricity sector cost increases by scenarios (sorted) (cont.).

C4ACHF8T2 307,269 133,266 T7%
C4CHFP80 307,269 133,266 7%
C_40NUCF 261,070 87,067 50%
CANFT2 261,070 87,067 50%
NFP80T2 259,378 85,375 49%
NUCFFP80 258,830 84,827 49%
RS_C_40 238,607 64,604 37%
C_40CCSH 238,473 64,470 37%
C4CCSHT2 238,473 64,470 37%
C_40TAX2 236,565 62,562 36%
CHFP80T2 234,872 60,869 35%
FP80TAX2 230,410 56,407 32%
CCSHFP80 224,544 50,541 29%
RS_FP80 223,889 49,886 29%
NUCFTAX2 201,790 27,787 16%
RS_NUCF 200,683 26,680 15%
RS_FP40 193,892 19,889 11%
RS_C_20 193,247 19,244 11%
RS_TAX40 186,047 12,044 7%
RS_NUCS 182,764 8,761 5%
CCSHT2 178,182 4,179 2%
RS_TAX20 175,117 1,114 1%
RS_CCSH 174,785 782 0%
RS_TAX10 174,189 186 0%
BASE 174,003 0 0%
RS_CCSL 172,217 -1,786 -1%
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Table 6.7. Electricity sector CO, emissions and reduction rate (sorted).

ELECTRICITY
ELECTRICITY ELECTRICITY SECTOR CO,
SCENARIOS SECTOR CO, SECTOR €O, EMISSION
EMISSIONS EMISSION REDUCTION
SAVINGS CATE
CANFFST2 1,425,868 12,882,737 90%
CANFFP80 1,425,868 12,882,737 90%
C_40FP80 1,519,306 12,789,299 89%
CAFP8OT2 1,519,306 12,789,299 89%
CACHF8T2 1,519,412 12,789,193 89%
C4CHFP80 1,519,412 12,789,193 89%
C_40NUCF 2,708,370 11,600,235 81%
CANFT2 2,708,370 11,600,235 81%
C_40CCSH 3,130,283 11,178,322 78%
CACCSHT2 3,130,283 11,178,322 78%
C_40TAX2 3,135,398 11,173,207 78%
RS_C_40 3,135,398 11,173,207 78%
NFP80T2 7,801,833 6,506,772 45%
RS_C 20 8,586,609 5,721,996 40%
CHFP80T2 9,093,565 5,215,040 36%
NUCFFP80 9,204,380 5,104,225 36%
RS_TAX40 9,310,365 4,998,240 35%
NUCFTAX2 10,234,292 4,074,313 28%
RS_NUCF 10,817,858 3,490,747 24%
FPSOTAX2 10,844,927 3,463,678 24%
CCSHT2 11,432,806 2,875,799 20%
RS_FP80 12,160,327 2,148,278 15%
CCSHFP80 12,963,616 1,344,989 9%
RS_TAX20 13,513,444 795,161 6%
RS_NUCS 13,614,538 694,067 5%
RS_TAX10 13,701,637 606,968 4%
RS_CCSL 14,505,596 -196,991 1%
RS_CCSH 14,668,273 -359,668 -3%
RS_FP40 14,742,594 -433,989 -3%
BASE 14,308,605
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Table 6.4. illustrates the CO, emission related results. When the results are
analyzed, it can be inferred that the most environmentally friendly scenarios, considering
reductions in total amount of CO, emissions are C4NFF8T2, CANFFP80, C_40FP80,
C4FP80T2, CACHF8T2, CACHFP80, C_40NUCF, CANFT2, C_40CCSH, C4CCSHT2,
C_40TAX2 and RS_C_40, respectively (CO, emission reduction rate is higher than 78%
for each of them, as can be seen in Table 6.4). It should be noted that all of these scenarios
feature 40% emission reduction constraints. The fast nuclear scenario and its variants are
also so successful in decreasing CO, emissions. For each of them have at least 24% CO,

emission reduction rate.

