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Abstract

Turkey has an ongoing energy market reforms. The main aims of these reforms are in-

creasing the quality and sustainability of services. It has high yearly demand increase

which is foreseen as 7%. Therefore, it needs new generation investments. On the other

side, under the frame of power sector reforms, the privatization process of distribution

companies was completed in July 2013. Privatization process realized with the purpose

of decreasing electric power losses in Turkey. This thesis has explored the past and

present of losses and suggested strategies for the future while striving with the losses

by using the experiences which has been faced in the Dicle electricity distribution re-

gion having the largest loss ratio of Turkey. Losses in power sector depends on mainly

geographical structure, socio-economical factors, and political conditions. Therefore, it

requires various approaches in implementations of loss reduction plans which make the

process hard. This thesis is combining past and current situation with the experiences

from Dicle Region and suggests certain policies for loss reduction process in Turkey.

Keywords: Power Loss, Regulaton, Non-technical losses, Reform in Electricity Market,

Smart Metering



Türkiye'de Elektrik Kayb�n�n Dünü, Bugünü, ve Yar�n�

Mehmet Emre ÖLMEZ

Öz

Türkiye enerji piyasalar�nda reform ya³amaktad�r. Bu reformlar�n ana amac� hizmetlerdeki

kaliteyi ve sürdürülebilirli§i sa§lamakt�r. Y�ll�k yüzde 7 talep art�³� öngörülmektedir. Bu

nedenle yeni üretim yat�r�mlar�na ihtiyaç duyulmaktad�r. Di§er taraftan enerji sektörün-

deki reformlar kapsam�nda da§�t�m ³irketlerinin özelle³tirme süreci 2013 y�l� Temmuz

ay�nda tamamlanm�³t�r. Özelle³tirme süreci kay�p enerjiyi dü³ürme amac�yla gerçek-

le³mi³tir. Bu çal�³ma enerji kay�plar�n�n geçmi³ini ve mevcut durumunu inceleyerek gele-

cek için Türkiye'nin en yüksek kay�p oran�na sahip Dicle elektrik da§�t�m bölgesinde

ya³ananlar �³�§�nda kay�pla mücadelede strateji önerilerinde bulunmak için yap�lm�³t�r.

Enerji kay�plar� co§ra�k, sosyal, ekonomik, politik ³artlara ba§l� geli³mektedir. Bu ne-

denle kayb� azaltmaya amaçl� planlar�n farkl� yakla³�mlarla uygulanmas� gerekmektedir

ve bu durum süreci daha zor bir duruma getirmektedir. Bu çal�³ma geçmi³ ve mevcut du-

rumu Dicle Bölgesindeki tecrübelerle birle³tirerek Türkiye'nin enerji kay�plar�n� azalma

sürecine yönelik yakla³�mlar önermektedir.

Anahtar Sözcükler: Kay�p Kaçak, Düzenleme, Teknik Olmayan Kay�plar, Elektrik

Piyasalar�nda Reform, Ak�ll��ebekeler



v

dedicated to my wife and baby...



Acknowledgments

I would like to express my most sincere appreciation to my advisor Dr. Murat Küçükvar

for his support, contribution, patience, and guidance in the preparation process of this

work. I thank warmly Dr. Hatice Tekiner Mo§ulkoç for her support in our independent

study about electricity market analysis. I regard Dr. Vural Aksakall�, and Dr. Murat

Yalç�nta³ for their evaluations about my thesis. Finally, I wish to thank my wife, my

upcoming baby and my family for their support and encouragement throughout my

research.

vi



Contents

Declaration of Authorship ii

Abstract iii

Öz iv

Acknowledgments vi

List of Figures ix

List of Tables x

Abbreviations xi

1 Introduction 1
1.1 Statement of Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Research Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.3 Organization of Research . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2 Literature Review 6
2.1 General Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.2 Market Structure in Turkey . . . . . . . . . . . . . . . . . . . . . . . . . . 13

2.2.1 Electricity Sector Reforming In Turkey . . . . . . . . . . . . . . . . 14
2.2.2 Market Regulator . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
2.2.3 Electricity Transmission in Turkey . . . . . . . . . . . . . . . . . . 18
2.2.4 Electricity Generation in Turkey . . . . . . . . . . . . . . . . . . . 25
2.2.5 Electricity Distribution in Turkey . . . . . . . . . . . . . . . . . . . 26

2.3 Losses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
2.3.1 Terminology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
2.3.2 Financial Aspect of Losses . . . . . . . . . . . . . . . . . . . . . . . 31
2.3.3 Methodologies in Solving Loss Problem . . . . . . . . . . . . . . . 40

3 Losses in Turkey with the Experiences in Dicle Region 43
3.1 Why Dicle Selected to Analyze Turkey . . . . . . . . . . . . . . . . . . . . 47
3.2 What are done, and faced with what kind of obstacles in the realization

of projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
3.2.1 Collection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
3.2.2 Theft Detection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

3.3 What should be done to improve the projects . . . . . . . . . . . . . . . . 63

vii



Contents viii

4 Conclusion 66

A Annual Development of Number of Subscribers In Cities 69

B Annual Development of Consumption (MWh) In Cities 75

C Annual Development of Loss Ratios In Cities 80

D Annual Development of Losses (MWh) In Cities 87

E Annual Development of Accrual (MWh) In Cities 93

Bibliography 99



List of Figures

1.1 Loss Percentages in the World . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.1 Voyage of Electricity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.2 Power Liberalization Schema by John Byrne and Yu-mi Mun . . . . . . . 8
2.3 Reform in Turkish Electricity Market . . . . . . . . . . . . . . . . . . . . . 16
2.4 Interconnected Network of ENTSO-e . . . . . . . . . . . . . . . . . . . . . 19
2.5 Load Dispatching Centers in Turkey . . . . . . . . . . . . . . . . . . . . . 19
2.6 Weighted Average Costs in Turkish Electricity Market . . . . . . . . . . . 22
2.7 Shares of Bilateral Agreement Public vs. Private . . . . . . . . . . . . . . 22
2.8 Monthly Development of the Number of Eligible Consumers in Turkey . . 23
2.9 Annual Development of Minimum and Maximum Daily Consumption in

Turkey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
2.10 Annual Development of Installed Capacity(MW), Instantenous Peak(MW),

and Total Generation(GWh) . . . . . . . . . . . . . . . . . . . . . . . . . . 26
2.11 Map of Distribution Companies in Turkey . . . . . . . . . . . . . . . . . . 27
2.12 Dynamics of Losses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
2.13 Losses Schema by Emad S. Ibrahim . . . . . . . . . . . . . . . . . . . . . . 41

3.1 Annual Development of Losses in Turkey . . . . . . . . . . . . . . . . . . . 44
3.2 A House in the Village with 2 Air Conditioners . . . . . . . . . . . . . . . 50
3.3 A House in the Village with 2 Air Conditioners . . . . . . . . . . . . . . . 50
3.4 A Building Full of Air Conditioners . . . . . . . . . . . . . . . . . . . . . . 51
3.5 Illegal electricity usege for agricultural irrigation for pumping water to

ground and transporting on the ground . . . . . . . . . . . . . . . . . . . . 52
3.6 Mobile Transformers Used for Agricultural Irrigation Illegally . . . . . . . 53
3.7 Work Process of Utilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
3.8 Photos after the attacks to Dicle o�ces . . . . . . . . . . . . . . . . . . . . 55
3.9 Photos from the Demonstrations in Dicle . . . . . . . . . . . . . . . . . . . 56
3.10 Photo showing the reaction of municipality after cutting the electricity

due to accrued liability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
3.11 Work Process of Utilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
3.12 Segments of Electricity Network . . . . . . . . . . . . . . . . . . . . . . . . 62

ix



List of Tables

1.1 World Electricity Statistics . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2.1 Electricity Generation of OECD Countries in 2012 by Resources(MWh) . 10
2.2 Electricity Generation Installed Capacities of OECD Countries by Re-

sources (GWe) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.3 Per Capita Statistics of Electricity Generation and Installed Capacity in

OECD Countries for year 2012 . . . . . . . . . . . . . . . . . . . . . . . . 12
2.4 Electricity Statistics of OECD Countries in 2012 (MWh) . . . . . . . . . . 13
2.5 Peak Consumption Date Statistics in 2014 . . . . . . . . . . . . . . . . . . 20
2.6 Minumum Consumption Date Statistics in 2014 . . . . . . . . . . . . . . . 20
2.7 History of Generation, Consumption, and Losses in Turkey . . . . . . . . . 24
2.10 General Overview of Distribution Companies in Turkey . . . . . . . . . . . 28
2.11 Loss Targets of Distribution Companies Determined by EMRA in 2010 . . 32
2.12 Updated Loss Targets of Distribution Companies Revised by EMRA in 2013 32
2.13 Change in Tari�s Issued in First Month Year Over Year . . . . . . . . . . 33
2.14 Electricity Tari�s as of 1st of January (Without taxes and funds)2013-2015 34
2.15 Electricity Tari�s as of 1st of January (Without taxes and funds)2011-2012 35
2.16 Share of Items in Electricity Tari�s . . . . . . . . . . . . . . . . . . . . . . 36
2.17 Annual Development of Turkey's Electricity Generation by Primary En-

ergy Resources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

3.1 Losses Target in Turkey(%) . . . . . . . . . . . . . . . . . . . . . . . . . . 43
3.2 Annual Development of Electricity Statistics . . . . . . . . . . . . . . . . . 45
3.3 Annual Development of Loss Percentages of Utilities . . . . . . . . . . . . 46
3.4 Annual Development of Shares of Utilities in Total Amount of Lost Energy

in Turkey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
3.5 Dicle Region Monthly Consumption(MWh) . . . . . . . . . . . . . . . . . 49
3.6 Turkey Monthly Consumption(MWh) . . . . . . . . . . . . . . . . . . . . 49

A.1 Annual Development of Number of Subscribers In Cities . . . . . . . . . . 70

B.1 Annual Development of Consumption (MWh) In Cities . . . . . . . . . . . 76

C.1 Annual Development of Loss Ratios In Cities . . . . . . . . . . . . . . . . 81

D.1 Annual Development of Losses (MWh) In Cites . . . . . . . . . . . . . . . 88

E.1 Annual Development of Accrual (MWh) In Cities . . . . . . . . . . . . . . 94

x



Abbreviations

TE�A� Turkish Electricity Transmission Company

EMRA Energy Market Regulatory Authority

TEDA� Turkish Electricity Distribution Company

EP�A� Electricity Market Operating Company

EIA U.S. Energy Information Association

ENTSO-E European Network of Transission System Operators for Electricity

PPIAF Public Private Infrastructure Advisory Facility

BOT Build Operate Transfer

BO Build Operate

TOR Transfer of Operating Rights

DS� State Hydraulic Works

MTA General Directorate of Mineral Research Exploration

TEK TurkishElectricity Authority

TEA� Turkish Electricity Generation Transmission Company

TEDA� Turkish Electricity Distribution Company

EÜA� Turkish Electricity Generation Company

TETA� Turkish Electricity Contracting and Trading Company

xi



Chapter 1

Introduction

Energy is the main item of the world. It occupys people's agenda in daily life and

in political area. People want to satisfy their energy needing everytime. Therefore, the

policy makers strive for providing sustainable energy systems. They try to design systems

by diversifying energy sources, which would make them more eleastic to unexpected

cases which may a�ect energy supply for their citizens. On the other hand, energy issues

a�ect sustainability of the environment. Researches are being continued to provide new

technologies which has less adverse e�ects than conventional ones. However, there are

some other alternatives which would make the current circumstances more capable of

providing sustainable and environmentall �riendly systems. Losses in electric power

systems is one of these topics.

