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FOREWORD

Retail electricity market the last link of the electrical value chain is in the liberalization
process in Turkey. Liberalization also brought with investments. Changes in the
market and regulations put the profitability of investments in a difficult position. These
evolving dynamics compel market players to develop new business strategies.
However, providing value added and get high profit margins is hard in commodity
trade. Electricity is a commodity and so the suppliers do not have the power to affect
the quality of electricity. Competition is mostly for the price due to the nature of
electricity supply. In this regard, the question of how suppliers could create added
value. The first choise to solve this problem is low cost operation. In a retail electricity
market where price competition is dominant, only cost-effective suppliers remain
competitive by simply reflecting their savings in prices and employing a befitting
pricing policy.

Within this context, instead of competing with each other, cooperating with two or
more players and acting together for retail services is became applicable and
meaningful for Turkish electricity retail market. In this paper, we use three well-known
two-person Nash bargaining solution, Kalai Smorodinsky bargaining solution and
weighted Shapley solution to analyse a sub-coalition between retailer and power plant
of electricity market based on retail part. We analyse the relation in electricity rateil
market as a game in value function form, which is calculated as a net profit value. The
solution of each game concepts allocates to each liberal player —Power Plant, Retailer
— a share from the total profit. Additionally, we compare the three solution concepts
mentioned above.

I would like to thank Sinan Ertemel, my advisor, for his great contribution in writing
this thesis. I also offer my gratitude to my wife Giilsah Karaca, who is a partner in all
aspects of life.

May 2019 Nurtag KARACA
(Management Engineer)
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ANALYSING THE EFFECT OF COALITION ON COST STRUCTURE FOR
TURKISH LIBERAL ELECTTRICITY MARKET AND ALLOCATION OF
PROFIT SURPLUS WITH COOPERATIVE GAME THEORY

SUMMARY

In this study, retail electricity supply to the high consuming customers is analyzed
using cooperative game theory to find the way of sharing the extra profit that is
generated via cooperation.

The physical electricity supply chain consist of producing, transmission, distribution
and retail. The retail activity includes sale of electricity to end users. The retail
activities are splited in two manners, the regulated and the liberal. In the liberal supply
chain, consumers are eligible customers, who are entitled to select their suppliers as
their consumption amount is over the electrical power amount defined by the Energy
Market Regulatory Board. There are different types of market player in liberal retail
electricity, as incumbent and non-incombent retail companies, electricity wholesalers,
and power producers.

Players have only retail licence and sell only retail electricity directly to the end user,
operates with low levels of profit margin due to high cost and competition in the
market. In commodity product market, customers prefer the cheapest product. If
companies do not able to reduce their costs unfortunately have to sink or loose the
market share. Thus, the ability of reducing cost is crucial and vital for getting
competitive advantage. Implementing efficient operational process and finding the
cheaper way to reach raw materials are main alternative for companies to reduce the
costs

In this study, we suggest the cooperation of the players for retail electricity market and
combine theirs strength to reduce the cost. There are two party for retail electricity
sales to end user, power plants and retailers respectively. Power plants have the
generation asset and the retailers have sales knowhow. If they operate separately, they
get some amount of profit. When they cooperate and entegrate the market vertically
they generate extra profitability, but on their own they can generate no extra profit.

It can be considered easy to calculate estimated incremental profit will be realized in
case of a coalition between two parties power plant and retailer for retail electricity
sales. Since rationality and intelligence are two fundamental assumptions in game
theory, any cooperation between players must take into account the objective of
maximizing their own individual payoffs. The problem here is how to divide the
surplus profit among players.

Bargaining theories in the literature address the dividing problem mentioned above
and solve the question of how to divede the surplus among the participants. In this
study, we investigate the analytical way of profit sharing system and make a
comparison among them. We pick Nash Bargaining, Kalai Smorodinsky Bargaining
and weighted Shapley among the several bargaining solution. Because they mostly
match with our specific problem with two players.
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Nash Bargaining solution studies the classic two person bargaining problem and
maximizes the product of surplus utilities. Kalai-Smorodinsky Bargaining solution
equalizes the ratios of maximal gains. While weighted Shapley defines the weights
those are proportions in which players share in unanimity game.

In this study, Nash and Kalai-Smorodinsky have shared the extra payoff by the same
portion. It is also demonstrated that lack of symmetries may arise naturally when
players in a game represent nonequal size constituencies. The weighted Shapley
associates positive and different weights with each players. If greater effort is needed
on the part of player one than on the part of player two in order for the project to
succeed, the proportion of profit allocated to player one should be greater also.

While the extra profitability that will arise from the cooperation will benefit these two
players in the short term, it will be transferred to the final consumer by increasing the
number of bilateral cooperation in the medium or long term.
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TURKIYE SERBEST PERAKENDE ELEKTIRIK PIYASASINDA
KOALISYONUN MALIYET YAPISINA ETKISI VE OLUSAN KAR
FAZLALIGININ DAGITIMININ KOORPERATIF OYUN KURAMI

MODELLERI iLE INCELENMESI

OZET

Fiziksel elektrik tedarik zinciri; liretim, iletim, dagitim ve perakende is alanlarindan
olusmaktadir. Uretim tarafi kullanilan kaynaklara gore; yenilenebilir hidro, riizgar,
giines, jeotermal enerji santralleri ve termik dogalgaz, komiir enerji santrallerinden
olusmaktadir. Uretim tarafi ayrica sahiplik bakimindan devlete ait olan santraller, dzel
santraller ve belli bir kontrat dogrultusunda is yapan Yap-Islet, Yap-Islet-Devret
santrallerinden olusmaktadir.

Tiirkiye elektirik piyasasinin liberallesmesine yonelik diizenlemeler uzun yillardir
hayata gecirilmektedir. Dolayisiyla 6zel santrallerin toplam tretim igindeki pay1
ozellestirmeler ve yeni agilan santraller ile birlikte her gecen yil artmaktadir. iletim
tarafi dogal regiile monopol is kolu olarak tanimlanabilmektedir.

Dagitim tarafi Tiirkiye’de bolgelere ayrilmis olup, faaliyetler s6z konusu bolgeler
bazinda siirdiiriilmektedir. Bu kapsamda Tiirkiye 21 farkli bolgeye ayrilmistir. Bu
bolgelerde dagitim sirketleri elektrigin fiziksel olarak son kullaniciya ulagsmasini
saglayan altyap1 sirketleri olarak faaliyetlerini yiiriitmektedir. Perakende sirketler
temel olarak, gorevli tedarik sirketleri veya normal tedarik sirketi bazinda
ayristirilmaktadir. Gorevli tedarik sirketleri 21 bolge igin son kaynak tedarikgisi olarak
gorev yapmaktadir.

Diger yandan perakende satis faaliyetleri elektrigin tiiketicilere satilmasini ifade
etmektedir. Perakendecilik faaliyetleri, diizenlenmis ve liberal olmak {izere iki sekilde
stirdiirtiliir. Liberal tedarik zincirinde serbest tiiketicilere hizmet verilmektedir.
Diizenleyici otorite tarafindan belirlenen tikketim miktarinin tizerinde tiiketime sahip
ve ikili anlagsma yoluyla elektrik tedarik eden miisteriler serbest tiikeci olarak
nitelendirilmektedir. Serbest perakende elektrik pazarinda piyasa oyunculari, gérevli
tedarik sirketleri ve gorevli olmayan perakende sirketleri, toptan piyasada elektrik alim
satim1 yapan toptancilar ve enerji iireticileridir.

Tiirkiye’de elektrigin son kullaniciya satis fiyat: iki farkli yolla belirlenmektedir. ilki
diizenleyici otorite tarafindan ¢eyreklik olarak agiklanan tarifelerdir. Bu tarifeler son
kaynak tedarigi almak durumunda kalan serbest olmayan miisteriler i¢indir. Ayrica
gectigimiz 2018 senesinde diizenleyici otoritenin yiiksek tiiketimli miisteri olarak
tanimladig1 miisterilere PTF ve YEKDEM bedeli lizerinden belirledigi maliyet bazli
tarife yapisi ile elektrigin fiyat1 belirlenmektedir. Diizenleyici otorite s6z konusu yeni
tarife yapisi ile piyasay1 zorunlu olarak serbestlesmeye itmekte ve ayn1 zamanda kendi
lizerindeki yiikii farkl1 taraflara devretmektedir. Oyle ki 2017 yilinin bagindan itibaren
gecerli tarifeler ile maliyetler toplami arasinda neredeyse hi¢ aralik kalmamis, bu
durum diizenleyici otoritenin sirtina biiytik bir yiik getirmistir. Diizenleyici otorite her

XXV



sene yiiksek tiiketimli miisteriler i¢in belirlenmis tiiketim limitini asag1 cekerek
kendisini biraz daha rahatlatmakta ve bu sekilde serbest piyasanin oniinii agmaktadir.

Perakende elektrik pazarinda dogrudan nihai miisteriye sadece satis yapan oyuncular,
yiiksek rekabet nedeniyle diisiik karlilik seviyelerine katlanmak zorundadirlar. Emtia
iirlin pazarinda, miisteriler en ucuz {iriinii tercih ederler. Maliyetlerini diisiirmeyen
sitketler maalesef pazar payr kaybetmek veya faaliyetlerini sonlandirma gibi
sonuglarla kars1 karsiya kalmaktadir. Dolayisiyla Tirkiye perakende elektirik
piyasasinda operasyonel miikemmellik ile maliyetlerin disiiriilmesi pazarda rekabet
avantaji elde etmenin kritik faktoriidiir. Maliyetleri azaltmak i¢in sirketler verimli
operasyonel siire¢ uygulamak ve hammaddelere ulasmanin daha ucuz yolunu bulmak
gibi yontemlere bagvurmaktadir. Tiirkiye ve diinyadaki perakende elektrik pazarmin
en temel sorunu da elektrigin bir emtia olusudur. Oyle ki oyuncular katma deger
saglayabilmek icin farkli yollar aramis ve en cok tercih edilen yontem maliyetlerin
minimize edilmesi yoluyla daha fazla karlilik saglanmasi olmustur.