Additionally, when electricity sector CO, emissions savings per unit electricity cost
increase are considered, the best scenarios are the RS _TAX10 scenario, CCSHT2 and
C_40CCSH scenarios.

Table 6.5 displays the total CO, emissions of the electricity sector, the total CO,
emissions and the respective share of CO, emissions of the electricity sector in total
emissions associated with each scenario. As can be seen from the Table 6.5, the scenarios
which feature largest such shares are the RS_CCSH and the RS_FP40 scenarios, and those
which feature lowest such shares are the CANFFP80 and the CANFF8T2 scenarios. In other
words, policies such as the CANFFP80 and the CA4NFF8T2 scenarios lead to
“comparatively clean” energy sector, while policies such as RS_CCSH and the RS_FP40
lead to a comparatively polluting energy sector. It should also be underlined that, policies
such as the CANFFP80 and the CANFF8T2 not only lead to a clean energy sector but also

lead to the lowest overall emissions.
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Table 6.8. Electricity sector CO; emissions, total CO, emissions of all sectors by scenarios.

TOTAL CO, PERCENTAGE OF THE
SCENARIOS FLECTRICITY SECTOR EMISSIONS OF ALL ELECTRICITY SECTOR
CO, EMISSIONS (k) SECTORS (kt) EMISSIONS

1 BASE 14,308,605 50,469,840 28.4%
2 C_40CCSH 3,130,283 31,335,612 10.0%
3 C_40FP80 1,519,306 31,354,630 4.8%

4 C_40NUCF 2,708,370 31,337,624 8.6%

5 C_40TAX2 3,135,398 31,335,612 10.0%
6 C4CCSHT2 3,130,283 31,335,612 10.0%
7 C4CHF8T2 1,519,412 31,354,633 4.8%

8 CACHFP80 1,519,412 31,354,633 4.8%

9 CAFP80T2 1,519,306 31,354,630 4.8%

10 C4ANFF8T2 1,425,868 31,354,446 4.5%

11 C4ANFFP80 1,425,868 31,354,446 4.5%

12 CANFT2 2,708,370 31,337,624 8.6%

13 CCSHFP80 12,963,616 48,115,434 26.9%
14 CCSHT2 11,432,806 46,367,499 24.7%
15 CHFP80T2 9,093,565 42,762,048 21.3%
16 FP8OTAX2 10,844,927 44,513,855 24.4%
17 NFP80T2 7,801,833 41,487,764 18.8%
18 NUCFFP80 9,204,380 44,361,583 20.7%
19 | NUCFTAX2 10,234,292 45,311,400 22.6%
20 RS_C_20 8,586,609 40,934,970 21.0%
21 RS_C_40 3,135,398 31,335,612 10.0%
22 RS_CCSH 14,668,273 50,822,442 28.9%
23 RS_CCSL 14,505,596 50,668,251 28.6%
24 RS_FP40 14,742,594 51,042,139 28.9%
25 RS_FP80 12,160,327 47,305,321 25.7%
26 RS_NUCF 10,817,858 46,983,861 23.0%
27 RS_NUCS 13,614,538 49,771,592 27.4%
28 RS_TAX10 13,701,637 49,393,336 27.7%
29 RS_TAX20 13,513,444 48,429,594 27.9%
30 RS_TAX40 9,310,365 42,927,861 21.7%




Table 6.9. The tax amounts for each period by applied tax scenarios.
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Scenarios |2006|2011|2016 | 2021 | 2026 | 2031 | 2036 | 2041 | 2046 | 2051 | Total Tax Electricity | Total System
Sector Cost Cost