1.1 Statement of Problem

World is facing with developments as new technologies take place in our lives. They re-

quire energy source to get bene�t from them. Therefore the demand for energy increases

day by day. This problem is one of the main subjects being discussed in the energy

sector. People are arguing whether focusing on making the technologies more e�cient

in electricity usage or increasing energy sources to maintain sustainable energy. Another

part of these debates is the losses in electricity system. This phenomenon a�ects the

service quality of electricity system and causes ine�ciency in the system. Generation,

transmission and distribution of electrical energy involve many operational losses.[1]

1
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Table 1.1: World Electricity Statistics
Source:[2]
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2000 3.458 14.627 2 13.246 1.383 500 501 9%
2001 3.560 14.879 0 13.506 1.372 497 497 9%
2002 3.698 15.393 10 13.950 1.453 521 531 9%
2003 3.847 15.927 3 14.472 1.457 554 556 9%
2004 3.984 16.692 1 15.136 1.557 555 556 9%
2005 4.123 17.330 -1 15.720 1.609 617 616 9%
2006 4.303 18.033 2 16.401 1.634 618 620 9%
2007 4.479 18.867 3 17.181 1.689 629 632 9%
2008 4.650 19.157 2 17.453 1.706 615 617 9%
2009 4.853 19.093 6 17.388 1.711 582 588 9%
2010 5.081 20.437 5 18.680 1.763 588 593 9%
2011 5.315 21.182 2 19.397 1.788 648 650 8%
2012 5.550 21.532 14 19.710 1.835 668 682 9%

T
ur
ke
y

2000 27 119 3 99 24 0 4 19%
2001 28 117 4 97 23 0 5 19%
2002 32 123 3 103 24 0 4 19%
2003 36 134 1 110 24 1 1 18%
2004 37 144 -1 120 23 1 0 16%
2005 39 154 -1 129 24 2 1 16%
2006 41 168 -2 141 25 2 1 15%
2007 41 182 -2 154 27 2 1 15%
2008 42 188 0 160 27 1 1 15%
2009 45 185 -1 155 29 2 1 16%
2010 50 201 -1 170 30 2 1 15%
2011 53 219 1 187 32 4 5 15%
2012 57 228 4 197 36 1 6 15%

United States Energy Information Administration reported the world electricity statistics

in Table 1.1. In this table,

• The values for the whole world for 2012 show that 21,532 TWh electricity was

generated and 19,170 TWh of it was metered at consumer points. Therefore, 1,835

TWh of electrical energy was lost in the system.

• The values for Turkey for 2012 show that 228 TWh electricity was generated and

197 TWh of it was metered at consumer points. Therefore, 36 TWh of electrical

energy was lost in the system.
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The electricity loss percentage for year 2012 in the world is around 9% while it is around

15% in Turkey for the same period. Each country in the world has di�erent electricity

tari�s. When we look at the electricity loss problem in Turkey with �nancial percepective,

the cost of the loss is around 13.7 billion Turkish Liras. (the unit cost of electricity for

end users is around 0.38 krs / kWh in 2015) Regulators are supposed to design energy

market to maintain sustainable energy for customers. Losses cause some problems for

market sustainability.

The main e�ects of electricity losses can be listed as:

• It a�ects utility companies by unbalancing the �nancial conditions of the compa-

nies. Therefore it would have re�ections on the service quality of the companies.

• It a�ects the subscribers of the utility as they are exposed to use low quality services

which may be faced in the form of outages, �uctuations in the voltage etc. The

�uctuations may overload or underload the grid. This a�ects the performance and

even damage appliances of custormers.

• It a�ects generation plants to insert extra energy into the network. Unless the

loss is eliminated, it would force generating more energy. Especially in the case of

fraudulent persons who thieve energy from the utility uses energy with prodigality.

• It hardens managing the network because of unpredictable changes in the system.

• It hardens managing the market because of increasing the cost of the electricity

[1].

• It creates unrecorded economy for macro economy of the country. In the case of

Turkey around 23 percent of the bill amount is directly related with taxes and

governmental funds.

The problem is being subject to world media and occupying people's agenda. Some of

the headlines mentioning to this problem are:

• Electricity theft a bigger issue than you think [3].

• Saving on electricity by stealing it [4].

• Eliminating theft related power losses [5].
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Figure 1.1: Loss Percentages in the World
Source:[6]

1.2 Research Objectives

This research is prepared with the purpose of attracting attention to the losses phe-

nomenon and being helpful to develop well-directed strategies to mitigate electric power

loss problem in Turkey. The dynamics of the system resulting in this problem would

be mentioned as a guide to overcome it. Past and present of the losses in Turkey are

investigated to understand the causes and current situation of the problem. The survey

is conducted to bring solution alternatives by investigating literature and combining it

with the experiences obtained in the Dicle Electricity Distribution Region which has

a loss ratio around 75%. Then, solution alternatives presented to make country more

succesfull in the mitigation of losses for future.

1.3 Organization of Research

This thesis is composed of 4 chapters.

In Chapter 1, the thesis is introduced with the statement of problem, research objectives

of the thesis and organization of the research are explained.
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In Chapter 2, Literature is scanned to understand the problem with the academic studies

made about this problem. The market structure of the electricity power sector and the

losses explained.

In Chapter 3, Past and present values of distribution regions are analyzed to under-

stand Turkish Electricity System. The experiences in the Dicle Region, which is the

most important region in the process of mitigating losses problem from the agenda of

Turkey, explained and solutions proposed for overcoming with exposed obstacles during

the operation.

In Chapter 4, general evaluations are done by suggesting future works.



Chapter 2

Literature Review

2.1 General Overview

Electricity is the main item of today's world. Its importance is increasing day by day,

and becoming an essential item to survive. The world is facing with new technological

products which result in the increase of electricity utilization. The world is in the era of

liberal markets. Electricity markets were used to be monopoly. Most of the electricity

markets in the world are liberalizing with the spreading trend around the world. There

is a transition from monopoly to competitive market [7]. The characteristics which

make electricity market monopoly are being summarized by Leonardo Energy, the global

community for sustainable energy, managed by the European Copper Institute [8].

• Economies of scale: The rule of economies of scale in economics is valid in electricity

sector. The unit cost decreases as the capacity of investment increases.

• Capital Intensity: Investments in electricity market requires huge amount of money.

• Peak-load based: Electricity systems are designed to ful�ll demand every moment.

Although the investments may be idle after running in the peak periods, this fact

requires huge amount of investments.

• Locationality speciality: Electricity transfer and source transfer are between the

main problems in electricity system. Generation units closer to source is more

preferable than other alternatives and closer to consumption units are more prefer-

able. Investors give their decision with respect to these constraints.

6
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• Direct connection to consumers: Every consumer has to be connected to electricity

grid. It is better to control grid by one controller not to cause mess in the system.

When we think about the voyage of electricity to consumers, there are 4 main phases in

this trip: generation, transmission, distribution and utilization. It is visualised in Figure

2.1. These services were used to be performed by vertically integrated utilities. In many

cases, they were state-owned monopolies.

Figure 2.1: Voyage of Electricity

The liberalization process requires the unbundling of these phases. At the same time

private sector investors attend to electricity sector which was used to be state owned.

The balance between these 4 phases should be regulated by a regulator. Regulation must

balance obligations to both customers and regulated companies and also the costs and

bene�ts of the regulatory system itself. The interests of customers are price reduction

and protection against monopoly abuse; the interests of companies are fair return and

pro�t opportunities. Therefore, the major target of regulatory system are to prevent

monopoly abuse and encourage e�ciency increase and lower cost of regulated industry.

To reach this target, regulators must be aware with regulatory interventions distort the

industry structure, regulation intrusive interventions may bring burden to the system[8].

Regulation control price, quality of supply, market functioning, other areas about the

markets to ful�ll its responsibility to protect the interests of market participants.
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Power liberalization is schematized by the Center for Energy and Environmental Policy,

University of Delaware in Table 2.2[9]. Technological innovation, �nancial problems,

economic concerns, environmental concerns, socio-political concerns are stated as the

main drivers of power liberalization. These factors triggered each others and this results

in power sector reform. At the same time, the world is witnessing the re-design of markets

with respect to liberal economy rules as a result of globalization. The combination of

the need for reform in power sector and liberalization resulted in power liberalization.

Figure 2.2: Power Liberalization Schema by John Byrne and Yu-mi Mun
Source:[9]

In the Global Electricity Power Reform published by the World Bank, the principal

driving forces behind reform movement are listed as follows [10]:

• The poor performance of the state-run electricity sector in terms of high costs and

unreliable supply.

• The inability of the state sector to �nance needed expansions, investments in the

system and the maintenance of the network.

• Transferring the �nance used for subsidizing the sector to the other public needs.

• In the cases of �nancial turmoil, the need to increase government revenue by the

income from the sales of public owned assets.

There were no competition and motivation to improve performance during the period of

state ownership in electricity utilities. These conditions resulted in:
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• Excessive costs

• Low service quality

• Poor investment decisions

• Lack of innovation in supplying customers.

Electricity generation technologies and information systems related with metering and

dispatching power have improved in recent years. These changes have made new invest-

ment alternatives possible, which state owned enterprises have been too slow to adopt.

The private sector o�ers many new solutions to provide power at a lower cost, especially

to consumers with low levels of demand, through capabilities provided in customer service

and cost recovery mechanisms such as demand side management [11]. The combination

of emergence of private investors and developments in technologies related with utilities

improves business models in the sector [12].

Electricity industry is becoming global with increasing interconnections of electricity

networks. The reasons behind this fact are providing sustainable energy, maintaining

energy security, and making infrastructure adoptable with green energy technologies

[13].

Electricity sector was used to be managed by stated owned companies in monopolistic

market conditions. The expectations from today's global system requried huge invest-

ments as a result of growing economies, increasing e�ciency in generation to decrease car-

bon emissions and in wholesale markets to increase market participants' welfare. There-

fore, restructure in energy systems becomed main topics of governments since 1980s in

the world.