Bu caligmada, yiiksek tiiketimli miisterilere perakende elektrik satisinda, isbirligi
yoluyla elde edilen fazladan karlilig1 paylasiminda kooperatif oyun teorisi kullanilarak
paylasim yontemleri incelenmis ve farkli ¢oziim yontemleri ile elde edilen sonuglar
kiyaslanarak analiz edilmistir.

Yapilan inceleme ve analiz sonuglarina gore, perakende elektrik pazarindaki
oyuncularin igbirligi yapmalari ve bu sayede daha etkin maliyet yapisinin elde edilmesi
onerilmektedir. Eletrik iiretim santralleri iiretim tarafinda sahip olduklar1 varliklari
sayesinde perakende sirketlere gore daha diisiik fiyatli baz enerji maliyetine sahipken,
perakende sirketleri sahip olduklar yaygin satig agi, miisteri datasini analitik igleme
kabiliyeti ve satig bilgisine sahiptir. iki tarafin yetkinliklerinin bir araya gelmesi ile
saglanacak yeni yap1 pozitif sonuclar doguracaktir. Yapilacak igbirligi sayesinde daha
etkin bir maliyet yapisi elde edilecek ve ortaya fazladan karlilik ¢ikacaktir.

Bu calismada iiretim tarafindan 6zel santrallerden yerli komiir, ithal komiir ve
dogalgaz liretim santralleri ayr1 ayr1 olacak sekilde perakende sirketi arasindaki oyun
incelenmistir. Ayrica yiiksek tliketimli miisteriler pazardaki mevcut miisteri
segmentasyonu geregi lice ayrilmistir. Oyleki ilk grupta 50 GWh ve iizeri, ikinci grupta
10-50 GWh arast1 ve tigiincii grupta 1-10 GWh arast tiikketime sahip miisteriler alt hedef
kitleler olarak belirlenmistir. Miisterilerin {i¢ gruba ayrilmasinin sebebi oyuncularin is
modelleri ve kurumsal stratejileri geregi farkli maliyet ve satig fiyatinin ortaya
ctkmasindan kaynaklanmaktadir. Ug farkl iiretici tipi perakende isbirligi ve ii¢ farkl
segment i¢in incelenmis ve toplam dokuz farkli sonug ortaya ¢ikarilmistir.

Koalisyon sayesinde elde edilebilecek kar fazlasinin her bir senaryoya gore
hesaplanmasi ¢alismanin uygulama kapsaminda ilk adimini olusturmaktadir. Burada
her bir koalisyonun mevcut duruma ilaveten saglayacagi maliyet avantajlar1 sayesinde
elde edilecek kar biiyiikliikleri hesaplanmistir. S6z konusu ilave kar biiyiikligi
koalisyonun gergeklesmemesi durumunda olugsmayacaktir. Sadece koalisyon ile
saglanacak bu kar biiyiikliigii oyunun basinda bilinmekte ve taraflarin kendilerine
diisen payr kabul ettikleri durumunda koasliyon saglanabilecektir. Bu kapsamda
oyuncularin rasyonel kararlar vermesi en temel ihtiyagtir.

Elde edilen ilave kar biiyiikliigliniin taraflar arasinda ne sekilde pay edilecegi
uygulama kapsaminin ikinci adimimi olusturmaktadir. Pratikte sirketlerin bu tiir
anlagsmalarda mutabakat saglamasi olduk¢a zorlu siireglerin tamamlanmasini
gerektirmektedir. Oyle ki her bir taraf kendi faydasin1 maksimize etmeye calisacak ve
kendi i¢in en biiylik degeri elde etmeye ¢alisacaktir. Bu dogrultuda uygulamanin ikinci
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adimi, koalisyon ile ortaya ¢ikabilecek ilave kar biiyiikliigiiniin oyunular arasinda nasil
paylastirilacagi sorusunu ele almaktadir. Diger bir deyisle bu ¢aligmada, kar paylasim
sisteminin analitik ¢oztimii ve farkli ¢oziim yontemleri ile elde edilen sonuglarin
karsilastirilmast gerceklestirilmektedir. Bu dogrultuda uygulamada kullanilan ¢6ziim
yontemleri; iki Oyunculu Nash Pazarligi, Kalai Smorodinsky Pazarligi ve Agirlikli
Shapley'dir.

Kullanilan yontemlerden ilki Nash Pazarlik ¢6ziimiidiir. Bu ¢6ziim yontemi koalisyon
ile elde edilen fazlalik faydayr maksimuma ¢ikarir ve oyuncular arasinda paylastirir.

Uygulamada kullanilan ikinci yontem Kalai-Smorodinsky Pazarlik ¢6zimii,
maksimum kazancin oyuncular arasindaki paylastirilmasini esit agirlikta yapmaktadir,
diger bir deyisle elde edilen fazlalik fayday iki oyuncu arasinda esit dagitmaktadir.

Son ¢dziim yontemi olarak uygulanan Agirlikli Shapley ise belirli bir agirliklandirma
methodu ile oyuncular arasinda fazladan faydanin dagitim esasini ele almaktadir. Bu
¢ozlim yontemi oyuncularin koalisyon ile elde edilen fazladan fayday: farklilasan
oranlarda dagitabilmeyi miimkiin kilmaktadir. Pratikte de s6z konusu farklilagan
oranlara ihtiya¢ duyulmaktadir. Oyleki herhangi bir durumun basarili olabilmesi igin
gerceklestirilen koalisyonda taraflardan birinin ya da birkacinin daha fazla katki
saglamas1 gerekmesi durumunda elde edilecek fazladan faydayir da harcanan efor
tizerinden dagitilmasi talep edilebilmektedir. Boyle durumlarda elde edilen fazladan
faydanin oyuncular arasinda esit dagitilmasindan ziyade belirlenecek kritere gore
oyuncularin alacagr agirliklarin farklilastirilmast oyunun gergeklestirilmesini de
miimkiin kilan adim olabilmektedir. Nitekim fazladan efor sarfeden oyuncunun diger
oyuncular ile esit hakka sahip olmas1 her durumda kabul edilebilir olmayacaktir. Bu
durumda koalisyon da gergeklesemeyecektir. Agirlikli Shapley bu soruna ¢dziim
getirerek oyuncularin eforlarina gore agirhikli olarak faydadan pay almasim
saglamaktadir.

Koalisyon ile elde edilecek fazladan faydanin oyuncular arasinda paylagimi
kapsaminda uygulanan {i¢ ¢6ziim yontemi sonuglar1 kiyaslandiginda; Nash ve Kalai-
Smorodinsky, fazladan karliligi oyuna giren iki oyuncu arasinda ayni miktarda
paylasitirirken, agirlikli Shapley oyuncularin tek basinda elde etmis olduklar1 karlilik
oransalliginda paylasim yapmaktadir.

Karar asamasinda ii¢ farki ¢éziimden hangisinin kullanilmasinin gerektigi bakis
acisina gore degisebilecektir. Oyle ki s6z konusu fazladan karliligin gergeklesebilmesi
iki oyuncunun da oyuna katilmas1 durumunda gegerlidir. Eger bir oyuncu koalisyona
katilmaz ise diger oyuncu kendi basina elde edecegi karliliga raz1 gelmek durumunda
kalir ve s6z konusu fazladan karlilik olusmayacaktir. Ancak oyuncularin tek baslarina
elde ettikleri karliliga baktigimizda 6zellikle komiir santralleri ve perakende sirketi
arasindaki oyunda biiyiik bir ugurum oldugu goriilmektedir. Bu sebeple komiir santrali
fazla karliligin esit paylasimini kabul etmemeyi tercih edebilecektir ve oyun
gerceklesmeyecektir ki bu durumda da bahsi gecen fazladan karlilik da gergek
olmayacaktir. Bu durumda isbirliginin saglanabilmesi i¢in agirlikli Shapley yontemi
uygulamak gerekebilir.

Tirkiye perakende elektirik piyasasi kapsaminda degerlendirildiginde isbirligi ile
saglanan ekstra karlilik kisa vadede s6z konusu iki oyuncuya fayda saglarken, orta-
uzun vadede piyasada ikili isbirligi sayisinin artmasi ile fayda nihai tiiketiciye
aktarilabilecektir. Tim sektorler diisiiniildiigiinde ise elektrigin temel maliyet kalemi
olmasi sebebi ile tiikketim iirtinleri fiyat seviyesi olumlu etkilenecektir.

XXVil



XXVIil



1. INTRODUCTION

Turkish electricity sector is one of the fastest growing market in terms of supply and
demand, globally. Turkish population is among top countries, it is now more than 80
million. And Turkish production level is significant by comparison other developing
countries. Furthermore it has been in the process of liberalization of the within the
context of “Energy Sector Reform” since the early 1980s. Since March 2001, the
Turkish Government has embarked on a long and comprehensive process to reform
and liberalize its energy market in order to attract private investments, enhance
competition, increase efficiency and shift the investment burden from the state to the
private sector. There are huge achivements regarding this aim.

Especially in retail electricity market, companies have difficulty competing against
each other. Although there are separated parties power plants, wholesalers and
retailers, as every each of them eligible to obtain retailer licence from regulators. So
that they are competitors for end user side. Because of compelling regulatory
conditions as having limited playing field as regulation tariff is too low to compete and
economic situation for Turkish citizens, it get hard for electricity companies to carry
on the retail activities. There are different regions that the electiricity distribute to end
user. So we can say that the cost of distribution is very high to handle by every retailers.

This is why the country split into regions.

Within this context, instead of competing with each other, cooperating with two or
more players and acting together for retail services is became applicable and
meaningful for Turkish electricity retail market. Because there are retailers and other
companies providing electricity to end user directly. This situation makes a huge
number of different parties so the competition level get high and the operational
efficiency get hurt. Thanks to economy of scale, excellence in operations by building
a significant coalition with two or more players among retailers, whosalers and power
plants, cost saving can be obtained. With the coalition every part can put the best
capability they have. So that the new coalition have margin to fall the end user price

level with the same profit margin levels and increase its electricity volumes.