BASE 0 0 0 0 0 0 0 0 0 0 0 174,003 3,588,205
C_40TAX2 | 0 0 (1,401|1,399|1,424|1,395|1,381|1,379(1,400|1,408| 55,935 236,565 3,686,708
C4CCSHT2| O 0 [1,401]1,399(1,424(1,395|1,381|1,379|1,400(1,408| 55,935 238,473 3,686,477
CACHF8T2 | 0 0 (1,401|1,399|1,424|1,395|1,381|1,379(1,400|1,408| 55,935 307,269 3,839,154
C4FP80T2 | O 0 [1,401]1,399(1,424(1,395|1,381|1,379|1,400(1,408| 55,935 307,524 3,839,410
CANFF8T2 | O 0 (1,401|1,399(1,424|1,395(1,381|1,379|1,400(1,408| 55,935 315,813 3,841,520
CANFT2 0 0 (1,401|1,399|1,424|1,395|1,381|1,379(1,400|1,408| 55,935 261,070 3,697,779
CCSHT2 0 0 (2,179|2,168(2,191|2,168|2,137|2,099|2,090(2,113| 85,732 178,182 3,596,471
CHFP80T2 | 0 0 (2,217|2,103|2,100(1,969/1,939(1,910{1,871|1,910| 80,089 234,872 3,769,201
FP8OTAX2 | O 0 (2,222|2,096|2,103(1,995|2,004|2,000{1,998|2,055| 82,356 230,410 3,763,432
NFP80T2 | O 0 (2,181|2,057|2,032|1,806|1,847|1,860(1,832|1,866| 77,404 259,378 3,777,230
NUCFTAX2| 0 0 (2,151|2,118|2,135(2,102|2,059|2,046|2,050(2,066| 83,642 201,790 3,613,908
RS _TAX10| O 0 [1,148]1,154(1,174(1,154|1,141|1,147|1,144|1,155| 46,084 174,189 3,588,731
RS_TAX20| 0O 0 (2,181|2,172{2,217|2,215|2,205|2,209|2,236|2,273| 88,543 175,117 3,590,646
RS_TAX40| 0 0 (4,191|4,147|3,781|3,602|3,695|3,756(3,961|4,146| 156,391 | 186,047 3,608,640

When Tables 6.4 and 6.6 are analyzed, it can be seen that total electricity sector
costs of “C4ANFF8T2 and C4NFFP80”, “C_40FP80 and C4FP80T2”, “C4ACHF8T2 and
C4CHFP80”, “C_40NUCF and C4ANFT2”, “C_40CCSH and C4CCSHT2” scenarios are

the same as it is explained in the previous sections because taxes are negative costs that are

paid to government by consumers or producers.

In a nutshell, this thesis study provides prominent information about Turkey’s

electricity sector. Furthermore, it gives significant comments and explanatory comments to

decision makers, policy makers and researchers about future of Turkey’s energy policy.

The energy sector of Turkey is developing rapidly, so the regarding data must be updated

as time passes. Different scenarios with various underlying assumptions can be

accomplished for future analyses.
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APPENDIX A: TECHNOLOGICAL DETAILS IN THE BASE
SCENARIO

Table A.1. Availability, fix and variable O&M costs and installed power of electricity

technologies in the BASE scenario.