All systems are designed with the aim of increasing the welfare of people. Electricity

usage per capita is one of the most important indicators of welfare. On the other hand,

providing energy sustainability is the way of reaching welfare in electricity usage. Coun-

tries make energy investment with this purpose. Statistics for electricity utilization in

OECD countries are shown on Table 2.4, Table 2.1, Table 2.2, and Table 2.3.
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Table 2.1: Electricity Generation of OECD Countries in 2012 by Resources(MWh)
Source:[14]
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Australia 171 4 50 2 227 14 - 8 249
Austria 6 1 10 5 22 48 - 3 73
Belgium 5 0 24 7 36 40 2 5 83
Canada 64 7 68 9 147 95 381 12 634
Chile 25 6 13 5 49 20 0 70
Czech Republic 47 0 1 3 52 30 3 3 88
Denmark 11 0 4 5 20 0 10 31
Estonia 10 0 0 1 12 0 0 12
Finland 11 0 7 11 30 23 17 1 70
France 22 4 22 7 55 425 64 20 564
Germany 287 8 78 51 423 99 28 0 79 630
Greece 31 6 13 0 51 5 6 61
Hungary 6 0 9 2 18 16 0 1 35
Iceland 0 - 0 12 5 18
Ireland 8 0 14 0 23 1 4 28
Israel 39 13 11 0 63 0 0 63
Italy 54 19 129 15 217 44 6 33 299
Japan 303 181 397 39 920 16 84 3 12 1.034
Korea 239 21 112 2 374 150 8 3 535
Luxembourg 0 - 2 0 3 1 0 4
Mexico 34 56 151 3 244 9 32 6 4 294
Netherlands 27 1 56 9 93 4 0 5 103
New Zeland 4 - 9 1 13 23 6 2 44
Norway 0 0 3 0 3 143 2 148
Poland 136 2 6 10 155 2 5 162
Portugal 13 2 11 3 29 7 0 11 47
Slovak Republic 4 1 3 1 8 16 4 1 29
Slovenia 5 0 1 0 6 6 4 0 16
Spain 56 15 73 6 150 61 24 62 298
Sweden 1 1 1 13 16 64 79 7 167
Switzerland -0 0 1 3 4 25 40 0 70
Turkey 68 2 105 1 175 58 1 6 239
United Kingdom 144 3 100 17 264 70 8 21 364
USA 1.643 33 1.265 79 3.020 801 298 18 153 4.291
OECD 3.478 387 2.745 312 6.923 1.952 1.453 45 477 10.849
WORLD 9.359 1.128 5.100 439 16.025 2.461 3.756 70 439 22.752
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Table 2.2: Electricity Generation Installed Capacities of OECD Countries by Resources
(GWe)

Source:[14]
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Australia 30,91 1,48 17,53 0,55 50,46 - 8,79 3,97 63,22
Austria 2,11 0,17 5,40 0,48 8,16 - 13,08 1,68 22,92
Belgium .. .. .. .. 9,46 5,93 1,43 3,95 20,77
Canada 13,85 6,91 13,63 4,56 38,94 12,67 75,57 7,02 134,20
Chile 3,96 2,51 4,66 0,83 11,96 - 5,99 0,20 18,15
Czech Republic 11,92 - .. .. 11,92 4,04 2,21 2,28 20,45
Denmark 5,53 1,68 2,07 0,23 9,50 - 0,01 4,56 14,07
Estonia 2,38 - 0,25 0,02 2,64 - 0,01 0,27 2,92
Finland 7,90 0,77 2,03 .. 10,69 2,75 3,20 0,27 16,91
France 7,91 10,36 9,49 .. 27,76 63,13 25,37 12,98 129,24
Germany .. .. .. .. 89,64 12,07 11,26 64,32 177,29
Greece 4,56 2,50 4,12 4,61 15,78 - 3,24 3,29 22,31
Hungary 1,34 0,41 5,10 0,16 7,00 2,00 0,06 0,34 9,40
Iceland .. 0,11 .. .. 0,11 - 1,88 0,67 2,66
Ireland 1,20 1,15 3,89 0,05 6,28 - 0,53 1,96 8,77
Israel 4,84 0,06 9,21 0,05 14,16 - 0,01 0,23 14,40
Italy 11,20 9,87 52,74 2,98 76,79 21,88 25,56 124,23
Japan 51,96 41,16 46,68 .. 139,80 46,15 48,97 9,71 295,23
Korea .. .. .. .. 65,53 20,72 6,45 1,49 94,19
Luxembourg - - 0,49 0,03 0,53 - 1,13 0,13 1,79
Mexico 6,02 9,34 31,30 0,05 46,71 1,61 11,65 2,17 62,14
Netherlands .. .. .. .. 26,51 0,51 0,04 2,86 29,92
New Zeland 0,91 0,16 1,73 0,08 2,87 - 5,25 1,37 9,49
Norway 0,01 0,02 1,42 0,12 1,56 - 29,97 0,75 32,28
Poland 28,41 0,45 0,93 0,59 30,36 - 2,35 2,57 35,28
Portugal 2,26 2,06 4,96 0,08 9,35 - 5,72 4,68 19,75
Slovak Republic 1,43 0,13 1,61 0,25 3,41 1,94 2,52 0,54 8,41
Slovenia 0,85 - 0,38 0,04 1,27 0,69 1,25 0,14 3,35
Spain .. .. .. .. 49,78 7,45 18,55 29,38 105,16
Sweden .. .. .. .. 8,36 9,44 16,41 3,63 37,84
Switzerland 0,27 0,09 0,25 0,35 0,95 3,28 15,59 0,49 20,31
Turkey 13,17 1,29 20,40 0,17 35,03 - 19,61 2,42 57,06
United Kingdom 26,60 4,22 35,50 3,20 69,52 9,95 4,43 10,60 94,50
USA 311,47 46,89 422,37 12,63 793,36 101,89 101,11 71,54 1.067,90
OECD 552,94 143,77 698,12 32,09 1.663,91 306,19 465,50 277,98 2.713,58
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Table 2.3: Per Capita Statistics of Electricity Generation and Installed Capacity in
OECD Countries for year 2012

Source:[14]

Countries
Installed Gross Gross
Capacity Generation Supply
GW percapita TWh percapita TWh percapita

Australia 63,22 2,73 248,94 10.762,65 233,74 10.105,49
Austria 22,92 5,83 72,62 18.478,37 68,12 17.333,33
Belgium 20,77 1,88 83,07 7.517,65 88,17 7.979,19
Canada 134,20 3,85 634,45 18.189,51 576,55 16.529,53
Chile 18,15 1,04 69,75 4.008,62 65,85 3.784,48
Czech Republic 20,45 1,95 87,57 8.332,06 62,97 5.991,44
Denmark 14,07 4,54 30,73 9.912,90 34,23 11.041,94
Estonia 2,92 0,71 11,97 2.905,34 8,27 2.007,28
Finland 16,91 2,75 70,40 11.447,15 85,00 13.821,14
France 129,24 1,98 564,28 8.624,18 488,58 7.467,22
Germany 177,29 2,16 629,81 7.688,11 564,11 6.886,11
Greece 22,31 2,01 60,96 5.482,01 55,16 4.960,43
Hungary 9,40 0,95 34,59 3.486,90 40,29 4.061,49
Iceland 2,66 8,31 17,55 54.843,75 17,05 53.281,25
Ireland 8,77 1,91 27,59 6.010,89 26,59 5.793,03
Israel 14,40 1,82 63,04 7.969,66 53,44 6.756,01
Italy 124,23 2,04 299,28 4.913,48 328,18 5.387,95
Japan 295,23 2,31 1.034,31 8.109,06 982,41 7.702,16
Korea 94,19 1,88 534,62 10.692,40 509,52 10.190,40
Luxembourg 1,79 3,38 3,81 7.188,68 6,41 12.094,34
Mexico 62,14 0,53 293,86 2.510,55 277,16 2.367,88
Netherlands 29,92 1,79 102,51 6.120,00 115,81 6.914,03
New Zeland 9,49 2,14 44,30 9.977,48 42,80 9.639,64
Norway 32,28 6,43 147,85 29.452,19 127,05 25.308,76
Poland 35,28 0,92 162,14 4.206,93 144,14 3.739,88
Portugal 19,75 1,87 46,61 4.405,01 51,81 4.896,50
Slovak Republic 8,41 1,55 28,66 5.297,60 26,16 4.835,49
Slovenia 3,35 1,63 15,73 7.633,50 13,53 6.565,53
Spain 105,16 2,28 297,56 6.446,27 270,36 5.857,02
Sweden 37,84 3,97 166,56 17.495,27 141,26 14.837,71
Switzerland 20,31 2,56 69,87 8.810,21 63,57 8.015,76
Turkey 57,06 0,76 239,50 3.197,53 230,50 3.077,37
United Kingdom 94,50 1,48 363,84 5.710,80 353,94 5.555,41
USA 1.067,90 3,40 4.290,55 13.651,98 4.099,85 13.045,20
OECD 2.713,58 2,17 10.848,80 8.673,35 10.252,40 8.196,54
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Table 2.4: Electricity Statistics of OECD Countries in 2012 (MWh)
Source:[14]
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Australia 248,94 15,1 6,07 0,1 233,74 34,4 14,72 199,34
Austria 72,62 23,3 20,5 1,7 2,34 5,6 68,12 5,1 7,49 63,02
Belgium 83,07 16,8 6,9 3,1 3,73 1,7 88,17 6,8 7,71 81,37
Canada 634,45 10,9 57,9 10,7 1,69 0,2 576,55 74,6 12,94 501,95
Chile 69,75 3,9 5,59 65,85 4,2 6,38 61,65
Czech Republic 87,57 11,6 28,7 6,5 7,42 1 62,97 6,3 10,00 56,67
Denmark 30,73 15,9 10,7 1,5 4,88 0,2 34,23 3,1 9,06 31,13
Estonia 11,97 2,7 5 1,4 11,70 8,27 1,3 15,72 6,97
Finland 70,4 19,1 1,6 2,7 3,84 0,2 85 4,2 4,94 80,8
France 564,28 12,2 56,7 24,5 4,34 6,7 488,58 57,8 11,83 430,78
Germany 629,81 46,3 66,8 37,1 5,89 8,1 564,11 38,3 6,79 525,81
Greece 60,96 6 4,2 7,3 11,98 0,3 55,16 3,1 5,62 52,06
Hungary 34,59 17 9 2,3 6,65 40,29 5,1 12,66 35,19
Iceland 17,55 0,3 1,71 0,2 17,05 0,7 4,11 16,35
Ireland 27,59 0,8 0,4 1,1 3,99 0,3 26,59 2,2 8,27 24,39
Israel 63,04 4,4 5,2 8,25 53,44 2,1 3,93 51,34
Italy 299,28 45,4 2,3 11,5 3,84 2,7 328,18 31,5 9,60 296,68
Japan 1034,31 40,7 3,93 11,2 982,41 59,7 6,08 922,71
Korea 534,62 20,3 3,80 4,8 509,52 28,5 5,59 481,02
Luxembourg 3,81 6,7 2,6 0 - 1,5 6,41 0,1 1,56 6,31
Mexico 293,86 2,3 6,6 12,4 4,22 277,16 50,2 18,11 226,96
Netherlands 102,51 32,2 15 3,9 3,80 115,81 9,3 8,03 106,51
New Zeland 44,3 1,5 3,39 42,8 3,6 8,41 39,2
Norway 147,85 4,2 22 0,5 0,34 2,5 127,05 18,2 14,33 108,85
Poland 162,135 9,8 12,6 14,6 9,00 0,6 144,135 21,4 14,85 122,735
Portugal 46,605 10,8 2,9 1,4 3,00 1,3 51,805 5,6 10,81 46,205
Slovak Republic 28,66 13,5 13,1 2,5 8,72 0,4 26,16 2,2 8,41 23,96
Slovenia 15,725 7,5 8,4 1 6,36 0,3 13,525 1 7,39 12,525
Spain 297,56 7,8 19 11 3,70 5 270,36 31 11,47 239,36
Sweden 166,555 11,7 31,3 3,7 2,22 2 141,255 14 9,91 127,255
Switzerland 69,865 31,5 33,7 1,7 2,43 2,4 63,565 4,6 7,24 58,965
Turkey 239,495 5,8 3 11,8 4,93 230,495 37,7 16,36 192,795
United Kingdom 363,835 13,8 1,7 18 4,95 4 353,935 36,3 10,26 317,635
USA 4290,545 59,3 12 213,3 4,97 24,7 4099,845 373 9,10 3726,845
OECD 10848,8 444,7 459 494,2 4,56 87,9 10252,4 967,2 9,43 9285,2
WORLD 22752,2 681,1 677 1183,1 5,20 114,3 21459 2546,9 11,87 18912,1

2.2 Market Structure in Turkey

The market conditions and reform policy changed from country to country according

to its governmental agenda. Reform, regulation, deregulation, unbundling, privatization

were the names used for the transformation in electricity markets. The fundemental

principles of electricity market reforms are [15]:

• Unbundling of generation, transmission and distribution assets
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• Open access to transmission grid

• Establisment of independent regulator

• Competititon in the wholesale market

2.2.1 Electricity Sector Reforming In Turkey

Turkey tried di�erent methodologies in the reforming process. Build Operate Transfer

(BOT), Build Operate (BO), Transfer of Operating Rights (TOR) were the methods

applied in the earlier times of this course. The operations realized with these methods

faced with problems in legislation and the reform process proceeded slowly. Global

conditions, economic crisis, European Union membership process are the factrors which

accelerated the reforms in Turkish Electricity System[15]. Turkey faced with economic

crisis in 1990s and they resulted in stand by agreements with International Monetary

Fund and World Bank. After that, some legal amendments done which would facilitate

privatizations through the sale of TOR contracts [16] [17] [18].