The mentioned above situation building a coalition game is difficult to realize. As
being stand alone and seeking profit, every of each party to purpose for the objective
of maximizing their own individual payoffs. In other word, rationality and intelligence
are two fundamental issues in such a coalition sitiation of parties from electricity
retailers. The notion of coalition which is closely tied with the notion of correlated
strategies, can be developed without abandoning the individual decisions. In addition,
here the main question is how the total payoff is to be divided among the players. The
concept of game theory and and as solution approaches cooperative and non-
cooperative games allow players in a coalition to share the payoff with an agreed point
of weight. Because the share principles is the main factor for a player to accept or
reject the cooperation. Of course they do not believe each other if there are no
applicable mathematical model regarding profit or cost saving. But with the solution

concept of game theory enablep a game to come true.

1.1 Purpose of Thesis

Our purpose is to study cooperative and non-cooperative game theory concepts for
rationalization of building a electricity retailer cooperative including all parties such

as retailer and power plant who have retailer licence.

Within this thesis scope, we establish a framework in which the possible sub-
coalitions, positive effects for profit surplus and the comparison of game theory

solution concepts have been implemented.

In this paper, we use three well-known two-person Nash bargaining solution, Kalai
Smorodinsky bargaining solution and weighted Shapley solution to analyse a sub-
coalition between retailer and power plant of electricity market based on retail part.
We model the interdependencies in electricity rateil market as a game in value function
form, which is calculated as a net profit value. The solution of each game concepts
allocates to each liberal player —Power Plant, Retailer — a share from the total profit.
Additionally, we compare the three solution concepts mentioned above.

The rest of the article is organized as follows. Section 2 is devoted to cooperative
games. In Section 3, 4 and 5 we analyse Nash bargaining, Kalai Smorodinsky and
weighted Shapley value solutions respectively. Within these sections we try to

summarise the framework of mentioned solution concets. Moreover, as having its



special characteristics and dynamics, in Section 6 we give crucial information about
Turkish electricity market structure, supply chain and each of players from different

parties.

Ultimately, in section 7, we calculate maximum profit that will earn with cooperation
of retailer and power Plant. Additionally within this section, we built solution models
enabling profit allocation across two players for each of every concepts -two-person
Nash bargaining, Kalai Smorodinsky bargaining solution, weighted Shapley value-

and compare their results.

Section 8 summarizes our conclusions and the recommendations.

1.2 Literature Review

For the literature review, we mainly use game theory, cooperative and non-cooperative
games, solution concept, Nash Bargaining, Shapley value, game theory
implementations on energy markets keywords in order to understand the game theory
solution concepts, applications and academically aproved studies regarding

cooperative games.

We may say that John von Neumann and Oskar Morgenstern laid the foundations of
modern game theory with a comprehensive book named Theory of Games and
Economic Behavior, published in 1944. Julia (2010) claims that, Edgeworth (1881),
von Neumann (1928), Cournot (1838), Bertrand (1883), and Zermelo (1913) has also
key achievements however she emphasizes that these studies are lacking a uniform

theory regarding strategic behavior of interactive decisions.

There are many critical social science studies solved with game theory applications,
especially in the field of economics. For complicated issues mathematical approaches
of game theory can be utilised according to Von Neumann and Morgenstern (1944).
Hence, they ensure an abstract mathematical formulation especially for complicated
situations in social science. They basically develop a comprehansive theory including
the normal or extensive games, concepts of stand alone and mixed strategies,
coalitional games, and etc. Apart from these achivements, they build up the utility

theory itself.

The categorization of game theory concepts is a critical milestone for development of

game theory. Such that, Von Neumann and Morgenstern split the theory of games into



two approaches. The first approach is considered as strategic or non-cooperative game
theory, and the second approach is called coalitional or cooperative game theory.
Within this concept, a noncooperative game determines all rational and possible
actions of each decision maker in the game. On the other hand for cooperative games,
addresses the patterns of cooperation. This type of consideration is valid until this day
as cooperative and non-cooperative game theory.

There have been various study regarding game theory following von Neumann and
Morgenstern. Equilibrium idea, which is corresponding well-known notion Nash
equilibrium is builded up by John Nash (1950, 1951). In Nash (1953), he also studies
cooperative game theory. In the scope of two-person cooperative game, he uses two
different solution types. The first approach contains switching cooperative game to
non-cooperative game. With the second approach, axioms are used which include
preferred properties and ensure an optimal solution for players. Nash (1953) makes a
definition regarding the term bargaining as a situation in which cocluding the mutually
beneficial agreement is optional for the parties, and there is a conflict of interests about
which agreement to conclude and the agreement may not be imposed on any player
without acceptance. The affermentioned two person bargaining problem has been
applied in many important contexts including management labor arbitration, duopoly
market games where two big rival companies work out adjustments on their production
to maximize their retuns, supply chain contracts where a buyer and a supplier work
out a mutually beneficial contract. We will detailed Nash Bargaining solution concept
in Section 3.

Shapley (1953) makes a huge achivements in the scope of cooperative game theory.
They are considered as important basis for game theory. The concept of core is
established by Gillies (1959) for cooperative n-person games. Shapley (1953) develops
the term of the Shapley value as an additional solution concept as well. The core can
be considered as the a set of possible allocations with specific properties, which means
the set of solutions. On the other hand, the Shapley value ensures a unique allocation
for players. The Shapley value solution concept is described by many economists as
the main solution concept to cooperative games with transferable utility. Having fully
symmetric allocation is the motivation of the Shapley value. However, for some
situations being non-symmetric is the main requirement itself. For those situations

classical the Shapley value model does not match for players. Exactly for that



requirement, the weighted Shapley value was introduced by Shapley (1953). In this
solution concept, each player has a positive weight for the allocation. These weights
are the share of the allocation for the players. We will define in Section 5 the notion

of the weighted Shapley value.

According to Lewontin (1961), most applications were found in economics, politics,
military, and first steps in evolutionary biology during the early time of game
theoretical researchs. For the economic applications, according to Shubik (1962) cost
accounting problems for a company can be solved with game theory. However, critical
developments regarding different solution concepts has continued until now. Each of
them have their pros and cons, so we cannot say that one of them is superior. This can

be define within the situation and the requirements.

According to Harsanyi (1966) a cooperative game is an situation where commitments
are binding and enforceable for players which means the each article of the contract is
valid during the duration of contact. Here commitments can be, agreements or
promises. Infact threats also can be classified as commitment for some situations. On
the other hand, there is no binding commitments in non-cooperative game. Harsanyi
(1966) says that any cooperative game can switch to a non-cooperative game if
required. In a situation when commitments are broken, the incorporation of the
commitments into the rational strategies and the penalties into the payoff matrix have
required. As the afferomentioned switch makes a huge increase in the size of the payoff
matrix, Harsanyi (1966) does not propose to use with non-cooperative games alone.
Additionally, in Harsanyi and Selten (1988), they have refined the definition as the
players are not able to be in obligatory agreements, but there is a situation where they
are able to model such commitments with game theory. In many areas of economics,
those obligatory commitments are prevalent for players. In practice we can say that
almost every purchasing relation is include some binding principles stated in a contract
signed between two companies. Additionally budgetary penalties have been covered
in these contracts that focus to deter the parties from going back on the contract

articles. By this way the contract can be characterized as binding.

As we see the researches of game theory until the 1970s, these solution concepts were
generally considered and used as a mathematical concepts. Later on, lots of study
utilized game theory for solving economical problems. We can say thay in the situation
of competition or cooperation between companies requires the decision problems,



which can be solved with the game theory methods. In the practice, players can be
considered as firms, parties in the supply chain, companies’ business units, customers,
or even employees. So, we can say that business applications are utilised in lots of
sectors in very extensive application area. Within this scope Chatterjee and Samuelson

(2001) develops many comprehensive studies in the field of business issues.

As a matter of course, service model of energy market includes multi players and so
that the share of profit/cost in the case of any business agreement, is a critical matter
for this market. Additionally, as having coalition option for service model and due to
its scale with multi player structure, energy market is a well-suited study field for game
theory. We have seen lots of applied study regarding profit/cost sharing model for
energy market. Parsons (1989) develops an application regarding long—term gas
supply contracts mainly focusing long term value of those contracts. With a more
recent study, Hubert and Ikonnikova (2004) and Hubert and Suleymanova (2008)
invest a quantitative case of power relations in real world supply chains using
cooperative game theory. Ting (2018) provides a most recent study regarding profit

sharing model for Turkish electricity supply chain using cooperative game theory.



2. COOPERATIVE GAMES

While the Non-Cooperative Games analyses the the individuals, Cooperative games
deal with the competition between coalitions of players. Allocation method of the
payoff in is the main question. The allocation of the outcome of a co-working between
the players is a basic assumption in cooperative game theory. Transferable utility
means a commodity, which can be transferred between the players. Transferable utility
assume that the numbers can express the earnings of a coalition. For instance,
individual utilities can be expressed in monetary terms. The second assumption is risk-
averse behavior of the players in their preferences for money. Therefore, it is possible

to ignore the player’s individual utility functions.

Cooperative games are defined by N = {1,2,...,|N|} is the given set of players. Players
are decision makers and every subset S € N of cooperating players a coalition. Players
coooerating with each other are in same coaliation. If not, they belong to another
coalition. N is called the grand coalition, that is the group consisting of all players. The
main purpose of cooperative game is analysing the players decisions, strategies, and
solutions. Two-player-games are more manageable than the more than two players
game because of complexity of the solutions. The number of coalisrions rising

exponentially.

