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Bidding for electricity supply, as adopted by the UK electric power 
system, is one of the best ways to introduce cornpetition among electricity 
suppliers. This thesis research concentrates rnainly on the study of the 
niles governing the operation of the England and Wales Power Pool, with 
the objective to explain and justify these d e s  through ngorous theoretical 
analysis, and to provide a deeper understanding of the pool operation. in 
order to provide a broader picture beyond the pool operation, an extensive 
review of the electricity industry in England and Wales as a whole is also 
presented. 

in the theoretical aspects of the thesis, several tools are used, namely, 
the Switching Curve Law derived from the solution of the Unit 
Cornmitment problem through the Lagrangian Relaxation approach, as 
well as the game theory and Bayesian analysis. 

La méthode de l'appel d ' o h  pour l'approvisiomernent en électricité 
telle qu'adoptée par le système électrique britannique, est l'une des 
meilleures façons d'introduire la compétition parmi les fournisseurs 
d'électricité. Cette recherche se concentre principalement sur les règles 
gouvernant l'exploitation du England and Wales Power Pool, avec pour 
objectif d'expliquer et de justifier ces règles à travers une analyse 
théorique rigoureuse, ainsi que de foumir une compréhension de 
l'exploitation d'un "pool". Afin d'élargir cette vue au-delà de 
l'exploitation du pool, une revue approfondie de 1' industrie électrique en 
Angleterre et au Pays de Gailes est présentée. 

En ce qui concerne les aspects théoriques de cette these, plusieurs 
outils sont utilisés, tels que "the Switching C w e  Law" dérivé de la 
solution du problème d'engagement des groupes basée sur la méthode de 
relaxation de Lagrange, la théorie des jeux et l'analyse Bayésienne. 
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Chapter 1 Introduction 

1.1 Background 

Since the late 1980's, following the success of deregdation in the 

telecomrnunication, airline, gas, and other industries, the electricity industry in 

several nations has also undergone a similar process. Among these nations, the 

United Kingdom (UK) is the most prominent pioneer whose experience offers 

valuable lessons for others. in particular, Australia has emulated the socalled UK 

model in their electricity industry reforrn [I  - 1 1, while other regions have proposed 

to follow the UK experience as a policy guideline in their efforts for electncity 

industry refonn. 

The UK electricity industry reform was canied out in three stages, England and 

Wales first, followed by Scotland and, hally, Northem ireland [l-21. Therefore, 

diough often known as the UK model, the major experience and lessons corne fiom 

England and Wales. 

The elecaicity industry reform which started on March 1, 1 989 in England and 

Wales features radical changes in ownership, structure as well as regdation. First, 

the vertically integrated, nationalized power industry was divided into four distinct 

businesses, namely, generation, transmission, distribution, as well as supply. Then, 

with the exception of nuclear generation utilities, the electrïcity companies in 

England and Wales were largely pnvatized. A power pool, called the England and 

Wales Power Pool (EWPP), was established to accommodate cornpetition in 

generation. Finally, several regdatory policies were setup to conforrn to the new 

environment. As of the writing of this thesis, the England and Wdes electricity 

industry reform is not yet a decade old, however, some vaiuable experiences and 

1 
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lessons, both in engineering and economics, can be extracted from its performance, 

which are helpful for those countries or regions which are undergoing or have 

proposed electricity industry reform. 

This thesis research concentrates mainly on the study of the rules goveming the 

operation of the England and Wales Power Pool, with the objective to explain and 

justifi the power pool d e s  though rigorous theoretical analysis, and to provide a 

deeper understanding of the pool operation. In order to provide a broader picture 

beyond the pool operation, an extensive review of the electricity indu- in Engimd 

and Wales as a whole is also presented. 

The rest of this innoduction to the thesis is organized as follows. In section 1.2, 

various issues regarding power industry refom are addressed, such as its necessity, 

its possibility, its difficulties, as well as guidelines for implementïng such reforms. 

ïhen, in section 1.3, two opposing models for competition in generation, poolco and 

bilateral contract models, are introduced and discussed. la section 1.4, some of the 

main international elecûicity industry reforrn expenences are addressed. Finally, in 

section 1.5, the organization of the curent thesis is presented. 

1.2 Electricity Industry Reform 

Historicaily, the power industry has k e n  operated as a monopoly. Electricity 

utilities have a statutory responsibility for providing electrical energy, while 

customers are protected tiom monopoly power by government price regulation. 