Milestones in Turkish Electricity System [14][19]

• In 1902, The �rst power generation had been by a 2 kWh dynamo connected to

water-mill in Tarsus-Mersin

• In 1913, Silahtaraga Power Plant was put into service

• In 1935, Operating the power industry under the leadership of State was started

upon the establishment of Etibank by the Law No:2805

• In 1948, a big number of thermal and hydraulic power plants constructed by DSI

(State Hydraulic Works) and with the supports of MTA (General Directorate of

Mineral Research Exploration), E�E� (General Directorate of Electrical Power

Resources Survey and Development Administration) and Iller Bankasi (Bank of

Provinces) were connected to national power grid.

• In 1970, Turkish Electricity Authority (TEK) was founded by the Law No:1312,

with the aim of servicing in electricity sector in departments of generation, trans-

mission, distribution and trade.
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• In 1982, The electricity facilities of municipalities and unions were handed over to

TEK.

• In 1993, TEK was split into two seperate public owned enterprises by the decision of

the Council of Ministers depending on upon the Decree-in Law 233, namely Turk-

ish Electricity Generation Transmission Company (TEA�) and Turkish Electricity

Distribution Company (TEDA�)

• In 2001, TEA� was split into three seperate public owned enterprises by Law 4828,

namely Turkish Electricity Transmission Company (TE�A�), Electricity Genera-

tion Company (EÜA�), and Turkish Electricity Conracting and Trading Company

(TETA�)

• In 2013, Regional Distribution Companies were split into two comanies as Distri-

bution Companies and Retail Companies

• In 2015, Electricity Market Operating Company (EP�A�) established and in-day

market started to operation as a phase of transforming the market structure into

stock market.

Legal Framework of Turkish Electricity Market

Electricity Market is regulated by Energy Market Regulatory Authority whose mission

is de�ned in the law 4628. Electricity Market Law (Law number 6446) and Renewable

Energy Usage in Electricity Generation Law (Law number 5346) are the main rules of

Turkish electricity market[19].

Electricity Market Law

This law aims to ensure the development of a �nancially sound and transparent electric-

ity market operation in a competitive environment and the delivery of su�cient, good

quality, low cost and environmentally friendly electricity to consumers and to ensure the

autonomous regulation and supervision of this market. It covers generation, transmis-

sion, distribution, wholesale, retail, import, export of electricty, market management,

rights and obligations of all real persons and legal entities directly involved in these

activities. The activities in electricity market are

• Generation: Conversion of energy sources into electrical energy.



Chapter 2. Literature Review 16

Figure 2.3: Reform in Turkish Electricity Market

• Transmission: Transfer of electrity via network having voltage level greater than

36 kV.

• Distribution: Transfer of electricty via network having voltage level lower than 36

kV.

• Wholesale: Sale of electricity to somebody who will sell it to other actors in the

market.

• Retail: Sale of electricity to last users.

• Market Management: Managing the market composed of the actors related with

generation, transmission, distribution, wholesale, retail, import, export.

• Import: Buying electricity from other countries.

• Export: Selling electrity to other countries.

The legal institutions who want to attend in electricity market with activities listed above

must have license for their operation from Energy Market Regulatory Authority (EMRA).

On the other hand EMRA is encouraging establishment of power plants with small size

for their own needs to spread the investments with renewable technologies, especially

wind and solar. Maximum capacity for small sized facilities is being determined by
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EMRA and they have to get connection approval from regional distribution companies

in which is planned to be located.

Renewable Energy Usage in Electricity Generation Law

This law aims to increase renewable source usage in energy generation which will have

a�ects on diversifying energy resources, decreasing carbon emissions and protecting en-

vironment from dangerous a�ects which may occur as a result of conventional generation

techniques. The certi�cation process of renewable energy usage in electricity generation

and the incentives are detailed in this law. Incentive mechanism has two types. They

distinguishes according to generetaion technique and the addition of domestic production

in investments. An investor in renewable has the alternative to sell its generation with

feed in tari� prices for 10 years.

2.2.2 Market Regulator

Energy Market Regulatory Authorithy is the regulator of Energy Market in Turkey. It

regulates natural gas, electriciy, petroleum, lpg markets. Its responsibilities are stated

in law 4628. The missions about electricity market mentioned are:

• Evaluating license applications to be participant in electricity sector. (Generation,

Organized Industry Area Generation, Transmission, Market Operation, Distribu-

tion, Organized Industry Area Distribution, Supply)

• Determining electricity wholesale, transmission, distribution, retail tari�s.

• Determining eligible consumer limits every year.

• Make regulations necessary for the delivery of su�cient, good quality, low cost and

environmental friendly electricity to consumers.

• Determining �nancial reporting standards and management information systems

according to accepted accounting rules for licence owners.

• Following market development and preparing market development reports.

• Preparing amendment proposals to make market compatible with changing condi-

tions.
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• Auditing the market and penalize the participants in case of the executions against

the rules.

2.2.3 Electricity Transmission in Turkey

Electricity transmission is de�ned in law 6446 as transfer of electrity via network having

voltage level greater than 36 kV. This operation is managed by TE�A� (Turkish Electric-

ity Transmission Company) TE�A� has managing position of Turkish Electricity System

and Turkish Electricity Market. The main mission is meeting electricity demand in a

timely manner via load dispatching as a system operator. It signed long term operation

agreement with ENTSO-E (European Network of Transmission System Operators for

Electricity) with the aim of stabilizing electricity frequency which is the quality parame-

ter of electricity and incresing the security of supply. TE�A� also has the market operator

role until July 2015. Day Ahead Market and Settlement activities are transferred to the

company Electricity Market Enterprises Company (EP�A�)

System Operator Roles

TE�A� is system operator. The responsibilities of this role are:

• Forecasting demand a day ahead

• Maintaining the real time balance by providing the quality standard in electricity

supply

• Determination of the regions for load pick-up and load throw o� proposals

• Operating the system with minimum electricity loss

TE�A� operates load dispatching via 9 main load dispathcing regions showed on the

Figure 2.5. Load dispatching centers operates network with the responsibility of real

time balancing between supply and demand.

Demand can change each moment of time. TE�A� as system operator has to provide

the balance between supply and demand. In 2014, The maximum consumption occurred

on August 14th and the minimum consumption occurred on October 4th. When we

compare the total amount the consumption of the maximum date is as much as 2 times
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Figure 2.4: Interconnected Network of ENTSO-e
Source:[20]

Figure 2.5: Load Dispatching Centers in Turkey
Source:[14]
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Table 2.5: Peak Consumption Date Statistics in 2014
Source:[14]
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TRAKYA YTM �K�TELL� 77.886 113.629 6.284 14:30 69%
KBA YTM ADAPAZARI 184.457 167.925 8.674 14:40 110%
BA YTM I�IKLAR 180.119 127.283 6.298 14:10 142%
OA YTM GÖLBA�I 44.889 87.645 4.467 14:00 51%
GDA YTM KEBAN 122.309 134.586 6.271 14:30 91%
O.KARADEN�Z YTM SAMSUN 50.268 29.697 1.602 14:20 169%
D.AKDEN�Z YTM ADANA 93.912 73.118 3.377 14:20 128%
B.AKDEN�Z YTM ANTALYA 47.999 64.731 3.266 14:40 74%
DA YTM ERZURUM 16.401 21.038 999 14:00 78%

Table 2.6: Minumum Consumption Date Statistics in 2014
Source:[14]
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TRAKYA YTM �K�TELL� 62.002 58.314 2.852 20:30 106%
KBA YTM ADAPAZARI 134.110 91.896 4.292 20:00 146%
BA YTM I�IKLAR 96.931 64.433 2.909 20:00 150%
OA YTM GÖLBA�I 25.010 42.669 2.217 22:10 59%
GDA YTM KEBAN 34.395 54.578 2.602 20:10 63%
O.KARADEN�Z YTM SAMSUN 10.458 20.210 1.059 20:00 52%
D.AKDEN�Z YTM ADANA 46.185 40.661 1.865 19:40 114%
B.AKDEN�Z YTM ANTALYA 6.328 32.660 1.686 20:00 19%
DA YTM ERZURUM 8.657 18.856 1.003 19:30 46%

of the consumption in the minimum date. The main objective of operator in system

network management is feeding the system with the cheapest energy while maintaining

the quality standards of the system. The method of providing the cheapest energy is

selecting the energy source of minimum cost or decreasing the operational energy loss.

The generation and consumption amounts occured on peak and minimum dates shows

that energy demand may not be met from the same center. Therefore electricity tra�c

occurs between regions.

Loss is one of the major issues in electricity systems. It may occur in transmission phase

and in distribution phase. In 2014 the loss percentage of Turkish Electricity System is
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at the levels of 15The historical development in the transmission loss is shown on �gure

2.7. It can be seen that the transmission loss level decreased from 5 % in 1984 to 2.5%

in 2013

Market Operator Roles

Market participants are the legal entities having the license for generation, supply, dis-

tribution, transmission. Market operator is EPIAS. It is responsible for operating day

ahead market, intra day market, data sharing and settlement activities with the princi-

ples of indiscriminancy, transparency. The shareholders of EPIAS are TEIAS (30% A

Group Share), BIST (30% B Group Share and 4,16% C Group Share) and 97 private

investors (35,84% C Group Share)

Balancing mechanism is the complementary of bilateral aggreements in the electricity

markets and it covers the activities of day ahead balancing, intra day balancing and

real time balancing. Day ahead balancing is done by collecting the supply and demand

values from the market participants and determining the price of electricity for each

hours of the next day. Intra day balancing is the activities of balancing consumption

and production of market participants. If a di�erence occurs between the day ahead

prediction and actual values, the di�erences are priced in intra day market.

The cost is being calculated by market operator within the scope of settlement activi-

ties.Real time balancing is the composition of ancillary services and balancing market.

Balancing market provides network operator the ability to insert extra capacity to sys-

tem. Frequency and demand controls are provided by ancilliary services. Market oper-

ator (EPIAS) and Network operator coordinates the system and operates for balancing

supply and demand every time.