The second factor, the characteristic function c, representing the total amount of

transferable utility.
c:2N 5 R (2.1)

This function can be a cost or profit value to each coalition S € N which determines

the best outcome for the coalition S
It is assumed that for an empty coalitions.
c(@) =0. (2.2)

If the players able to create the grand coalition and aim to share total profit among

themselves, the allocation will mainly depend on the dominance structure in the grand



coalition. Ability to make any sub-set of players agreeing to cooperate can be defined
as a player’s dominance (Myerson 1991). So, characteristic function can be considered
as the summary of the dominance structure of the game. In summary, a game is defined

by the pair
I :=(N,c). (2.3)

For the characteristic function, the term coalitional game can be used instead. Here, it
Is required to give the characteristic function to define a cooperative game by the
reason of via the dimension of the characteristic function the players are covered

entirely.

If we consider a revenue or profit situation the outcome to be preferred as higher as
possible. On the contrary, for a cost situation, outcome which enables lower cost
amounts will be welcomed. The symbol v is usually used for profit functions and ¢ for
cost functions. Most of the time, profit and cost games can be handled the same way.
An exception to this is the existence of restricted cooperation. It is also customary in

game theory and its applications to convert a cost game into a cost savings game with
V(S) =Yiesc{i}) —c(S) forallS € N (2.4)
c(S) = v(N)— v(N\S) forallS € N (2.5)

Obviously, v(@) = c(@) = 0 holds for both transformations.



3. NASH BARGAINING SOLUTION

Economic transactions create surplus. Bargaining theory research the question of how
the surplus will be distributed among the participants. In almost all cases it is restricted
to the case of two agents. Assume one agent has an object to sell, and another has the
opportunity to buy it. Assume the seller values the object less than the potential buyer.
The diference between the valuation of the seller and that of the buyer is the potential
surplus. Because there are joint gains from trade, it is rational to assume that the
transaction will occur. The objective of bargaining theory is to say something about

the price at which the transaction will take place.

According to Nash (1950), bargaining means that the each of every player have rights
to be involved in a game or not. This is totally upon players decision, so that the game
should be mutually beneficial agreement for players. We can also say that any of

agreement can not be imposed on any players if the player do not accept the game.

In the scope of this thesis we use two-person bargaining problem which may be
described as: think there are two persons for a situation lets state player 1 and 2. They
will decide to be included or not upon the profit/cost savings they will get in case of
game realized. Here the results or outcomes are given by the utility functions
u, and u,, respectively. The payoff vector, u = (uy,u;), is an element of a two
dimensional payoff space, P, (i.e.,u € P). The pay off space is supposed to be
compact and convex. For the set of payoff vectors we use H. Here in the solution we

shall use H as the upper-right boundary of pay off space P.

For the disagreement payoffs of player 1 and player 2 we use t pointand t = (t, t2) € P
be the vector of, respectively. Here if any of player do not accept the game and so the
game can not be realized, player i get ti (i = 1, 2) payoff. LetP*={u € P):u1 >ty
uz > to} . So that, P* C P,

Let H* denote the upper-right boundary of P*. Thus, H* € H. The bargaining problem
is then: Given P and t, what will be the solution, & = (i, u,) that the bargaining

parties will eventually reach, assuming all individuals act rationally?



In the scope of two-person Nash bargaining solution concept, main theory, perceiving
only total utility functions. This total utility function able to contains two of rationality
axioms. The first axiom which is supported by ordinal utility function is individual
rationality (IR) that means players will not accept the payoff or the game itself if that

player’s payoff from the game to be lower than the disagreement point amounts,
u;, > t;(i=1,2)sothatu; €P

The second one is pareto optimality (PO). The PO means that the agreement will not
be formed. Because if none of the players will get a better results or there are some
other alternatives providing better results than the game for any of players, rational

players would not involve in the game.

These two axioms limit the solution, i to H*. The negotiation set, is not a unique result
or solution, #. As mentioned in the literature review Nash (1950) provides a sigle
solution to the game. For this unique solution three additional axioms have to be
covered apart from the two axioms mentioned above. The additional three axioms are

as follows symmetry, linear invariance and independence of irrelevant alternatives.

Symmetry (SYM) can be explain with the following statement. Let P* be “symmetric”;

namely, if a point, (b, a) € P*, then the point (b, a) is also in P*. Then, P* is symmetric,

For explaining linear invariance (LINV), let & to be the result of the agreement (or
simply game), G. Let G* be the game that results from G if one player’s result from
the game (or simply utility function), ;, is liable to an order-preserving linear
transformation, T, making the remaning player’s results, #;, the same. With this
condition, the result &* of the new situation, G*, is the image of « under T, i.e., u* =
T u.

For the last one of three additional axioms the independence of irrelevant alternatives
(I1A), we can refer also binary independence. This axiom means that if a game is
multiplied by a positive constant the results will not be affected and to be the same

actually.

With this approach including five axioms, Nash proved that under the aforementioned
five axioms, u = (uy,u,) as the result of the game or lets say the utilities that the
players will take, is the point satisfying

10



(U — t)W — tp) = (31213()[ (U — t)(uy — t3)] (3.1)

umax

such that

Uu; Zti (l: 1,2)

Figure 3.1 : Bargaining problem and solution function.
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4. KALAI-SMORODINSKY BARGAINING SOLUTION

Within the scope of the Kalai-Smorodinsky Bargaining Solution (KSBS short), the
convexity is not a property that need for the feasible set. However it is not the case for
comprehensivity, the feasible set must be comprehensive.

To be clarified, a set P < Rn is comprehensive if, given a point z € Rn, the relation

z <x <ywithy € P,impliesx € P.

Here again we use point t for disagreement point. In the scope of the feasible set P
and the disagreement point ¢, this solution concept says that the solution should be
covere at least following four properties. The first one is f(P,t) = t. And the second

propertyisy > f(P,t) =y & P.

Additionally the third property can be explained as; (), it holds that f(t(P), t(t)) =
(f (P, t)). And the last property for KSBS can be detailed as; suppose thatt € P’ <
P and Pmax is identical for both (P, t) and (P’,t). Then, if f(P’,t) shows Pareto—
optimal situation of P, it holds that f(P,t) = f(P',t).

The quantity Pmax, also we can refer as utopian point, can be define as the point that
ensures the biggest possible results with involving in the agreement. This situation can
be formulated as

= > .
Pmax(P, t) (rPrllgl))( P, gllzélz’( P, .., ;;1121)3( Pl) T>t 4.2)

where max Py represents the maximum possible utility for node k and shall be greater
or equal to the utility at its disagreement point tx. Usually, all nodes cannot
simultaneously achieve their maximum possible utility, hence the utopian point does

not belong to the feasible set.

13



Feasible set P

\;R Umax
uz """""""" e e
e >

Figure 4.1 : A feasible set and KSBS.

In practice the solution may be found with the following calculation steps. First
disagreement point t and the utopian point Pmax or umax Which gives the maximum
possible level of profit. After then the space we refer as feasible set and use symbol P,
should be found. And of course this space will provide all utility points from any
cooperative. Finally, with simply connecting t and Pmax with a straight line, and
computing the equation of the straight line, the solution can be found. This calculation

steps is illustrated in figure above.
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5. WEIGHTED SHAPLEY VALUE

The Shapley value is a widespread solution concept in cooperative game theory that
provides a unique allocation to players in a cooperative. It is considered as the main
solution concept for cooperative games with transferable utility. The Shapley value is
based on a set of axioms that decide the allocation to a player based on the player’s

marginal contribution.

One of the main axioms that characterize the Shapley value is one of symmetry. The
underlying motivation for using this axiom is the assumption that except for the
parameters of the games, the players are completely symmetric. Symmetry is
unrealistic itself, for some situations. If the two players cooperate, they can generate a
incremental profit which is to be divided between them. If they continue to be separate,
they can generate no profit. The Shapley value considers this situation as symmetric,
allocates the incremental profit uniformly among the players. For some situations, one

of the player’s effort may be needen more than other player in order to be succeed.

For the very reason, The family of weighted Shapley values was introduced by Shapley
(1953). With an other word, weighted Shapley value is an asymmetric version. Each
weighted Shapley value allocates weight, which is positive, and sum of all weight must
be equal to one. In this case, weights are assigned to players and the incremental profit
or cost is divided according to these weights. The case where some players are
assigned a zero weight is also applicable for some situations. With this perspective, we
can say that the symmetric Shapley value is also considered a weighted where all the

weights are the same.

Shapley (1981) proposed also a family of weighted cost allocations schemes and
axiomatically characterized, for exogenously given weights, the schemes associated
with these weights. This family of solutions is related to the weighted Shapley values
by duality. We explore further the relationship between these two families, provide an
axiomatization of the latter family (which does not use the weights explicitly in the

axioms as Shapley's axioms do) and get as a result an axiomatization of the symmetric.

15



Let w € RV++ (thatis w; > 0 for every i € N). Unanimity game ug for S € Cp, is
defined by us (T) =1 for T 2 S and us (T) = 0 otherwise, and that the set of
unanimity games, for all S € C, is a basis for the lenear space G of games. The
positively weighted value ¢ (which is called the w — value) is the unique linear

perator satisfying

o
— fori €S

o us(i) ={w<5> ort (5.1)
0, fori ¢S

for each unanimity games ug. If w; = % for every i € N, then @® is the Shapley value.

Owen (1972) says that positively weighted values are path values, the path a being
defined by

a;(t) = t¥ foreveryt € [0,1]. (5.2)

It is important that the mapping w — @® is homogeneous of degree zero, that is
@ = @ for every 1 > 0. So that we can dicrease our attention to vector w in the

relative interior of A(N), which is called weight vectors.

Now let turn to an axiomatic characterization of positively weighted values. A solution
Y is strictly positive if for every monotone game v without null players, Yyv (i) > 0
forevery i € N. It is easily verified that a probabilistic value y is strictly positive, if
and only if p‘(S)> 0 for every iandeveryS € C, where {p':i € N} is the
collection of probability measures that define 1. A coalition S is said to be a coalition
of partners or a p-type coalition, in the game v, if, for every T @ S and each R <
S¢ v (R UT) = v(R).Asolution v satisfies the partnership axiom if, whenever S is

a p-type coalition,

Yv(i) = pv(S)us) (@) forevery i € S. (5.3)
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6. TURKISH ELECTRICITY MARKET

The roots of the current electricity market was established by the foundation of the
state-owned and vertically- integrated electricity company Turkish Electricity
Authority (Tiirkiye Elektrik Kurumu) (“TEK”), which was controlling the entire
Turkish electricity sector starting from 1970 to 1984.