Availability Fix O&M Cost Variact;:)esto&M Investment Cost Installed
(Fraction) (M pound/GW) (M pound/PJ) (M pound/GW) Power (GW)
Technology 2011 2021 2011 2021 2011 2021 2011 2021 2011 2021
E_BIOGAS_C 0.9 0.9 | 49.4023 | 49.4023 0 0 1111 1111 0.0249 | 0.0083
E_BIOGAS_D 0.95 0.95 90 90 6.2 6.2 3200 3200 0.0047 0
E_BIOMAS_E 0.85 0.85 42 42 0.13 0.13 1575 1575 0.063 | 0.0315
E_BIOMAS20 0.85 0.85 42 42 0.13 0.13 1409 1409 0 0
E_BIOMAS30 0.85 0.85 42 42 0.13 0.13 1304 1304 0 0
E_BIOMAS40 0.85 0.85 42 42 0.13 0.13 1198 1198 0 0
E_BIOMASGT 0.9 0.9 7 7 0.556 | 0.556 800 800 0 0
E_COA_E 0.5572 | 0.5572 | 15.2912 | 15.2912 | 0.326 | 0.326 750 750 6.852 | 4.568
E_COA_M 0.7227 | 0.7227 | 22.8259 | 22.8259 | 0.3204 | 0.3204 758 758 2.8543 | 1.9029
E_COA_SGB | 0.8374 | 0.8374 | 23.0476 | 23.0476 | 0.2238 | 0.2238 765 765 0.3 0.2
E_COA_SGL | 0.6113 | 0.6113 | 25.6585 | 25.6585 | 0.2597 | 0.2597 765 765 1.772 | 1.1813
E_COA _SPB | 0.8374 | 0.8374 | 23.0476 | 23.0476 | 0.2238 | 0.2238 765 765 0.1298 | 0.0865
E_COA _SPL | 0.6113 | 0.6113 | 25.6585 | 25.6585 | 0.2597 | 0.2597 765 765 0.753 | 0.502
E_COACO_20 0.9 0.9 18.7 18.7 0.3055 | 0.3055 767.8 767.8 0 0
E_COACO_C1 0.9 0.9 28.6 28.6 0.75 0.75 1064.8 1064.8 0 0
E_COACO_C2 0.9 0.9 28.6 28.6 0.75 0.75 916.3 916.3 0 0
E_COAIG_20 0.9 0.9 19 19 0.3333 | 0.3333 862 862 0 0
E_COAIG_30 0.9 0.9 19 19 0.3333 | 0.3333 835 835 0 0
E_COAIG_C2 0.9 0.9 26 26 0.7222 | 0.7222 1100 1100 0 0
E_COAIG_C3 0.9 0.9 26 26 0.7222 | 0.7222 944 944 0 0
E_COAPF_20 0.9 0.9 17 17 0.3055 | 0.3055 698 698 0 0
E_COAPF_30 0.9 0.9 17 17 0.3055 | 0.3055 635 635 0 0
E_COAPF_C2 0.9 0.9 26 26 0.75 0.75 833 833 0 0
E_COAPF_C3 0.9 0.9 26 26 0.75 0.75 802 802 0 0
E _DIE_E 0.8 0.8 0.434 0.434 1.24 1.24 500 500 0.21 0.21
E_DIE_EP 0.9 0.9 0.434 0.434 1.24 1.24 500 500 0.055 0.05
E_GEO 0.7 0.7 20 20 0 0 750 750 0.114 | 0.0855
E_HFO_E 0.8 0.8 15.9 15.9 0.0735 | 0.0735 500 500 0.8 0.8
E_HFO_EP 0.8 0.8 15.9 15.9 0.0735 | 0.0735 500 500 0.8125 | 0.8125
E_HFO_NGA | 0412 | 0412 3 3 0.0146 | 0.0146 500 500 3.3 3
E_HYD_LG 0.4 0.4 80 80 1.9394 | 1.9394 800 800 6.3613 | 4.5438
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Table A.1. Availability, fix and variable O&M costs and installed power of electricity
technologies in the BASE scenario (cont.).

E_HYD_LP 0.4 0.4 80 80 1.9394 | 1.9394 800 800 2.3542 | 1.6816
E_HYD_MEG 0.4 0.4 82.5 82.5 2 2 825 825 3.5539 | 2.5385
E_HYD_MEP 0.4 0.4 82.5 82.5 2 2 825 825 1.5445 | 1.1032