The characteristic of the cost of electricity shows seasonality behavior shown in Figure

2.6.It decreases with the increase of available cheap sources, especially in spring. On the

other side, it increases with the decrease of available cheap sources and the increase of

demand by inserting expensive sources to the system, especially in summer and winter.

The transformation of electricity sector has re�ections on weight of public actors and

private actors in the market. At the end of 2011 the share of public related companies

were above 80% over the bilateral agreements in the electricity market. Nowadays it

decreased to the levels of 55% shown in Figure 2.7.
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Figure 2.6: Weighted Average Costs in Turkish Electricity Market
Source:[21]

Figure 2.7: Shares of Bilateral Agreement Public vs. Private
Source:[21]
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Figure 2.8: Monthly Development of the Number of Eligible Consumers in Turkey
Source:[21]

Liberalization of electricity markets gives opportunity to customers to select their elec-

tricity supplier. The consumers who select this opportunity are called as eligible con-

sumer. The Figure 2.8 shows the development in the number of eligible consumers on

monthly basis. Nowadays the number of eligible consumers is around 1.7 million, which

was around 0.2 milliyon 2 years before.
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Figure 2.9: Annual Development of Minimum and Maximum Daily Consumption in
Turkey

Source:[14]

2.2.4 Electricity Generation in Turkey

Generation plants were used to be state owned. As a result of liberalization process

in electricity system, private investors started to take place in generation sector. Also

the changes in generation techniques and entrance of renewable technologies caused this

reality. The entrance of renewable technologies has been accelerated by private investors.

The installed capacity for Hydro + Geotherm + Wind was 1,375 MW in 2006 and it

was 11,574 in 2013. Nowadays, EMRA is organizing tenders for solar power plants and

expansion of wind power plants.

Electricity storage is one of the main topics of sector. Since the current technologies are

not feasible for storing energy, the systems should provide energy needing by generation

whenever it occurs. Therefore, the system needs generation infrastructure ever moment.

Some part of total capacity may be idle except the period of puant consumption. Annual

minimum daily consumotion and maximum daily consumption are shown in Figure 2.9.

The increase of puant consumption triggers new investment to sustain the network. The

annual development of installed capacity, puant energy and total generated energy in

Turkey is shown on Figure 2.10. These three values are correlated with each other.



Chapter 2. Literature Review 26

Figure 2.10: Annual Development of Installed Capacity(MW), Instantenous Peak(MW),
and Total Generation(GWh)

Source:[14]

The forecasts for the consumption amount of Turkey states Turkey needs more installed

capacity. Therefore, Turkey is discussing new electricity sources. The main item of

this discussions is nuclear power. The �rst power plant is started to be constructed in

the Mediterannean part of Turkey. The Akkuyu Nuclear power plant is expected to

be in operation in 2023 with installed capacity of 4800 MWe. Nowadays, the o�cials

are negotiating with companies for establishment of another nuclear power plant in the

northern part of country, Sinop. In nuclear case, geological speci�cations play the most

important roles in location selection.

2.2.5 Electricity Distribution in Turkey

Electricity distribution is totally privatized area of Turkish electricity system. The pri-

vatization process started in 2007 and completed in 2013. 21 regional based distribution
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Figure 2.11: Map of Distribution Companies in Turkey
Source:[22]

companies are being operated by private sector. The main problem of distribution is

high loss ratio which they are exposed to. Public authorities are expecting from private

investors to be more e�ective then before.

The investment budgets for distribution service are being determined by EMRA with

respect to the needs in each distribution regions. In electricity tari�s, distribution cost

is being paid to distribution companies to �nance their investments and operations. If

a company decide to realize a new investment which was not foreseen by EMRA, they

present it as a new investment proposal to EMRA and if they get approval from EMRA,

the project could be �nanced with the bugdet provided in tari�s can be expanded for

this aim. On the other side, if the distributor do not ful�ll the planned investments,

their share from budget can be cutted in the next tari� periods.

EMRA intervened in the governance of Osmangazi Region with the reason of not ful�lling

the responsibilities stated in the regulations. While the shareholder of the company stays

the same, it changed the executives and made assignment from o�cial institutions. They

will give services until the company turns back to ful�lling its responsibilities.

The distribution loss ration of the country is around 13% as of 2013. Dicle and Vangöl" re

the regions having the highest loss ratio in the country. Their share in the total loss

energy of country is around 60%. If they get down, the distribution loss would be

around standard values in distribution sector.
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Table 2.10: General Overview of Distribution Companies in Turkey

#
Distribution
Company

Cities
Privatization
Cost(mn)

1 Dicle
Diyarbak�r, �anl�urfa, Mardin,
Siirt, Batman, ��rnak

387

2 Vangölü Van, Mu³, Bitlis, Hakkari 118

3 Aras
A§r�, Ardahan, Bayburt,
Erzincan, Erzurum, I§d�r, Kars

128,5

4 Çoruh
Artvin, Giresun, Gümü³hane,
Rize, Trabzon

227

5 F�rat Bingöl, Elaz�§, Malatya, Tunceli 230,25
6 Çaml�bel Sivas,Tokat,Yozgat 258,5

7 Toroslar
Adana, Gaziantep, Hatay,
Kilis, Mersin, Osmaniye

1725

8 Meram
Aksaray, Karaman, K�r³ehir,
Konya, Nev³ehir, Ni§de

440

9 Ba³kent
Ankara,Bart�n,Çank�r�,Karabük,
Kastamonu,K�r�kkale,Zonguldak

1225

10 Akdeniz Antalya,Burdur,Isparta 546
11 Gediz �zmir,Manisa 1231

12 Uluda§
Bal�kesir, Bursa,
Çanakkale, Yalova

940

13 Trakya Edirne, K�rklareli,Tekirda§ 575
14 Ayeda³ Asian Side of Istanbul 1227
15 Sakarya Bolu, Düzce, Kocaeli, Sakarya 600

16 Osmangazi
Afyonkarahisar, Bilecik,
Eski³ehir, Kütahya, U³ak

485

17 Bo§aziçi European Side of Istanbul 1960
18 Kayseri Kayseri
19 Aydem Ayd�n, Denizli, Mu§la 110
20 Akeda³ Ad�yaman, Kahramanmara³ 60

21 Ye³il�rmak
Amasya, Çorum, Ordu,
Samsun, Sinop

441,5

2.3 Losses

2.3.1 Terminology

Electricity is presented to usage by passing though generation, transmission and distri-

bution networks. Generation, transmission and distribution of electrical energy involve

many operational losses [1]. As a nature of electricity, a di�erence is expected between

the amount of measurement at the starting point and at the end-user point meters be-

cause of the physical rules. The di�erence is expected to be within some standard levels

depending on the physical characteristic of the network and its components.
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Loss is de�ned as the di�erence between each delivery points of a system. If the loss ratio

in the system is higher than expected values, this is a serious problem for the revival of

the system. The di�erence between the consumption metered at end-users' meters and

power plants' meters shows the total loss of electricity system.

The experiences from the world shows that the share of distribution losses in total losses

is larger in the systems having high loss ratios. Therefore, in the systems exposing high

ratios, the importance of distribution sector increases for mitigation of total losses [23],

In other approach, loss is de�ned based on �nancial realizations in the power system,

the World Bank de�nes losses as the energy not paid to the utilities despite it is injected

to the system [24]. Loss is categorized as technical and non-technical depending on the

source of it[25]. Technical Losses are the losses occured because of physical rules which

may be in the form of following items:

• Electricity network consists of components like overhead lines, underground cables,

switchgear and transformers. They consumes energy in their operation.

• Components operate at di�erent voltage levels and the convertion between voltage

levels results in losses.

• Electrical resistance in network components cause energy loss in the form of heat

during the transportation of electricity and it has a positive non-linear correlation

with transferred energy amount.

Non-tecnical losses are the losses occured because of managerial, sociological, political

factors. It may be in the form of theft, unmetered supplies, unregistered customers,

incorrect registered subscribers.

• Consumers betray utility company by tending fraudulent ways like tampering with

meter, hooking to lines, bypassing the meters.

• Customer relationship processes depend on human factor. Personnel may exhibit

immoral behaviors or enter incorrect records like meter multiplier, meter data,

tari� data, wrong user.
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Figure 2.12: Dynamics of Losses

• Consumers who use electricity without registering to system are another part of

non-technical losses. They may be stay unregistered because of political reasons or

regulatory issues.

• Consumers who do not pay bills regularly.

Dan Suriyamongkol explained technical part of the losses according to the source of

the problem as internal and external, stating losses with internal causes of the system

as technical and losses with the external causes from the system as non-technical. He

states electricity theft as the dominant part of the non-technical losses and de�nes this

phenomenon as a behavior of people to decrease the amount of charge which will be his

liability to the utility company for the usage of electricity [26]. Brian Min and Miriam

Golden studied on the e�ects of political election on electrical losses. They concluded

that losses in electricity is correlated with elections as it increases during the period of

elections [27].

Losses problem can be evaluated as the combination of factors depending on physical,

managerial, sociological, political, �nancial reasons. In fact, an imbalance in one of these

factors may trigger others as emerging this issue. If a recipe could not be developed by

considering these factors and their inter relations, the problem may turn into a compli-

cated form which is hard to �nd solution. In this aspect, losses is an issue that should

be treated with system dynamics approach.[28]
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2.3.2 Financial Aspect of Losses

Electricity utility companies operate to prevent the illegal usage of electricity by metering

the consumption points in their region. However, even every person in the region behave

with morality and does not tamper the system, loss will occur in the system because

of physical rules. The tari� mechanism has to be designed to compansate the �nancial

results of the losses. The tari� mechanism in Turkey is designed to charge unit price for

each unit of consumption with respect to the connection and consumer type. The need for

each distribution region is calculated with the historical and current background of the

system. The collected money under the name of loss cost is shared between the regions

with respect to the size of their compensation needing determined by the regulator. If

the actual losses of the companies are less than the predicted ratio, the companies may

make pro�t as a result of their success of mitigating loss; otherwise they are exposed to

the �nancial loss because of electrical losses. Setting loss target is an alive mechanism if

events occur which may a�ect operations in market.

The regulator, EMRA, set target as shown on Figure 2.11, in 2010 for the next �ve years.

The companies witnessed that the targets are unreachable and determined without real

experiences from the �eld. After that, the regulator revised the ratios for the regions

which have not been privatized. Then the targets revised.

The historical values of electricity tari�s before funds and taxes is shown in Figure 2.13.

Most of the consumers exposed to increase in prices except year 2014. The tari� which

would be applied to the customers depend on the connection type and consumer type.