Private generation and distribution modeled companies were allowed to operate in the
market after 1984. In 1993, in order to start the liberalization of the market, TEK was
separated into two embranchments: namely, Turkish Electricity Generation and
Transmission Corporation (“TEAS”) and Turkish Electricity Distribution Corporation
(“TEDAS”).

While TEAS performed the generation, transmission and wholesale activities, TEDAS
performed the distribution activities. The Turkish Electricity Market Law of 2001,
provided for the unbundling of state owned electricity assets, opened the market above
a hurdle rate (certain level of electricity consumption), and allowed third-party
companies to the system. It also mandated that all generation capacity to be sold to

wholesalers, retailers, or directly to consumers, either directly or via a spot market.

In 2001, Turkish Electricity Generation and Transmission Corporation (TEAS) was
structured as three separate public economic enterprises with the titles of Turkish
Electricity Transmission Company (TEIAS), Electricity Generation Company
(EUAS) and Turkish Electricity Trade and Contracting Corporation (TETAS).
TEDAS, which has been conducting electricity distribution and retailing activities
since 1993, was included in the privatization scope and program in 2004 upon the

decision on privatization of these services.

The regions of distribution were reidentified again and Turkey was separated into 21
distribution regions. 100% of the shares of the companies operating distribution assets
owned by TEDAS, and the compulsory elements for the operation of these assets under
the scope of operation rights were privatized through share transfer method. Their

privatization started in 2008 and completed in 2013. While Electricity Distribution and
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Retailing Services were being conducted via the distribution companies before, they

were started to be provided by separate companies as of 2013.

The structuce and development of the companies can be seen in figure below.

EUAS TEIAS TETAS

(Generation)  (Transmission) (Wholesale)

21 Private Distribution
Companies (2005-2013)
2013
Retail Sale Private
Imcumbent/Non. nzll Pﬂ““lm
i;’:;:“::‘ Companies

Figure 6.1 : Development of electricity companies.
6.1. EMRA's Electricity Market Tariff Regime

Companies in the electricity market are subject to be licenced by Electricity Market
Regulation Authority’s (“EMRA”). End user tariffs are published by EMRA’s board's
decision for a three-months period. According to the tariff consumers are divided into

two main categories upon their connection point to the network.

First group is the consumers who have transmission system connections while they are
purchasing electricity from the incumbent supply companies. The second group of
consumers are the consumers whose connection to the network system is from the

distribution system.

The second group is divided into five main categories. These groups are mainly
categorized according to usage of electricity. These are; industry users, commercial
users, households, agricultural irrigation and lighting. It should be addressed that most
of the consumers in the above-mentioned groups also fit in the free consumer category.

The latest tariff which effective for first quarter of 2019 with TL/kWh unit price can

be seen table below.
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Table 6.1 : Electricity tariff effective for first quarter of 2019.

All Taxes and

Connection Type V_cl)_:;[fr?qe/ Tariff Group Slnlglr?e'll"lmgﬁccslve DlstrFli):tlon funds included
oy End User Price
Transmission Industrial 364,5 0,0 438,7
Industrial 3726 68,0 528,7
Medium  Commercial 406,6 106,0 643,2
Voltage
Double Residential 2815 105,0 4826
Term Agricultural Irrigation 3678 873 554,4
Illumination 372,2 1018 594,4
Industrial 3726 75,1 537,2
c Medium  Commercial 410,2 132,2 678,8
2 Voltage
2 Single Residential 280,2 129,7 510
3 Term Agricultural Irrigation 370,5 1087 583
a
Illumination 3756 126,9 628,5
Industrial 3809 116,3 595,6
Commercial 415,0 157,6 714,8
Low
Voltage _ Residential 279,1 154,1 537,5
Single
Ter%'n Martyr Families 103,2 104,5 254,8
Agricultural Irrigation 3745 129,5 612,3
380,2 150,9 662,5

Illumination

In addition to tariff categorization, EMA also categorized the electricity customers into
two categories with respect to their consumption levels. Energy Market Regulatory
Board is absolute authority to determine the limit in yearly basis which is called
"eligible consumer limit" and for the 2019 the free consumer limit has been decided
as 1600 kWh. Free consumers are the consumers whose yearly electricity consumption
is over the free consumer limit or directly connected to the transmission system or
organized industrial zones according EMRA. The main characteristics of the free
consumers is to have the right of signing bilateral energy purchase contracts with the
electricity suppliers. Those who are not eligible consumers (non-free consumers) can
only supply electrical energy or capacity from the incumbent supplier company in its

region while paying the regulated prices.

Additionally, EMA defines another consumer group as the "free customers” who do
not actively use their right to sign bilateral energy purchase contracts, and this sale
transaction of electricity is called "supply of last resort”. Moreover, the Electricity

Market Tariff Regulation (EMTR) defines two different group of the last resort
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consumers such as low-consumption level consumers and high-consumption level

consumers.

6.2.  New Practice For High-Consumption Level Consumers

Before the high-low consumption level practivce "supply of last resort” consumers
were purchasing electricity from the incumbent supply companies, and the price of the
electricity was equal to the regulated retail price. However, the last resort consumers
in the electricity retail market divided into two categories according to their
consumption level as low-consumption level consumers and high-consumption level
consumers. The consumer limit has been determined as 50 million kWh for 2018. In
other words, consumers who consume more than 50 million kWh electricity defined
as high-consumption level consumers. The other side of the coin is that the consumers
who consume less than 50 million kWh electricity defined as low-consumption level
consumers. In January 2019, the limit leveled down to 10 million kWh and EMRA
gave very clear message to electricity market that the limit will go down. We should
address that there is nothing changed for the low-consumption level consumers, and
they will continue to purchase electricity at the regulated retail price. Customer group
according consumption level, tariff and supplier options can be seen in the figure
below.

Eligible Customer

Customer
Category

Non-Eligible
Customer
Low Consumption High Consumption

Customer Customer

Consumption
Level

1600 - 10 Million Over 10 Million

0-1.600 KWh KWh KWh

Last Resort Tariff or Regulated
Regulated Tariff Unless Tariff According to Highness of
Signing Bilateral Aggreement Them Unless Signing Bilateral
Aggreement

Tariff/Market Regulated

Free to Select Own Retailer Free to Select Own Retailer

Incumbent Retailer

Figure 6.2 : Customers according consumption level, tariff and supplier options.

The gap between the regulated price for the low-consumption customers and the

market price became smaller. In order to create a liberal market, the margin between
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the regulated price and the market price is essential. Then, the new tariff application is
defined for high consumption customer with cost reflective calculation as
(PTF+FIT)*(1.0938). Because of this tariff calculation, retail companies and other
companies who has retail licence target the high consumption customers whose
regulated tariff option gives margin to liberal market action. Last three years regulated
active energy price level for both low and high level consumers and market price level

as TL/MWh are seen in figure below.

450,0
400,0
350,0
300,0
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200,0
150,0
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Q116 Q216 Q316 Q416 Q117 Q17 Q317 Q417 Q118 Q18 Jul-18  Aug-18  Sep-18 Q418 Q119

mmmm Market Cost

Feed in Tariff

Market Clearing Price PTF (Profiled)
- Regulated Tariff for Low Consumption Customer - Industrial
——Regulated Tariff for Low Consumption Customer - Commercial
— Regulated Tariff for Low Consumption Customer - Residential
— Last Resort Tariff for High Consumption Customer

Figure 6.3 : Regulated tariff versus market price.
6.3.  Market Activities

Supply chain structure of Turkish electricity market drawn as the figure below. The
left side of the chain is generation companies and the right side indicates the end user
of electricity. The red line shows regulated supply chain which determined by
EMRA’s rules and tariff. The blue lines indicates free market activities which

determined by the equilibrium of supply and the demand of the market.
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Figure 6.4 : Supply chain structure of turkish electricity market.
6.3.1. Generation

There are five types of generation players both licensed and unlicensed on Turkish
electricity generation market. The first type is state-owned EUAS. Second one is build-
operate-transfer (BOT), build-operate-own (BOO) companies. These companies
operate under a concession (BOT) or license (BOO) agreement signed between the
state and a private company. The third type is companies operating under a transfer-
of-operating-rights (TOR) agreement. The generation utility is owned by the state and
operated by a private entity. The forth type is independent power producers and the

last type of generation player is auto producers (Benan & Tuzcu, 2014).

The distribution of licensed electricity generation and installed capacity by entities in
2018 is shown in figure below. The biggest share both in generation and installed
capacity belongs to independent power producers. The distribution of licensed
electricity generation and installed capacity by resources in 2018 is shown in figure
below. The biggest share both in generation and installed capacity is belongs to the

natural gas power plants.
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Figure 6.5 : Generation and installed capacity according to entities.

Generation GWh

£,34%
‘ 27.26%

15,56%

6.51%

1.68%

21,82%

14,82%

1 NATURALGAS = HYDRO DAM
» LUGNITE 1 IMPORTED COAL
= RUN OF RIVER = WIND

» OTHER

Installed Capacity GW

4,43%

""5%

24,69%

8.38%

9.31%

10,75%

11,54%

= NATURALGAS = HYDRO DAM
= LIGNITE = IMPORTED COAL
= RUN OF RIVER = WIND

= OTHER

Figure 6.6 : Generation and installed capacity according to resources.

6.3.2. Transmission

Transmission activities are performed by the state-owned TEIAS, which has a

complete monopoly over this segment of the electricity market due to the natural

monopolistic characteristics of the transmission infrastructure.
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6.3.3. Wholesale

The aim of wholesales is to bring electricity, which is a commodity not stored, in the
most planned way until it is consumed. The wholesale market activities consist of

bilateral agreements, day-ahead market, intra-day market and Balancing Powermarket.