E_HYD_MG 0.372 | 0.372 145 145 3.5151 | 3.5151 1450 1450 0.0324 | 0.0232

E_HYD_MP 0.372 | 0.372 145 145 3.5151 | 3.5151 1450 1450 0.0171 | 0.0122

E_HYD_SG 0.4 0.4 85 85 2.0606 | 2.0606 850 850 0.6832 | 0.488

E_HYD_SP 0.4 0.4 85 85 2.0606 | 2.0606 850 850 0.6147 | 0.4391

E_LGAS 0.7 0.7 15 15 0 0 980 980 0.0041 | 0.0014
E_NGA_E 0.568 | 0.568 0.43 0.43 1.543 | 1.543 389 389 0 0
E_NGA_LGTC | 0.8306 | 0.8306 | 2.0097 | 2.0097 | 0.5653 | 0.5653 | 3957784 | 395.7784 | 2.503 | 2.503
E_NGA_LPCC | 0.7383 | 0.7383 | 5.319 5319 | 0.5653 | 0.5653 | 415.5673 | 415.5673 | 1.9887 | 1.9887

E_NGA_LPCR | 0.6891 | 0.6891 0.5653 | 0.5653 | 155.8377 | 155.8377 0 0
E_NGA_LPGR | 0.8624 | 0.8624 0.0142 | 0.0142 | 123.6684 | 123.6684 0 0
E_NGA_LPGT | 0.924 | 0.924 | 2.1973 | 2.1973 | 0.0142 | 0.0142 | 329.7823 | 329.7823 | 0.6136 | 0.6136
E_NGA_LTCR | 0.7752 | 0.7752 0.5653 | 0.5653 | 148.4169 | 148.4169 0 0
E_NGA_MGTC | 0.9 0.9 3 3 0.5556 | 0.5556 400 400 1.4893 | 1.4893
E_NGA_S GT | 0912 | 0912 | 3.687 3.687 | 0.0113 | 0.0113 | 336.378 | 336.378 | 0.143 | 0.143

E_NGACCP 0.8 0.8 7.94 7.94 | 0.5556 | 0.5556 420 420 0 0
E_NGAGT_20 0.9 0.9 6.6557 | 6.6557 | 0.556 | 0.556 380 380 0 0
E_NGAGT_30 0.9 0.9 6.2462 | 6.2462 | 0.556 | 0.556 357 357 0 0
E_NGAGT_C2 0.9 0.9 12.075 | 12.075 | 0.51 0.51 598 598 0 0
E_NGAGT_C3 0.9 0.9 12.075 | 12.075 | 0.5572 | 0.5572 502 502 0 0
E_NGAGT_C4 0.9 0.9 0 0

E_NGALPGTC | 0.8306 | 0.8306 | 2.0097 | 2.0097 | 0.5653 | 0.5653 | 395.7784 | 395.7784 | 4.7123 | 4.7123
E_NUCAGR_E 0.9 0.9 42.8 42.8 0.045 | 0.045 3826 3826 0 0
E_NUCEP_15 0.85 0.85 35 35 0.066 | 0.066 2065.4 2065.4 0 0
E_NUCEP_20 0.9 0.9 35 35 0.066 | 0.066 2100 2100 0 0
E_NUCGT_30 0.9 0.9 14.7 14.7 0.099 | 0.099 3573 3573 0 0
E_NUCMAG_E 0.9 0.9 42.8 42.8 0.045 | 0.045 5556 5556 0 0
E_NUCPWR_E 0.9 0.9 42.8 42.8 0.045 | 0.045 3826 3826 0 0

E_WND1_O 0.47 0.47 27 27 0 0 765.1072 | 691.9493 | 0.1958 | 0.1175

E_WND2_O 0.43 0.43 27 27 0 0 765.1072 | 691.9493 | 1.1622 | 0.6973

E_WND3_O 0.39 0.39 27 27 0 0 765.1072 | 691.9493 0 0

E_WND5_O 0.34 0.34 27 27 0 0 765.1072 | 691.9493 0 0

E_WND6_O 0.29 0.29 27 27 0 0 765.1072 | 691.9493 0 0
ECOAIGCH2 0.9 0.9 26 26 0.7222 | 0.7222 1100 1100 0 0
ECOAIGCHS3 0.9 0.9 26 26 0.7222 | 0.7222 994 994 0 0
ECOAIGCH4 0.9 0.9 26 26 0.7222 | 0.7222 944 944 0 0