The items in the tari�s are mainly service related costs and taxes. Service related costs

are cost of electricity, theft and loss cost, distribution cost, transmission cost, retail

services cost. When we compare the shares of each item in each tari�s, we see that the

share of theft and loss cost is increased in the residental customers from 10% in year

2011 to 13% in year 2015.
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Table 2.11: Loss Targets of Distribution Companies Determined by EMRA in 2010
Source:[19]

Region 2011 2012 2013 2014 2015
D�CLE 60,96% 50,63% 42,03% 34,93% 29,01%
VANGÖLÜ 46,15% 38,33% 31,84% 26,45% 21,97%
ARAS 22,92% 19,04% 17,62% 16,30% 15,08%
TOROSLAR 9,38% 8,94% 8,52% 8,12% 7,74%
AKDEN�Z 8,86% 8,45% 8,05% 8,02% 8,02%
YE��LIRMAK 10,35% 9,87% 9,41% 8,97% 8,78%
BO�AZ�Ç� 9,12% 8,69% 8,28% 7,90% 7,57%
GED�Z 8,48% 8,08% 7,70% 7,34% 7,00%
FIRAT 12,59% 11,65% 11,11% 10,59% 10,09%
ÇORUH 10,90% 10,39% 10,15% 10,15% 10,15%
BA�KENT 8,46% 8,07% 7,88% 7,88% 7,88%
OSMANGAZ� 7,21% 7,21% 7,21% 7,21% 7,21%
AYDEM 9,80% 9,34% 8,90% 8,49% 8,09%
AYEDA� 7,12% 6,79% 6,61% 6,61% 6,61%
ÇAMLIBEL 7,72% 7,36% 7,02% 6,92% 6,92%
MERAM 8,59% 8,28% 8,28% 8,28% 8,28%
ULUDA� 6,96% 6,90% 6,90% 6,90% 6,90%
KAYSER� 10,01% 10,01% 10,01% 10,01% 10,01%
AKEDA� 10,03% 10,03% 10,03% 10,03% 10,03%
SEDA� 7,66% 7,31% 6,96% 6,64% 6,33%
TRAKYA 7,70% 7,70% 7,70% 7,70% 7,70%

Table 2.12: Updated Loss Targets of Distribution Companies Revised by EMRA in 2013
Source:[19]

Region 2013 2014 2015
D�CLE 71,07% 59,03% 49,03%
VANGÖLÜ 52,10% 43,27% 35,94%
ARAS 25,70% 21,35% 17,73%
TOROSLAR 11,80% 11,25% 10,72%
BO�AZ�Ç� 10,76% 10,26% 9,78%
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Table 2.13: Change in Tari�s Issued in First Month Year Over Year
Source:[19]

Connection
Type

Consumer Type 2015 2014 2013 2012

1 Industrial 6% 0% 15% 3%
2 Industrial 9% 0% 15% 15%
2 Commercial 9% 0% 5% -1%
2 Agricultural Irrigation 10% 0% -2% 18%
3 Industrial 2 Term 9% 0% 9% 15%
3 Industrial 1 Term 9% 0% 8% 0%
3 Commercial 10% 0% 3% -4%
3 Agricultural Irrigation 9% 0% 6% 2%
4 Industrial 2 Term 9% 0% 7% 15%
4 Industrial 1 Term and MV 9% 0% 5% 5%
4 Industrial 1 Term and LV 11% 0% 4% 9%
4 Commercial 10% 0% 2% -1%
4 Residental 9% 0% 8% 9%
4 Agricultural Irrigation 9% 0% 6% 9%
4 Lightning 10% 0% -1% 10%
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The items in the electricity tari�s can be explained as following:

• The cost of electricity and retail services cost are related with trade activities for

supplying electricity.

• The cost of distribution and meter reading are transferred to distribution company

as a repayment for distribution services which is ful�lled. The company covers its

operational expenses, maintenance costs and investments for distribution with this

�nance.

• The cost of transmission is transferred to transmission company, TEIAS as a re-

payment for transmission services which is ful�lled. TEIAS covers its operational

expenses, maintenance costs and investments for transmission with this �nance.

• The cost of theft and losses is transferred to distribution company to compensate

the �nancial losses occured because of high loss ratios. The quantity of theft and

loss item in the invoices is determined with respect to the overall loss ratio of the

country. Therefore some of the distribution regions which have low target ratios

then the country level give money to the mechanism and the companies who have

higher ratios then the country gets money from the mechanism.

Losses have �nancial impact on distribution companies. The compensation mechanism

of the electricity losses is designed by consolidating overall ratio of the country under the

frame of national tari�s. The regulator is expecting to pass to the regional tari�s which

are based on regional consolidation.

The network is a�ected from the losses which decreases its life and requires extra invest-

ments. This result in spending extra money on the network which may not be needed if

the region did not have had high loss level.

Losses creates unregistered activity in the sector which decreases the tax income of the

public. Therefore, it should take more place in the governors to increase revenue which

would turn back to citizens by various ways of services.

Losses have �nancial impacts on central budget of the country. Turkey is an energy

importer. Energy is one of the main subjects of the international relations. Electricity

generation depending on sources are shown on Figure 2.17. Total share of domestic
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sources is around 45%; 25% hydro, 4% renewable and around 16% domestic coal. This

percentage shows the foreign source dependency of Turkey.

Mitigating the losses problem would make the governors more �exible on foreign pol-

icy. On the other hand, the consumers in the systems having high loss ratios presesent

squandering comsumption. This requires extra installed capacity for generation to feed

the system which. This pushes back other investment alternatives that can be developed

for public weal.
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2.3.3 Methodologies in Solving Loss Problem

Emad S. Ibrahim relates technical losses with engineering processes and non technical

losses with managerial processes [29]. Mitigation of these losses requires approaching

problems with this percepective [25]. Emas S. Ibrahim, presented a systematic project

management approach for activities aiming reduction of losses. He de�nes losses reduc-

tion plan as a medium term investment project. The principles which should be followed

in the loss reduction project are:

1. Measuring and evaluating the losses amount and percentage.

2. Interpretation for determination of the level and origin of losses.

3. Collecting project proposals aiming the reduction of losses from the personnel and

consultants.

4. Implementation of proposals as pilot projects.

5. Determination of �nancial results of the actions taken under the frame of project.

6. Following the actions and evaluating the results on �nancial and operational per-

cepective.

7. Updating the project with respect to the results obtained from project implemen-

tations.

Distribution companies receive electricity from transmission system. They distributes

the energy through their distribution network to the end users. The consumption of the

consumers is being controlled via electricity meters. The companies invoice their sub-

scribers for electricity usage according to measurement at these devices. The companies

also have electricity meter at the delivery point of electricity from transmission system

to distribution system.

Emad S Ibrahim schematize the loss in Figure 2.13. The amount of energy purchased to

the distribution system is A. While electricity is being dispatched through the distribu-

tion network, technical losses occur in the system. Then, the real amount of the energy

which is reached to consumer becomes D. Distribution company meters consumption of

its subscribers and the total amount for same time period, of the measurement at the
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Figure 2.13: Losses Schema by Emad S. Ibrahim
Source:[29]

delivery point of distribution company and at the delivery points before end users, be-

comes F. After that, company publishes invoice for the amount of consumption metered

at its subscribers. The amount of paid invoices is calculated as C. The �ow starting

with the amount of A lasts with the amount of C in the cash of the company. Amad S

Ibrahim de�nes three types of losses in this process. Technical losses is the di�erence in

the amount of purchased energy and delivered energy to the customers(A-D). 1st type

commercial losses is the di�erence between the received energy of consumers and the

total amount metered on subscribers' meters(D-F). 2nd type of commercial losses is the

di�erence between the energy billed to the subscribers and the energy collected from the

subscribers. In the ideal case, it is expected to be equal amounts A, F and C. In reality,

there is a di�erence occurs from A to D and D to F and F to C.

The losses in each segment has di�erent characteristics. Therefore, mitigation of losses

in each phase requires di�erent approaches. Struggling with losses requires developing

a strategy for solving the problem. The main item which would shape the blueprint of

it, is the data acquired from metering points. It will de�ne the size and the type of

the problem on location based. The number of increasing meters in the network will
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make easier to follow the electricity usage in the grid. People are not only striving with

electricity losses, other utilities are also exposed to losses phenomenon and their solution

depends on metering capabilitiy of the system like in the case of water utilities. [30]

The process of battling with losses has four main headlines. Measuring, diagnosing con-

sumption, developing action plan, tracking and updating action plan according to results.

Utility analytics is an evolving phenomenen in the utility sector. The size of the incom-

ing data to the companies is increasing as internet of things spead in the network. The

evolution of this phenomenon is summarized by Kim Gaddy, Vice President of the Utility

Analytics Institue. The data is started to be treated as strategic asset which contains

high potential that may turn into value. The transformation of mentioned potential

to value can be accelerated by inserting analytics to the operational processes[31]. The

data obtained from metering devices in the �eld can be shaped by analytics developed by

algorithms using di�erent statistical methodologies [32-39]. Therefore, the data becomes

more meaningful as turning into forensic and makes the operations more e�cient.



Chapter 3

Losses in Turkey with the

Experiences in Dicle Region

The Turkish Ministery of Energy and Natural Resources, declared strategy document in

2014. This blueprint is di�erent from the older ones by mentioning on electricity losses

and giving quantitative target. Turkey has the aim of decreasing loss to 10 percent level

as of 2019 [40].

Table 3.1: Losses Target in Turkey(%)
Source:[40]

Base Year
2013

2015 2016 2017 2018 2019

15,4 14 13 12 11 10

The history of losses in Turkey is shown in Table 3 . Turkey should perform e�ort

which is dedicated to minimize this ratio. The ratio of transmission losses is around 2

percent. It �uctuates around this level since 1990s. On the other hand, distribution

losses �uctuates around 13-14 percent levels. Turkey has 21 distribution region and 4 of

it has loss value higher than country average. The development of distribution regions'

loss statistics is shown in Table 3.3. Turkey's power system losses problem would be

handled with the experiences in Dicle Region which is the main driver of the problem as

having the highest ratio in the country.

43



Chapter 3. Losses in Turkey with the Experiences in Dicle Region 44

Figure 3.1: Annual Development of Losses in Turkey
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3.1 Why Dicle Selected to Analyze Turkey

Turkey has around 15% loss ratio and it deviates between regions. The highest loss ratio

is seen in the Dicle Electricity Distribution Company which is responsible for operation in

the south eastern territory of the country. The losses in Dicle region is more determinant

on the losses ratio of the country than other distribution regions shown in Table 3.3 and

in Table3.4.

The share of utilities on the total amount of lost energy in Turkish power system is

shown on Table 3.4. It resulted in that Dicle region has the largest share over the total

lost energy amount. Its share is increasing every year. It shows the importance of Dicle

Region in the process of mitigation losses in Turkey.

Analyzing monthly consumption of Turkey and Dicle shows the characteristics of Dicle

in the losses problem of the country. The share of Dicle on yearly consumption of the

country is around 8%. The shares on monthly consumption �uctuates between 6% to

10%. In the spring and autumn seasons, the share decreases to 6% and it increases to

10% levels in the winter and summer seasons. In other words from spring and autumn to

summer and winter the regional consumption share increases around 60% as having share

from 6% to 10%. More �uctuations in the electricity consumption is the demonstrator

of electricity losses both technical and non-technical.

Analyzing the monthly consumption of Turkey versus Dicle shows that, Dicle deviates

more than Turkey. From January 2012 to July 2015, the average monthly consumption

in Dicle Region is around 1.7 billion kWh and in Turkey is around 20.4 billion kWh.