Bilateral [ Day-Ahead- Intraday Balancing
Agreement Market Market Power Market

Figure 6.7 : Structure of wholesale market.
6.3.3.1.Bilateral agreements

The majority of Turkish electricity contracts take place between a generation company
or a wholesale company or a retail company or an end-customer as an energy sales
contract. Bilateral contracts are not standardized so that the terms of the contracts are
subject to negotiations between parties.

6.3.3.2.Day-ahead market

An electricity market is a system enabling purchases, through bids to buy; sales,
through offers to sell; bids and offers use supply and demand principles to set the price.
Both the supply and demand sides may compete on the market, with producer on one
side and wholesale and retail companies on the other. The equilibrium price which
sellers want to sell and buyers want to buy is Market-Clearing Price (PTF). The price
on the day-ahead market is determined at the intersection of supply and demand. For
each trading hour, a supply curve is formulated from a combination of price-quantity
pairs that are listed in ascending order and combined into one offer. The demand curve
is formulated in the same manner, but the pairs are listed in descending order. The

intersection of the supply-demand curves determines the price of the related hour.

Legal entities holding license can join Day-Ahead Market by signing Day-Ahead
Market Participation Agreement which includes market participants responsibilities
regarding to Day-Ahead Market. Prices and volumes applied for clearing of Day-
Ahead Market at daily basis are determined for each hour.

24



Daily demand on the Turkish Day Ahead Market is met by a large number of electricity
products based on a variety of energy sources. Every type of power plant (Natural gas,
imported coal, lignite, etc.) has marginal costs in terms of usage. Marginal costs are
primarily determined by the “variable cost” of fuel and operating assets - costs that are
incurred when the power station is up and running and must at least be earned back.
Power plant capacity is drawn upon, starting from the lowest-cost option, until the
demand is met. The offer price of the last power station needed to satisfy this demand
(“marginal power plant”) determines the market price for all the other power stations.
Power prices are thus the result of the point at which supply and demand intersect.
Therefore, to cover high demand, a gas-fired power plant with relatively high marginal
costs would tend to determine prices, whereas to cover low demand, a more affordable

coal-fired power station would be preferable.
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Figure 6.8 : Supplied capacity in merit order.

6.3.3.3.Intra-day market

Intraday Market operate as a connection between the Day Ahead and the Balancing
Markets, together with this characteristic it primarily contribute to the balancing and
the sustainability of the electricity market.

6.3.3.4.Balancing power market

The balancing market is an enabler for ensuring a physical supply and demand

equilibrium. Although the system is theoretically in balance after the day ahead market
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is closed, there is always a possibility that market participants may produce below or
above their daily accepted bids/offers, leading to imbalances in real time. However, to
balance the system flexible producers can load or reload the system on short notice via
submitting their bids/offers through a transparent market application, the so-called

balancing market.

Having an energy deficit or energy surplus in the system is the main determinant of
price for the balancing market. First, all offers/bids submitted to the balancing market
are ranked according to their prices. For example, we can think about there is an energy
deficit in the system, the maximum accepted hourly offer price is accepted as the
system marginal price (SMP). This situation where a balancing entity sells energy to
the system is called up-regulation. On the other hand, when there is a surplus, the
minimum accepted bid price is accepted as the SMP. This situation where an entity
buys energy from the system in order to correct an imbalance is referred to as down-
regulation. This balancing model and principles have been regulated with Electricity

Market Balancing and Settlement Regulation which has been published in 20009.

6.3.4. Distribution

There are 21 distribution regions each one has its own distribution company. These
companies have been licensed to use TOR model. All of the production assets of every

each of 21 distribution company belong to TEDAS.

6.3.5. Retail

Retail electricity is sale of electricity to consumers. Among the rings of electricity
value chain, the retail electricity sector is the touch point to the end user. Competition
in this sector as a result of unbundling and liberalization, and convergence with other
utility sectors due to technological developments have fundamentally changed the
industrial organization dynamics of the retail electricity sector. These evolving
dynamics compel market players to develop new business strategies. In crafting these
strategies, it is extremely important to know consumers and to analyze their behavior,
to understand the structure of the new market players and their business models, how

to create added value in the new market structure

In electricity retailing, electricity is a “commodity” and the relationship between

supplier and consumer is a financial one. Therefore, it is extremely difficult to create
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added value and to obtain high profit margins in electricity —as a commodity- trade.
Creating added value and obtaining high profit margins are only possible via cost-
effective operations and innovative marketing methods. Cost-effective operations can
be achieved via scale and scope economies whereas innovative and targeted marketing
requires determining the sub-segments of the market accurately, which, in turn,
necessitates the knowledge of detailed demographic and socioeconomic elements as
well as consumer profiles. All these entail a thorough customer relationship

management (CRM) supported by a strong information system infrastructure.
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7. MODEL

7.1.  Players and Markets

Commercially electricity flows through deals or bilateral agreements between players.

In the following figure, you can see the flow of wholesale and retail electric market.

Wholesale

Market
[GOP, Gip, DGP)

Wholesale
¥ Companies, 4
Brokers

Eligible

Customers

—_— Wholesale Activities —_— Retail Activities

Figure 7.1 : Wholesale and retail electricity market.

In theoretical in retail market power plants, wholesale companies, and retail companies
can supply electricity to the end user. However, only two players, power plants and
retail companies, find it commercially reasonable to sell electricity to the end user
according to their current capabilities. We can describes the strengths of the retail

companies are sales organization structure are advanced customer relationship
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management processes while power plants have a generation asset. Incumbent retail
companies have built up a relationship of fidelity with their customers. This
relationship is stronger thanks to the distribution companies in the same market. They
also have large portfolios and customer bases, they can spread the transactional costs
to wider customer bases so as to benefit from economies of scale. Unfortunately,
wholesale companies do not have a relative strong side for the retail electricity

activities. Thus, we will not include it into the game.

In this study, we will divide the target customers group into three sub target segments
according to players marketing and sales planning. In general, players designing their
sales activities according to customers’ profile and divide total customers into these
three sub segments. Because of existing market and regulation conditions, high
consumption customers are the target customer group for these two players. In this
study, our target group is the customers who consume more than 1 Million kWh. In
the near future, it is predicted that the “Last Resort Tariff” limit will be leveled down
to 1 million kwh. The customers consuming 1 million kwWh are generally consist of
corporate customers and so the regulator will not intend to preserve from high
electricity billing. For this reason, this target customer group have to find their own
retail company to avoid high price of regulated electricity tariff. In addition to this,
players not have enough sales force to reach large number of customer group are not

tend to try selling electricity to low consumption customers.

Last year in 2018, the total invoiced consumption was approximately 234 TWh and
the average electricity customer number was 43,7 million. When we separate
according to consumption bands, customer over 1 GWh are nearly 0,05% of total
customer. On the other hand, their consumption are 55% of the total. This imbalance

caused by high average consumption of industrial customers.

Table 7.1 : Target customer subgroups.

Sub Target Consumption Bands Number of % Volume %
Segment Customer (TWh)

© 1 Over 50 GWh 1.004 0,002% 62.46 26,7%
-

qé’ g 2 10 GWh - 50 GWh 1.399 0,003% 33.42 14,3%
© +

= é 3 1 GWh - 10 GWh 17.817 0,041% 32.92 14,1%

0 GWh -1 GWh 43.638.168 100,0% 104.75 44,9%

Total 43.658.388  100% 233.56 100%
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Each players has their own cost structure with respect to its capability. The value
function captures business profitability that consist of revenues and costs of the
players, differentiation between consumption segments, number of customers,
consumption, etc. As mentioned in the above, we will consider different value
functions to reflect three different type power plant and retailer game for the three

consumption segments.

7.2.  The problem of Retail Electricity Market

The main problem of the retail electricity market is that difficulty of provide added
value and get high profit margins in commodity trade, including electricity. Electricity
is a “commodity” and the relationship between suppliers and consumers is a financial
one. Suppliers do not have the power to affect the quality of electricity and competition
is mostly for the price due to the nature of electricity supply. In this regard, the question
of how suppliers could create added value for consumers except for the price makes
sense in terms of strategy.

The first choise to solve this problem is low cost operation. In a retail electricity market
where price competition is dominant, only cost-effective suppliers remain competitive
by simply reflecting their savings in prices and employing a befitting pricing policy.
Cost-effective operations can be conducted via economies of scale. In economies of
scale, bigger companies prove advantageous provided that they reduce their average
costs by spreading the fixed costs to large consumer bases. Also, big companies which
can do low pricing thanks to economies of scale might also take advantage of
economies of scale by stealing the customers of other players in the market.

The second choise targeted marketing. In retail electricity sector, a successful targeted
marketing requires the determination of sub-segments of the market accurately, which
requires the knowledge of detailed demographic and socioeconomic elements as well

as consumer profiles.

There are also possible macro risks. The most possible one is decrease in demand for
electricity and, as a result, in revenues of suppliers due to low rates of economic growth
contrary to expectations. If the demand decreases, most of the thermic power plant will

be inactive due production cost.
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7.3. The Value Function

In this section, we analyze the situation of power plants and electricity retail companies
under the conditions mentioned below, and examine how they can benefit and share

this benefit if they cooperate with each other.

We reflect the relation among the players by a game in value function form (N, v),
where N denotes the set of players — Private Power Plant, Retailer — and the value

functionv: 2¥ —» R gives the payoff, which a subset of players S € N can achieve.
Value Funtion:

PM=[SP - (EC + FiT + IC + MOF + SF + DC + FC + OPEX)] (7.1)

Table 7.2 : Model parameters.