EWAV--10 0.39 0.39 203 195 0 0 1947.47 | 1766.516 0 0
E_COACHP_N | 0.4412 | 0.4412 | 13.125 | 13.125 | 0.7248 | 0.7248 | 781.25 781.25 0 0

E_COKCHP | 0.5469 | 0.5469 | 0.43 0.43 1.543 | 1.543 1000 1000 0 0

E_COKCHP_N | 0.5469 | 0.5469 | 0.43 0.43 1.543 | 1.543 1000 1000 0 0
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Table A.1. Availability, fix and variable O&M costs and installed power of electricity
technologies in the BASE scenario (cont.).

E_HFOCHP_E | 0.6239 | 0.6239 | 13.125 | 13.125 | 0.724 | 0.724 | 78125 | 781.25 0 0
E_HFOCHP_N | 0.6239 | 0.6239 | 13.125 | 13.125 | 0.724 | 0.724 | 78125 | 78125 | 0.4742 | 0.1581
E_NGA MGTS | 0.6871 | 0.6871 | 7.94 794 | 0724 | 0724 | 78125 | 78125 | 0.2557 | 0.0853
E_ NGAGT D |0.6871 | 0.6871 | 7.94 794 | 0724 | 0724 | 550 550 0 0
E_NGAGT_ | |0.6871 | 0.6871 | 7.94 794 | 0.724 | 0724 | 550 550 0 0
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Table B.1. CO, emission coefficient (for all sectors) per activity in the BASE scenario for

resource technologies (kt/PJ).

Technology 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051
EXPDIE -74.1 -74.1 -74.1 -74.1 -74.1 -74.1 -74.1 -74.1 -74.1 -74.1
EXPHFO -17.4 -17.4 -17.4 -17.4 -17.4 -77.4 -77.4 -77.4 -17.4 -17.4
EXPJET -69.3 -69.3 -69.3 -69.3 -69.3 -69.3 -69.3 -69.3 -69.3 -69.3
EXPKER -71.9 -71.9 -71.9 -71.9 -71.9 -71.9 -71.9 -71.9 -71.9 -71.9
EXPLFO -73.3 -73.3 -73.3 -73.3 -73.3 -73.3 -73.3 -73.3 -73.3 -73.3
EXPLPG -63.1 -63.1 -63.1 -63.1 -63.1 -63.1 -63.1 -63.1 -63.1 -63.1

EXPMOIL -97.5 -97.5 -97.5 -97.5 -97.5 -97.5 -97.5 -97.5 -97.5 -97.5
EXPPET -70.0 -70.0 -70.0 -70.0 -70.0 -70.0 -70.0 -70.0 -70.0 -70.0
IMP_DIE 741 74.1 74.1 74.1 74.1 74.1 74.1 74.1 74.1 741
IMP_HFO 77.4 77.4 77.4 77.4 77.4 774 774 774 774 77.4
IMP_JET 69.3 69.3 69.3 69.3 69.3 69.3 69.3 69.3 69.3 69.3
IMP_KER 719 71.9 71.9 71.9 71.9 719 719 719 71.9 71.9
IMP_LFO 73.3 73.3 73.3 73.3 73.3 73.3 73.3 73.3 73.3 73.3
IMP_LPG 63.1 63.1 63.1 63.1 63.1 63.1 63.1 63.1 63.1 63.1

IMP_MISCO 97.5 97.5 97.5 97.5 97.5 97.5 97.5 97.5 97.5 97.5

IMP_NGA_1 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2

IMP_NGA_2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2

IMP_NGA_3 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2

IMP_NGA_4 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2

IMP_NGA_5 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2

IMP_NGA_6 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2

IMP_NGA_7 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
IMP_OIL 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
IMP_PET 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0
IMPOIL1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
IMPOIL3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
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Table B.2. CO, emission coefficient (for all sectors) per activity in the BASE scenario for

conversion or process technologies (kt/PJ).