Standard deviation of monthly consumptions in Dicle is 0.3 billion and in Turkey is 1.4

billion. When we compare the ratio of deviation over average consumption, the ratio is

18% in Dicle and 7% in Turkey. Therefore, Dicle region is main driver of �uctuations

resulting in especially technical losses in the average of the country.
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Table 3.5: Dicle Region Monthly Consumption(MWh)
Source:[42]

Month 2012 2013 2014
1 1.814.310 1.858.636 1.888.716
2 1.677.190 1.584.178 1.689.443
3 1.841.599 1.818.438 1.535.878
4 1.575.855 1.687.068 1.767.349
5 1.500.105 1.169.802 1.478.229
6 1.457.729 1.331.071 1.456.859
7 1.974.106 2.138.662 2.220.281
8 2.058.815 2.155.911 2.230.169
9 1.596.154 1.643.367 1.738.381
10 1.072.832 1.136.553 1.059.030
11 1.254.978 1.310.648 1.507.378
12 1.775.785 1.856.217 1.728.769
Total 19.599.457 19.690.550 20.300.482

Dicle region is exposed to �uctuations in consumption during the year. The reason behind

the increases in winter time is usage of electricity for heating and in summer time is

agricultural irrigation and cooling. The density of each location can be understood when

the network is measured part by part. These consumption behaviour can be understood

by analyzing feeder consumption data for the periods in a year. This analysis for Dicle

Region would show that:

• The measurements on lines feeding agricultural areas show consumption increase

in the transition period from spring to summer because of electricity usage in

irrigation.

Table 3.6: Turkey Monthly Consumption(MWh)
Source:[14]

Month 2010 2011 2012 2013 2014
1 16.893.400 18.928.948 20.812.248 18.930.664 21.739.596
2 15.375.776 17.135.336 19.607.684 18.690.512 19.363.844
3 16.195.208 17.831.000 20.530.868 20.294.948 20.949.000
4 15.738.640 17.271.500 17.783.580 18.944.200 19.375.340
5 16.476.132 17.218.184 18.858.052 19.311.520 20.193.164
6 16.886.920 17.574.460 19.632.080 19.907.800 19.992.560
7 18.713.276 20.396.708 22.039.420 22.027.376 22.947.184
8 19.593.356 20.464.124 21.531.104 21.493.788 23.321.768
9 16.673.480 18.500.620 19.743.200 19.826.480 20.510.680
10 16.634.656 18.459.540 17.882.588 18.506.228 18.690.968
11 16.116.280 18.501.580 19.031.160 19.607.760 20.555.460
12 18.610.612 20.823.720 20.788.184 21.373.204 22.200.680
Total 203.907.736 223.105.720 238.240.168 238.914.480 249.840.244
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Figure 3.2: A House in the Village with 2 Air Conditioners

Figure 3.3: A House in the Village with 2 Air Conditioners

• The measurements on lines feeding residental areas show consumption increase in

the transition period from spring to summer and autumn to winter because of usage

in cooling and heating.

The Public Private Infrastructure Advisory Facility (PPIAF) is an organization estab-

lished with the aim of enabling bridge mission between private investors and the regula-

tor part of the electricity system. It operates with the funding provided by development

banks from di�erent countries and the World Bank. They de�ne distribution as the sale

of the product to the customers from wires to the house. It is the process composed

of billing, collection of the fees and customer services. They claim that private sector
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Figure 3.4: A Building Full of Air Conditioners

involvement in the distribution sector would develop the mechanism by applying the best

practices of operations as increasing the quality while decreasing the costs [43].

The Dicle Electricity Distribution Company is a private owned distribution company who

has the highest weight in the problematic sides of the system in Turkey. The practices

they applied should be analyzed and the missing parts of the imlementations should be

discussed to have foresight for the future of the system in the country.

3.2 What are done, and faced with what kind of obstacles

in the realization of projects

The privatization is realized with the statistics showing that the region has the highest

electricity loss ratio and lowest collection ratio in the country. Even the ratios provided

by the public o�cials are seen as it can not be worse than the declared ratios, it is

understood that the calculations were done with di�erent approach which result in mis-

leading for company. The losses ratio calculation included some of the incorrect invoices

which are impossible to collect them. The company were used to react slowly to these
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Figure 3.5: Illegal electricity usege for agricultural irrigation for pumping water to ground
and transporting on the ground

kind of situtaions in the state owned times. Therefore, the unclear record mislead the

calculations. The receivables taken into control and the ones which source from incorrect

invoicing cancelled to make the way of the company more visible and make the current

situation of the company more realistic. This result in the truth that the targeted loss

ratios determined by EMRA were higher than the real values.

Losses in the electricity system is the result of managerial problems of the company, socio-

political problems and technical reasons as discussed in the literature [27][23][44][26].

Managerial problems mainly depend on the unstability of the managers because of the

o�cial assignment depending on politicians. The assignment durations of the o�cials
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Figure 3.6: Mobile Transformers Used for Agricultural Irrigation Illegally

were used to last even less than a year because of this reality. It creates a managerial

gap in the development and implementation of operations. The managerial gap results in

uncontrolling the personnel. The personnel who behave in immoral ways and not taking

action to the cases in which consumers thieve energy or they may encourage people to

tend to infraudulent ways by taking bribe for to not make operation on their zone. On

the other side, the honest personnel do not feel the support of its manager on his shoulder

to operate in detected locations with illegal consumption.

Dicle region is the territory in which people live in the shade of political discussion which
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Figure 3.7: Work Process of Utilities

re�ects to the country as terrorist attacks from PKK (Kurdistan Workers' Party). The

political groups who support this organization declares using electricity without payment

is their right and the state can not charge money for electricity usage. The region

has atmosphere which does not allow to make investment. Therefore, the investment

necessary for renewal of network becomes impossible to put in practice.

The irrigational channel projects play important role for the territory to provide irrigated

farming. The Southeastern Anatolian Project [45] aims to install dam and transfer water

via channels to the farming areas. While the project could not be progressed on expected

timeline, the farmers tend to irrigate soil with groudwater by using electrical motors. The

company installed infrastructure because of the political pressures of the politicians and

the farmers utilizes electricity in watering without accepting metering their usage and

making payment for that utilization. The lines feeding irrigational areas are also utilized

by residents in the rural areas. It requires investment to distinguish the lines as feeding
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Figure 3.8: Photos after the attacks to Dicle o�ces

irrigational zones and residental zones. However, even if it is done, some of the users

insists on protesting payment of energy. Therefore they keep on electrifying their motors

via hooking the lines.

To calculate the return on investment, it is necessary to be able to measure the system and

evaluate losses e�ect in each part of the network. Therefore the main investment focesed

on increasing measurability of the network and renewing the meters. The decision on

infrastructure investments is expected to be prioritized with respect to metering values

which shows the weight of projects in decreasing losses.

A new period started after privatization. The company started its operation by opening

a new white page to its customers by organizing campaigns for receivables as giving up

late fee for the old unpaid invoices and amnesty for tampered meter owners to gain the

people who promise not to tend to fraudulent ways in electricity consumption after the

company changes their metering devices. These aproaches did not draw the expected
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Figure 3.9: Photos from the Demonstrations in Dicle

Figure 3.10: Photo showing the reaction of municipality after cutting the electricity due
to accrued liability
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interest. Then the managers decided to make operation on each consumption point in

the �eld.

The main operation of electricity utility is ful�lled via two di�erent companies retail

and distribution as the requirements of market regulation. Utilities have to assure their

revenues to survive. On one hand, they have to issue billing and on the next step they

should collect money. The �nancial reality shows that the consumption is loss unless the

payment is done for it. This approach results in a combined consideration for losses as

aggregate total loss which is the amount of uncollected consumption in a system. This

approach is being used by sector participants of India which has been in an uphill battle

with this problem [46]. Endeavor for mitigating aggregate total loss gives responsibility

to retail side and distribution side of electricity utility sector. Main responsibilities of

retail side and distribution side can be explained as below:

• Retail side should focus on projects which would increase collecting ratio. Collect-

ing abilitiy increases with the utilization of capabilities which the regulation allows.

Some of the ways for this aim are:

� Keeping actual customer data clean like active user identitiy information,

contact details and retail sales aggrement in the customer folder.

� Reminding customer the invoices before the due date of bills via di�erent

media like sms, e-mail.

� Reinforming the customer about the possible sanctions they may face with.

� Brightening the customers for providing �nancement about their electricity

bills.

� Developing new collection methodologies.

� As a last resort referring to legal department to collect the money.

• Distribution side should focus on increasing billing amount as a result of activities

of loss detection. The theft detected areas must not turn into old habits to obtain

a sustainable success in distribution area. This target is more reachable if data

utilization is inserted to the operation Planning and control mechanism. Distribu-

tion side has di�erent data sources; which give chance to increase loss detection

and follow customer behaviors. Some of the ways for this aim are:
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� Data for the topology of the electricity network which shows the voyage of

electricity from transmission system to the customer utilization. This gives

ability to make evaluations on di�erent segmentation of the network.

� Data for customer histrical behaviors as consumption, theft detected times.

� Data collected from meters other than consumption amount as tampering

alerts, demand values.

� Data about the operation and installed capacity of customer to make com-

parisons for the usage.

3.2.1 Collection

The company was not used to follow tight collection strategy. The managers were fo-

cusing on collection from period to period. However, the company needs money to buy

energy from daily market. Cash �ow plays an important role not to face with �nancial

turmoil in this process. Collection is the cash in�ow. Therefore, it should be planned

correlated with cash out�ows. Invoicing schedule should be amended by taking this fac-

tor into consideration. Reading every consumer once a month is important factor for

arranging the balance between cash in �ow and out �ow. Then, the consumer can plan

their own cash �ows without facing with cumulated invoices they have to pay. One of

the �rst activities of done by Dicle company was reading every point once a month.

Dicle handled collection problem by analyzing it as grouping consumers. The analysis

were done with classi�cations like:

• Class of consumer

• Number of arrear invoices

• Continuing activity or not

• Data quality of the consumer

• Statue of receivable, referred to legal services or not

The action plans are designed for each segment and sub segments of these classi�cations.

The �rst step is informing the debtor about his liability and reminding the sanction
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Figure 3.11: Work Process of Utilities

mechanism the regulation projects. Informing channels are written notice, sms, telephone

calls.

The regulations give opportunity to cut-o� the electricity of the customers who do not

pay their invoices. The second step is this. When this step implemented in the �eld,

it is experienced that some of the consumers give reaction by making payment and

some of them are not. The struggle with subscribers persistent on not to pay moved to

the legal proceedings as third step. Some of them accepted to pay and some of them

kept on their attitude. It is understood that they do not take into care of even legal

sanctions, since they are not the subscriber de�ned in that point. In other words, the

location they live is subscribed to the utility company on a fake account. Even their

electricity is cut by workers, they re-connect it after the team leaves the zone. They

do not hesitate on intervening electricity network or tampering their meter. Since the

region is under terrorist atmosphere, the supporter are whispering about data cleaning
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and updating works of the company as blacklisting the people in the region. Therefore, in

some parts of the region, especially rural areas, people are resisting on not to share their

information with the company. This reality ties hands of the company. The last option

here is operating to the locations with security support. Since the region is exposed

to political argumentations, operations with security forces could not been realized as

expected.

The consumption of o�cial institutions play important role in the region. Collecting

money from especially the subscribers belonging to the municipalities is hard. Their

debt is accumulated for years. Since they give public services, it is not practicable to

take o� the energy of puri�cation plants, water installations etc. It is hard to convince

them to �nd �nancement for the accumulated debts in return of restructuring the over

due debts and obtaining a promise for the payment of actual invoices on time.