Symbol Interpretation
PM Unit Profit Margin (TL/MWh)
SP Unit Sales Price (TL/MWh)
EC Unit Energy Cost (TL/MWHh)
FiT Unit Feed in Tariff Cost (TL/MWHh)
IC Unit Imbalance Cost (TL/MWh)
MOF Unit Market Operating Fee (TL/MWh)
SF Unit Spread Fund (TL/MWHh)
DC Unit Doubtful Cost (TL/MWh)
FC Unit Finance Cost (TL/MWh)
OPEX Unit Operational Expence (TL/MWh)

7.3.1. Sales price

Sales price to the end customer is generally determined by the discount made on the
ceiling price set by the Energy Market Regulatory Authority (EMRA) during the
contract period. Last year, low consumption end-user sales prices were set aside from
generalization, as the margin between the regulated price and energy costs narrowed.
On the contrary, for the high consumption customer free market sales price lower than
the regulated last resort tariff because of cost reflective tariff mechanism. Because with
the monetary point of view selling to premium customer in upper consumption
segment more important than the others. For this reason, the sales price for high-end
customer are lower than to the others. In this study, we will use the liberal LRT

segment sales prices of the player that they implement in 2018 and 2019 year to date.

32



We will calculate the sales price as (PTF+FiT)*(1+X%). X% will change according to

customer segment that we mentioned above.

7.3.2. Energy cost

Energy cost is the essential difference for the players. There is differentiation in terms
of the cost of electricityPower Plant in Turkey.Power Plant with lower production
costs are more advantageous than to the others. In this study, we will examine three
types of termal power plant - Natural Gas Combined Cycle (NGCC), Domestic Coal
Power Plant, Imported Coal Power Plant. Renewable Power Plants will not be in the

game due to feed-in-tariff mechanism in Turkey.

Power plants with highest production costs are natural gas power plants. At the lower
limit of this cost, there are turbine-type combined cyclePower Plants at the upper limit
and natural gas engine plants at the upper limit. Depending on the fuel type, coalPower
Plants are relatively low-costPower Plants according to to natural gasPower Plant. The
share of 30.95% of licensed electrical installed power is belongs to the natural
gasPower Plant, 10.75% is belongs to imported coal firedPower Plant and 12.28% is

belongs to domestic coal firedPower Plant at the end of December 2018.

In this study, we assume thePower Plants’ enery cost as its marginal cost of generating
a unit of energy. It is equal to sum of unit investment cost, unit variable cost and unit
fixed cost. The first investment cost is the expenditures made for the basic elements
such as machinery-equipment, building and land, in order to make the plant ready for
energy production before starting operation. The finance cost of first investment is also
included to first investment cost. Unit investment cost is the division of the total
investment cost of installation phase to the total generation throughout life of thePower
Plant. The variable operating costs are fuel used in the plant, energy, water, chemicals,
catalysts, gases, lubricants, consumable materials and resources, and costs caused by
waste. In this study, we will assume the unit variable cost is equal to fuel cost of
generation one unit of energy. The fixed operating costs are employees' salaries and
premiums,Power Plant general and administrative expenses, plant support equipment,
planned maintenance. In this study, we will assume unit fixed cost as a different share

of unit variable cost for the each type ofPower Plant.

Since the Retailer does not have any generation asset. They obliged to buy it from day

ahead market or they can make bilateral agreement according to their risk
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management. In this study, their energy sourcing cost is equal to Market Clearing Price
(PTF). In the certain period of the year, average PTF will be lower than the some
thermalPower Plants marginal production cost due to the demand and renewable

generation capacity.

7.3.3. Feed in tariff

Market operators buy energy of renewable power plants in feed-in tariff with a fixed
price. The difference between Market Clearing Price and fixed price is called Feed in

Tariff. In this study, it is same for the two players.

7.3.4. Imbalance cost

If a market participant is short, it has to buy the energy with the maximum of prices
Market Clearing Price (PTF) or System Marginal Price (SMF). If a market participants
is long, it has to sell the energy with the minimum of prices (PTF, SMF). The unit cost
of the portfolio between PTF and buying-selling price is called imbalance cost.
Imblance cost vary depending on demand forecasting performance of the player. In
this study, we will assume that forecastion performance is same but differentiate
according to the customer type. Imbalance cost for high consumption segment also
smaller than to the low consumption bands due to consistent consumption forecasting

capability of the premium customers.

7.3.5. Market operating fee

Costs of the market operator which comes from operating the market and investments
related with market operations. In this study, we assume same for all players.

7.3.6. Spread fund

The cost of the difference between daily system sales prices and system purchase
prices which occurs because of rounding numbers and block offers. In this study we

assume same for all players.

7.3.7. Finance cost

The cost of interest expense on short-term borrowings of the energy procurement.
Players in the market financing their cash need overnight borrowing ratio. Especially

energy procurement form day ahead market cause significant finance cost because of
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daily payments before invoice transaction. Retailers are obliged to finance this
payment. In this study, we will use The Banks Association of Turkey’s overnight

TRLIBOR ratio to calculate finance burden of waiting collection of the bill.

7.3.8. Doubtful cost

The provision for doubtful debts is the estimated amount of bad debt that will arise
from accounts receivable that have been issued but not yet collected. Collection rate
are getting increase if the average consumption getting increase due to institutional
management of the companies. In this study, we will use corporate market average bad

debt ratio of a sample retail and generation company in Turkey.

7.3.9. Operation expense

Operating expenses are the costs for a company to run its business operations. The
operational expenses for the one specific premium customer is more than to the non-
premium one. To calculate unit operation expense cost we will divide average

operation expense for one customer to its yearly consumption.

We will use actualized monthly cost parameter of the leading examples of the players
in Turkey in 2018 to calculate the value functions. Our players are three type of private
power plants and retailer. In each game, we will match one type of power plant to the
retailer. In this study, we assume the group of generation and retail companies as one

sample player for the ease of calculations.

7.4.  Solving The Games

A two-person bargain problem consists of a feasibility set and a disagreement point.
In our study, feasibility set includes all possible payoffs of the coalition of two the
players and disagreement point is the singleton payoff of the players if negotiations

break down.

We first define disagreement point t and find the utopian point Pmax that is equal to
maximum level of profit that the Power Plant and Retailer cooperative can create. Then
we determine the feasible set P that includes the points resulting from all different

combinations of the coalition of Power Plant and Retailer.
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Table 7.3 : Players options.

Type Option A Option B
Power Plant Prmax (PP) t (PP)
Retailer t (R) Pmax (R)

They can also mix these options in arbitrary fractions. E.g, they can choose option a
for Option A fraction X of the time, Option B for fraction Y, such that: X + Y = 1.
Hence, the set P of feasible agreements is the convex hull of A(Pmax(PP), t (R)) and
B(t (PP), Pmax (R)).

For both Nash, Kalai Smorodinsky solutions, we have to normalize the agents' utilities
by subtracting the disagreement values, since we are only interested in the gains that

the players can receive above this disagreement point.

Table 7.4 : Players normalized options.

Type Option A Option B
Power Plant Prmax (PP) - t (PP) 0
Retailer 0 Pmax (R) -t (R)

The Nash bargaining solution maximizes the product of normalized utilities:
Max ([Pmax (PP) - t (PP)]*X)*([ Pmax (R) - t (R)]*Y) (7.2)

The Kalai-Smorodinsky bargaining solution equalizes the relative gains - the gain of

each player relative to its maximum possible gain - and maximizes this equal value:

Max ([Pmax (PP) - t (PP)]*X) / [Pmax (PP) - t (PP)] = ([Pmax (R) - t (R)]*Y)/
[Pmax(R) - t (R)] (7.3)

In the following, we simply connect t and Pmax with a straight line, and compute the
equation of the straight line. Having calculated the bargaining set, which consists of
the union of all Pareto—optimal points, we approximate the curve. Thus, having a
system of two equations (these of the straight line and curve), we solve this system and
obtain the KSBS f (P, t) as the intersection point. See for example Figure xx

A weighted Shapley value splits the synergy payoff in proportional to the exogenously
or endogenously given weights of its members. In this study, the weights are

endogenous; the singleton worths of the players.
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w (PP)=t (PP) /[t (PP) + t (R)] (7.4)
wR)=t(R)/[t (PP)+t (R)] (7.5)

The figures below shows the unit in TL/MWh profitability The green point represents
the Nash and Kalai Smorodinsky Solution. The red point represents weighted Shapley
solution. The pink line is the set P of feasible agreements. The bottom left point is
disagreement point ¢t. The up right point represent Pmax Of the players. The dashed blue
line connent the disagreement point t with Pmax Of the players. Details are given in

appendix.

Firsly we will examine the the game between Domestic Coal Power Plant and Retailer.

Target 1 - Domestic Coal PP vs Retailer
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Figure 7.2 : Target group 1 - domestic coal power plant and retailer solution.

The disaggrement points are 33.10 TL/MWh for the power plant and 4.28 TL/MWh
for the retailer. The best points are 34.04 TL/MWh for the power plant and 5.22
TL/MWh for the retailer. Nash and Kalai-Smorodinsky Solution distribute the total
unit payoff of 38.32 TL/MWh with the share of 87.6% to power plant and 12.4% to
retailer. Weighting the total payoff according to players singleton value distribute the

total payoff share 88.6% to power plant and 11.4% to retailer.
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Target 2 - Domestic Coal PP vs Retailer
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Figure 7.3 : Target group 2 - domestic coal power plant and retailer solution.

The disaggrement points are 28.53 TL/MWh for the power plant and 4.98 TL/MWh
for the retailer. The best points are 33.83 TL/MWh for the power plant and 10.28
TL/MWh for the retailer. Nash and Kalai-Smorodinsky Solution distribute the total
unit payoff of 38.81 TL/MWh with the share of 80.3% to power plant and 19.7% to
retailer. Weighting the total payoff according to players singleton value distribute the

total payoff share 85.1% to power plant and 14.9% to retailer.

Target 3 - Domestic Coal PP vs Retailer
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Figure 7.4 : Target group 3 - domestic coal power plant and retailer solution.

The disaggrement points are 18.65 TL/MWh for the power plant and 7.95 TL/MWh
for the retailer. The best points are 33.29 TL/MWh for the power plant and 22.59
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TL/MWh for the retailer. Nash and Kalai-Smorodinsky Solution distribute the total
unit payoff of 41.24 TL/MWh with the share of 63.0% to power plant and 37.0% to
retailer. Weighting the total payoff according to players singleton value distribute the

total payoff share 70.1% to power plant and 29.9% to retailer.