Technology 2006 2011 2016 2021 2026 2031 2036 2041 2046 2051

CCS-STR-C -91.7 -91.7 -91.7 -91.7 -91.7 -91.7 -91.7 -91.7 -91.7 -91.7

CCS-STR-CP | -91.7 -91.7 -91.7 -91.7 -91.7 -91.7 -91.7 -91.7 -91.7 -91.7

CCS-STR-G -56.1 -56.1 -56.1 -56.1 -56.1 -56.1 -56.1 -56.1 -56.1 -56.1

CCS-STR-GP | -56.1 -56.1 -56.1 -56.1 -56.1 -56.1 -56.1 -56.1 -56.1 -56.1

E-IMP-D 51.7 51.7 51.7 51.7 51.7 51.7 51.7 51.7 51.7

SDCCO 91.4 91.4 914 914 914 914 91.4 914 914 914

SDHCOA 91.7 91.7 91.7 91.7 91.7 91.7 91.7 91.7 91.7 91.7

SDHCOB 91.7 91.7 91.7 91.7 91.7 91.7 91.7 91.7 91.7 91.7

SDNGA 56.1 56.1 56.1 56.1 56.1 56.1 56.1 56.1 56.1 56.1

SDNGA2 56.1 56.1 56.1 56.1 56.1 56.1 56.1 56.1 56.1 56.1

SDOIL 73.3 73.3 73.3 73.3 73.3 73.3 73.3 73.3 73.3 73.3

SDOIL2 73.3 73.3 73.3 73.3 73.3 73.3 73.3 73.3 73.3 73.3




APPENDIX C: THE LIST OF SCENARIOS

Table C.1. The list of generated scenarios.
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BASE The Base Scenario

BAUSOLF Previous Study’s Base Scenario

RS C 20 The 20% Emission Restriction Scenario

RS _C 40 The 40% Emission Restriction Scenario

RS_NUCF The Fast Nuclear Scenario

RS_NUCS The Slow Nuclear Scenario

RS_CCSH The High CCS Scenario

RS_CCSL The Low CCS Scenario

RS_TAX10 10 TL tax per tonne of CO, Emission Scenario

RS_TAX20 20 TL tax per tonne of CO, Emission Scenario

RS_TAX40 40 TL tax per tonne of CO, Emission Scenario

RS_FP40 40% Fuel Price Increase Scenario

RS_FP80 80% Fuel Price Increase Scenario

C_40TAX2 The Emission Restriction and Tax Scenario

C_40FP80 The Emission Restriction and Fuel Price Increase Scenario
FP8OTAX2 The Fuel Price Increase and Emission Tax Scenario

CAFP80T2 The Emission Restriction, Fuel Price Increase and Tax Scenario
NUCFTAX2 The Nuclear and Emission Tax Scenario

NUCFFP80 The Nuclear and Fuel Price Increase Scenario

NFP80T2 The Fast Nuclear, Fuel Price Increase and Emission Tax Scenario
C_40NUCF The Emission Restriction and Nuclear Scenario

CANFT2 The Nuclear, Emission Restriction and Tax Scenario

C4ANFFP80 The Nuclear, Emission Restriction and Fuel Price Increase Scenario
CANFF8T2 The Nuclear, Emission Restriction, Fuel Price Increase and Emission Tax Scenario
CCSHT2 The CCS and Tax Scenario

CCSHFP80 The CCS and Fuel Price Increase Scenario

CHFP80T2 The CCS, Fuel Price Increase and Tax Scenario

C_40CCsH The CCS and Emission Restriction Scenario

CACCSHT2 The CCS, Emission Restriction and Tax Scenario

CACHFP80 The CCS, Emission Restriction and Fuel Price Increase Scenario

CACHF8T2

The CCS, Fuel Price Increase, Emission Restriction and Tax Scenario
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