The company can develop new methodologies as collection channels. Loss in electric-

ity system is a national issue. Therefore, the governors should be supporting the ones

who come with solution alternatives. Some of the subcribers in the region get incen-

tives from central government for their operation in the case of commercial, industrial

and agricultural irrigation customers and get subsidies for their needings in the case of

residential customers. The subscribers using electricity for agricultural irrigation do not

want to make payment for their usage. On the other side they get incentives for their

agricultural activities from the ministery of agriculture. The company developed a new

methodology to force this kind of consumers to make their payment by blocking their

incentive accounts. Therefore, they are not able to withdraw incentive money from bank

and they choose the way of aggrement with utility company. This methodology can be

used for other segment of customers.

3.2.2 Theft Detection

The investigations are done according to indications provided by di�erent sources. The

best source in theft detection is the system equipped with meters in all segments of the

network. This would provide the data in which phase and in which area how much energy

is lost. Therefore, the operations would be directed to those zones.
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The loss control teams take statement about the detected loss in their investigation and

the accrual team prepares invoice for illegal use. Some of the people accepts the invoice

and pay it, some of them do not accept it with the reasons stated in collection. After

a period of time the theft detected users tend again using electricity in fraudulent ways

by tampering lines or meters. The motivation behind this behavior is evaluated as the

company would never come back to their location again which they have been used to.

The company should endeavor again and again to normalize the consumption in that

places. However the reasons depending on political argumentations, inadequate security

support and legal sanctions hardens the normalization of the consumption.

More frequently control of meters even like reading means more data to analyze the

customer behavior. Therefore, being insistive on reading every meter on a monthly time

interval is strategic principle of the company. The data provided by meters allows to

detect theft usage which are not detected by physical manuel controls.

The company is aware of being insistive on theft detection. They use intelligent ways to

imrpove the performance of work force in the �eld. The data provided by meters and the

historic background of the consumption points are the raw materials of their algorithm

to operate in e�cient way.

Utility sector can be seen as data pool which is getting bigger day by day. The sector

needs proposals developed by compiling this data. The company is aware of this oppor-

tunity and they are making investments on this area. The analysts develop work orders

for the collegues in the �eld. They make comparisons between the customers expected

to present same behavior in consumption. At the same time, they combine these data

with the data acquired from meters as the body coverage opened, the meter is exposed

to extra magnetic �eld, connector coverage opened and the data provided from customer

relationship management side as the subscriber captured while consuming in fraudulent

ways in its history.

Advanced metering infrastructures provide raw data to develop well pointed actions. The

suspicious consumers are being determined in back o�ces. This methodology helps to

company to control its workers. Some employees may be in immoral relations with the

customers. If an employee can not detect fraud in the areas of having high probability

for theft, they send another team to the �eld. Determining targets of theft controls plays

crucial role in these activities.
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Figure 3.12: Segments of Electricity Network

Company is aware of the importance equipping the network with meters in each segment

of the network for this purpose. On the other hand, the topology of the network which

shows the place of each consumers in the network. By making comparisons on each

segment of the network with the real consumption data and accrual data of the customers

connected to that segment of the network. The di�erence between the consuption and

accrual is the target of losses control team in the location of related segment. The

analysis of the analyze team would make the workers job easier.

The metering equipments requires �nance to make their investment. Dicle developed

pilot projects on di�erent segments. In Suruc, they started consolidating meters in boxes.

A group of meters in the same neighborhood of consumption points are consolidated in a

panel. The incoming energy into that panel is metered by a main meter and it dissipates

energy to other meters. The measurement in a given time interval should be same in main

meter with the summation of measured consumption from the meters in the box feeding

consumers. When a di�erence occurs it shows an attempt to tamper. This approach can

be used for energy accounting at each level of network from substation to subscribers.
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3.3 What should be done to improve the projects

The activities in the electricity sector have to obey the rules stated in the related reg-

ulations published by EMRA. Loss reduction projects conducted by companies should

result in the invoicing the total consumption and collecting them. During the projects,

companies may face with unclear, inadequate points in the regulations which congest the

system from invoicing to collecting.

Electricity distribution work can be seen as simple buy and sell trade. The amount of

�ows are monitored by meters and invoicing mechanishm works on them. However, it

may be intricate when it is done on the areas having political and sociological debates.

Regulational improvements are expected to lead the way to accomplish loss problem.

The transformation of markets from public ownership to private sector brings dynamizm

to market. Therefore, the actions in the market changes with di�erent approaches which

the market athmoshphere is not used to. Each action has re�ection as reaction from the

related market participants. The reaction to the actions conducted buy companies gives

information about the e�ects and de�cient parts of them in reaching the ultimate goal

of invoicing all consumption and collecting them. Regulation should be amended with

respect to the needings after the experiences of private sector in distribution system.

The regulator has the responsibility to protect citizens interest and provide fair market

conditions. Improving the rules in mitigating electricity losses should be the main subject

of the regulator. In this aspect, the experiences of the private investors who have taken

place in distribution sector is important for regulator. EMRA should approach this

approaches as constructive arguments in reducing losses.

The projects starts with detection of losses in the system. The detected losses should

be result in the transformation of consumers to the legal consumption. In the optimistic

case, electricity meters are installed each consumption points and the customers do not

temper meters or the network. Reaching this case is possible if the security of electricity

meters and network are provided by the governors. The socio-politic side of theft problem

do not allow to activate in this optimistic conditions. The ways which would make theft

detection process easier can be stated as follows:
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• The regulator should force distribution companies to install smart metering system.

It will enable companies to control the �ow of the consumption and detect the losses

in the system with location. The clearity of detection would determine the type of

sanction mechanism.

� The regulation should enable companies punishing directly to the customer

who is suspected because of the reasons grounding on quanti�able objective

values.

� If the company determine only the amount and the addressee of the theft

consumption, there are di�erent alternatives which can be implemented to

record the consumption and collecting it. Some of them may be listed as

following items:

∗ The regulator should give opportunity to impose sanction on a group of

customers in the suspected regions. It is expected that this argument

would provide chance to transform customers who tends fraudulent ways

in consumption with the pressure of their community. In other words,

community would force its neighborhood not to thieve energy. Experi-

ences in India witnessed the bene�ts of this application.

∗ Regulator should develop the medium to access the data recorded in the

governmental data warehouse which are related to the consumption of

electricity. The type of the data changes with the type of subscribers.

This action would give opportunity to the governors to control the cor-

rectness of the data in their system.

• Industrial consumers have to certi�cate their operation to be able to bene�t from

incentives provided by the government. Installed capacity for industrial establish-

ments are known and the productions of them are known according to �nancial

statements of them.

• Taking the usage under control in agricultural areas for irrigation is hard problem

if the area owners do not allow you to make investigations in their zone.

• The invoices issued to the subscribers should result in the paymet of them on time.

Taking the consumption under record is the �rst step of the loss reduction projects.

After that the second steps starts to collect the money invoiced. Measuring the con-

sumption amount without any loss is not the ultimate solution. The measurement
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must turn into cash. The cities in the region are at the bottom of economic level

ranking of the cities in the country. The governments have supporting programs

for the people who have low income level. The subsidies may be paid by checking

related person's status in the distribution network. In the progress of appeal to

those programs the decleration of electricity subscription details should be inserted

to documents that are obligatory to present. In this way, it would be a deterrent

way from tending fraudulent ways. Until a determined level of electricity subsidy

may provided to those kind of customer. On the other hand, the subscribers oc-

cupied with economic activities as commercial, industrial, agricultutal. They have

to be registrated to the �nancial system of the country. The ones who do not

allow measuring their meter via automatic meter reading systems, making control

in their location and not sharing their real data should be faced with sanctions. If

they reject to pay their invoices, their activities may be blocked.



Chapter 4

Conclusion

The Inter-American Development Bank states electricity loss as performance indicator

for e�ciency and �nancial sustainability in the power sector[47] in the Power Loss re-

port. Utilities operation may be evaluated as a chain. They get energy from generation

companies and sell it to their subscribers. They have to sustain their network and have

to make investment for that aim. Financial structure of electricity is designed as collec-

tion of money from subscribers and allocating the money for companies managerial and

investment needings. The losses in power sector is the breaking point of this chain which

should be solved with persistent methodologies.

In Turkey, tari�s for electricity utilities are being designed as considering loss ratios until

the levels which regulator determine. The budget de�cit in the companies facing losses are

subsidized with this way. If a loss more than envisaged level occurs in the system, utility

is exposed to a �nancial burden and it directly a�ects it survival. The �nancials of utility

companies get better and companies �nd sources easily to improve their operation with

new investments when the loss ratio decreases and collection ratio increases. Otherwise

companies could not make investments even necessary for loss reduction projects.

The people who use electricity in a fraudulent way are not interested in the cost of it.

Therefore, they exibit over-consumption and do not be as conservative as the people

who do not steal energy. The level of loss ratio directly a�ects electricity tari�s and

honest consumers have to pay more. This situation creates unfair market conditions for

consumers. This reality increases the responsibility of regulator to force regions with

high loss ratios to mitigate them.

66
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The action plan should be developed with respect to the diagnosis of electricity usage to

detect who will be the stakeholders of the projects. Special project should be designed

with respect to the characteristic of the usage. Knowing who is using energy for which

aim and when is the key of developing the project. The key opens the door of operation

alternatives.

The main methodology for loss reduction projects is measuring, analyzing and developing

the project with the purpose emerged from the analysis. After detection of losses the

companies expect to transform consumer to behave in legal ways. The companies should

insist on this aim. On the other side, the people who do not scare of the legal sanctions

insist on their fault. The governors should provide security support to combat with these

kind of mankind and the sanctions should be tightened to deter consumers tending to

illegal ways in utilizing electricity.

The puropose behind the privatization in distribution sector is increasing e�ciency and

e�ectiveness in the management and investment. The priority of investment alternatives

are changing from region to region with respect to the main problems in the regions. The

regions who has low loss ratio prefer to make investment on renewing the infrastructure

to increase customer satisfaction. On the other side the regions like Dicle, Vangöü, Aras

have to focus on loss reduction projects. The succes in these projects is expected to

trigger the investment for renewal of the networks.

The losses reduction projects should be based on the metering values. These regions

should be equipped with meters at each level of the grid. After investing on metering,

the security of these meters have to be maintained by the government. These would

provide the opportunity to operate with the acceleration provided by the data acquired

from the network.

Companies face with di�erent scenarios during the implementation of projects such as

not allowing to install metering on distribution lines, being insistive on fraudulent ways.

There should be an institution playing mediator role in solving the problem related to

argumentations in electricity consumption for each event; the companies should be able to

notify problem with providing objective indications for theft consumption and collection

of invoices and the consumers should be able to notify problem in which they do not

accept the consumption written in their invoices. The sanctions should be imposed to
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the guilty part. The action alternatives may be detailed by this mediator as de�ning

which suspicion can be investigated in which methodology.

The recommendations for the future of losses problem may be summerized as follows:

• The loss targets for the regions should be realistic.

• Governmental institutios should share the information that may be useful for theft

detection, such as the capacities of industries.

• Legal amendments deterrent for fraudulent users should be done.

• Investments for metering systems should be supported.

• Security support should be provided for metering systems.

• Security support shuold be provided for the activities in the �eld.

• Coordination with institutions should be provided for blocking the activities of

fraudulent users and the consumers having non-payment habit.

• Social support projects should be designed for the people with low income level.



Appendix A

Annual Development of Number of

Subscribers In Cities

Source:[41]
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Appendix C

Annual Development of Loss Ratios

In Cities

Source:[41]
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Source:[41]
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