Secondly we will examine the the game between Imported Coal Power Plant and

Retailer.

Target 1 - Imported Coal PP vs Retailer
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Figure 7.5 : Target group 1 - imported coal power plant and retailer solution.

The disaggrement points are 27.64 TL/MWh for the power plant and 4,28 TL/MWh
for the retailer. The best points are 29.82 TL/MWh for the power plant and 6.45
TL/MWh for the retailer. Nash and Kalai-Smorodinsky Solution distribute the total
unit payoff of 34.09 TL/MWh with the share of 84.3% to power plant and 15.7% to
retailer. Weighting the total payoff according to players singleton value distribute the
total payoff share 86.6% to power plant and 13.4% to retailer.
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Target 2 - Imported Coal PP vs Retailer
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Figure 7.6 : Target group 2 - imported coal power plant and retailer solution.

The disaggrement points are 23.06 TL/MWh for the power plant and 4,98 TL/MWh
for the retailer. The best points are 29.59 TL/MWh for the power plant and 11.50
TL/MWh for the retailer. Nash and Kalai-Smorodinsky Solution distribute the total
unit payoff of 34.57 TL/MWh with the share of 76.2% to power plant and 23.8% to
retailer. Weighting the total payoff according to players singleton value distribute the

total payoff share 82.2% to power plant and 17.8% to retailer.

Target 3 - Imported Coal PP vs Retailer
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Figure 7.7 : Target group 3 - imported coal power plant and retailer solution.

The disaggrement points are 13.17 TL/MWh for the power plant and 7.95 TL/MWh
for the retailer. The best points are 29.00 TL/MWh for the power plant and 23.79
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TL/MWh for the retailer. Nash and Kalai-Smorodinsky Solution distribute the total
unit payoff of 36.95 TL/MWh with the share of 57.1% to power plant and 42.9% to
retailer. Weighting the total payoff according to players singleton value distribute the
total payoff share 62.3% to power plant and 37.7% to retailer.

Thirdly we will examine the the game between Natural Gas Combined CyclePower

Plant and Retailer.

Target 1 - NG Combined Cycle PP vs Retailer
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Figure 7.8 : Target group 1 — NGCC power plant and retailer solution.

The disaggrement points are 8.47 TL/MWh for the power plant and 4.28 TL/MWh for
the retailer. The best points are 16.31 TL/MWh for the power plant and 12.11
TL/MWh for the retailer. Nash and Kalai-Smorodinsky Solution distribute the total
unit payoff of 20.58 TL/MWh with the share of 60.2% to power plant and 39.8% to
retailer. Weighting the total payoff according to players singleton value distribute the
total payoff share 66.4% to power plant and 33.6% to retailer.
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Target 2 - NG Combined Cycle PP vs Retailer
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Figure 7.9 : Target group 2 — NGCC power plant and retailer solution.

The disaggrement points are 3.87 TL/MWh for the power plant and 4.98 TL/MWHh for
the retailer. The best points are 16.11 TL/MWh for the power plant and 17.21
TL/MWh for the retailer. Nash and Kalai-Smorodinsky Solution distribute the total
unit payoff of 22.08 TL/MWh with the share of 47.4% to power plant and 52.6% to
retailer. Weighting the total payoff according to players singleton value distribute the

total payoff share 43.7% to power plant and 56.3% to retailer.

Target 3 - NG Combined Cycle PP vs Retailer
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Figure 7.10 : Target group 3 — NGCC power plant and retailer solution.
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The singleton value of the Natural Gas Cycle Power Plant is negative for the third
target customer group. For this reason, there will be unreasonable to cooperate with

power plant for the retailer.

Nash and Kalai-Smorodinsky gives the same solution for all games. Thus the utopian
point Pmax, the disagreement point t are the diagonal point of a square. However, the

weighted Shapley differentiated from these two solution with a different point of view.

As a result of all nine games, three different subsegment and three different power
plant, we can easily say that retailers are generally have less singleton profitability
according to the power plants. Furthermore, the retailers profitability is increasing
when we go down to the bottom consumption subsegment. Nash and Kalai-
Smorodinsky gives more payoff to the retailers according to the weighted Shapley.
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8. CONCLUSIONS AND RECOMMENDATIONS

In this thesis, we analyzed how to increase the profitability of the electricity service
delivered to the end user by using cooperative game theory and how to share the extra

profit arising from the cooperation between the players.

Firt of all, we made some research on the the concepts of cooperation game theory and
well-known applications - Nash bargaining solution, Kalai Smorodinsky bargaining
solution and weighted Shapley solution. After then, we have analyzed the development
of Turkish Retail Electricty Market. Thus EMRA's electricity market tariff regime for
the high consumption costomer started a mandatory liberalization process, it is the
essential part of retail electricity development. Then we have identified the problem of
the retail electricity market as a commaodity business. For solution of this problem, we
sugget the cost efficient way of coaliation of the player in which both players do what
they do best. We consider different value functions to reflect three different type power
plant and retailer game for the three consumption segments. We see extra profit to be
shared between the players. To analyse a sub-coalition between retailer and power
plant of electricity market based on retail part, we apply three well-known solution
concepts; two-person Nash bargaining solution, Kalai Smorodinsky bargaining
solution and weighted Shapley solution respectively. While Nash and Kalai-
Smorodinsky share the extra payoff by the same portion, the weighted Shapley
allocates the surplus nonsymmetricly among two players upon their contribution for
the coalition. These two different approaches —symmetric or nonsymmetric— can be
the way of cooperation for two different point of views. If we think that the player
cannot bring extra profitability alone without other, we should share it equally.
However, the size of singleton value is also important. Regardless of the method of

sharing, both players will earn more money compared to their initial profitability.

8.1.  Practical Application of This Study

In terms of functionality, retail sale of electricity is a financial activity. Electricity is

commodity and supplier and customer deals on a financial agreement. The quality of
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the power is same in wires that reach to the customer meters. Suppliers have no chance
to improve the quality of the power. Thus, low cost operation and targeted maekting
is the only way to improve the market share and the profitability. Cost effective energy
sale organisations competitive by as they reflect the saving from cost to price. Cost
effective operations in retail electricity market can be managed and succeed by
cooperation of the players complementing each other.

In this study, the retailers are step forward by their effective low cost sales operation
and customer relationship management. On the other side, the power plants have the
strength power cost management. The supplementary features of the players generate
extra surplus. In theoretically, bargaining solutions divide the payoffs. We have to
keep in mind that, the process of coalition will not be easy for the players. To sustain
the cooperation, principle of transparency should be the main shared value for the

players.

The applications of the cooperative game theory models in the retail electricity market
will provide solutions to the companies subject to regulated tariff regime and market
risk as well as the thermal power plants that will have difficulty in the market with the
new establishment of renewable power plants and nuclear power plants. While the
extra profitability that will arise from the cooperation will benefit these two players in
the short term, it will be transferred to the final consumer by increasing the number of

bilateral cooperation in the medium-long term.

The decrease in demand for electricity is the most possible macro risk for both the
retailers and power plants. Especially, it the threat for the most of the thermic power
plant, which will inactive due production cost. If we consider this threat, coalition is
the only way for the survival of power plants. In Turkey, most of the power plants are
under the credit burden. Therefore, the uninterrupted and profitable production is

essential for the power plants future financials.

In later studies, the effect of the benefits arising from bilateral cooperation on the end
consumer prices can be examined. This study can also be enriched by including

electricity wholesalers and natural gas and coal suppliers.
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APPENDICES

APPENDIX A:

Table A.1 : Details of graphes in Section 7.

1. Target Customer 2. Target Customer 3. Target Customer
Group Group Group
(Over 50 GWh) (10 GWh - 50 GWh) (1 GWh - 10 GWh)
Payoff (TL/MWh) Payoff (TL/MWh) Payoff (TL/MWh)
Domestic Domestic Domestic
Coal Power  Retailer  Coal Power Retailer  Coal Power  Retailer
Plant Plant Plant
Disagreement Payoffs 33,10 4,28 28,53 4,98 18,65 7,95
Best Payoffs 34,04 5,22 33,83 10,28 33,29 22,59
Nash Bargaining Solution 33,57 4,75 31,18 7,63 25,97 15,27
Kalai-Smorodinsky 33,57 475 31,18 7,63 25,97 15,27
Solution
Weighted Shapley Solution 33,94 4,39 33,04 5,77 28,91 12,33
1. Target Customer 2. Target Customer 3. Target Customer
Group Group Group
(Over 50 GWh) (10 GWh - 50 GWh) (1 GWh - 10 GWh)
Payoff (TL/MWh) Payoff (TL/MWh) Payoff (TL/MWh)
Imported Imported Imported
Coal Power  Retailer  Coal Power  Retailer  Coal Power  Retailer
Plant Plant Plant
Disagreement Payoffs 27,64 4,28 23,06 4,98 13,17 7,95
Best Payoffs 29,82 6,45 29,59 11,50 29,00 23,79
Nash Bargaining Solution 28,73 5,36 26,33 8,24 21,08 15,87
Kalai-Smorodinsky 28,73 5,36 26,33 8,24 21,08 15,87
Solution
Weighted Shapley 29,52 457 28,43 6,14 23,04 13,91
Solution
1. Target Customer 2. Target Customer 3. Target Customer
Group Group Group
(Over 50 GWh) (10 GWh - 50 GWh) (1 GWh - 10 GWh)
Payoff (TL/MWh) Payoff (TL/MWh) Payoff (TL/MWh)
Natural Gas Natural Gas Natural Gas
Combined Retailer Combined Retailer Combined Retailer
Cycle Cycle Cycle
Disagreement Payoffs 8,47 4,28 3,87 4,98 -6,10 7,95
Best Payoffs 16,31 12,11 16,11 17,21 15,58 29,63
Nash Bargaining Solution 12,39 8,20 9,99 11,10 4,74 18,79
Kalai-Smorodinsky 12,39 8,20 9,99 11,10 4,74 18,79
Solution
Weighted Shapley 13,68 6,91 9,22 11,86 77,49 101,02
Solution
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