Atthough the electricity industry can be divided physically into generation, 

transmission, and distribution, it is economically integrated. Thus, customers receive 

ody  one bill for the electricity provision without splitting it among the above- 

mentioned components. 
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Since the last decade, based on the idea that competition is more effective than 

regulation in promoting efficiency [1-11, the electricity industry in a number of 

countries has undergone an important reform, a decision which has drawn great 

attention internationally, and also Uiitiating a global trend. The nature of this reform 

is described in the following sections. 

1.2.1 What is E l e c t r i c i ~ t r v  Reform , . . 9 

Electricity industry reform is primarily motivated by the desire to irnprove its 

hancial performance [l-31 through the introduction of competition. AIthough often 

referred to as dereguiation, electricity industry reform signifies more than 

deregulation, generally comprising utiiity ownership changes (privatization and 

divestiture), organizational changes (restructuring), as well as government regdatory 

changes (de regulation). However, since the term " deregulation" has already k e n  

commonly accepted to indicate the above-mentioned three elements of reform, in 

this thesis, the terms "electricity industry reforrn" and "electricity industry 

deregulation" are interchangeable. 

Nonetheless, deregulation means different things to different people. For 

utilities, deregulation means more competition and less regulation while, for 

governments, dereguiation means diminishing control over the electricity industry. 

For customen, dereylation means that they have a choice to buy electricity fiom 

different suppliers and the potential of price reduction and service standard 

improvement. 

At the end of the nineteenth century, electricity systems were mostly privately 



owned, but with t h e ,  they were nationalized and regulated [l-51 for reasons such 

as economies-of-scale, war and econornic depression. Under this structure, the 

govemrnent obliges the electricity utilities to meet their customers' demands [1-41. 

To fulfill this responsibility, utilities were required to make the necessary capital 

investment to meet increasing loads, to build and operate generating stations, to 

construct and maintain transmission and distribution networks, as well as to install 

and read metres f 1 -7l. This monopoly system worked well in terms of reliability, but 

experience has shown that it is vùtually impossible to improve its economic 

efficiency without reform 11-31. Although unanimity has not been reached yet, and 

not al1 of the mechanisms and implications behind the electncity reform are hlly 

understood, many people bclieve that deregulation will bring benefits to the entire 

industry, including the end-users [ 1 -1 41. 

Customers also welcome deregulation since under a regulated environment they 

have no choice over theü suppliers. A poll in the US in April 1997 showed that 

about 73% of the public wanted Congress to support deregulation of the electricity 

industry [l-61. in addition, with deregulation, it is aiso likely that customers will 

have more service options such as "green power [l-61" and a tradeoff between 

reliability and price 11-81. 

Until the last decade, in ahnost al1 nations, the electricity industry was operated 

as a monopoly with governrnent regdation. This was due to two fbdamental 

beliefs. The first is that electricity industry is a "natural monopoly" [l-91, which 

means that a single utility can provide electncity at a lower rate than a nurnber of 
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producen' [ 1 - 10, 1 - 151. Another belief, which is particularly influentid in Europe, 

is that the problems in the electricity industry are pure technical problerns which can 

be solved solely by engineers. Whether the electricity indusûy reform is possible 

depends on whether these two beliefs can be refüted. 

Since the last decade, both of the above-mentioned beliefs have been challenged 

profoundly because of technology improvements and the desire for higher financial 

efficiency [I-1 1 1. Today, the eieciricity indusûy in many nations is no longer 

deerned as a naturai monopoly since electricity generation and supply are potentially 

cornpetitive industries, even though transmission and distribution systems are still 

natural monopolies (1 - 10 1. The concept that producing and delivering electricity are 

purely engineering rnatters aiso does not hold any longer since measures of 

economic and technical efficiencies are fundamentally different [l-81. 

Natural Mono- is Over 

In the past 20 years, technology developments have undermined the concept that 

the electricity industry is a natural monopoly 11-81, and therefore, have shaken the 

foundation of the old industry structure. Technotogy improvements in material 

science and in the space program has led to much more efficient turbines, moreover, 

John C. Moorhouse descnbes natural monopolies in [l-91: "Economies of scale and scope, 
and the economies associated with vertical integration mean that unit costs decline 
throughout the relevant range of production as output increases. Such economies preclude 
competition, according to the conventional view, because a single firm could supply the 
entire service area at lower cost than could two or more firms. Given its cost structure, an 
established utility could undercut its rivals and drive them fiom the market. Moreover, 
attempted enüy represents a waste of resources either because of an unnecessary dupiication 
of facilities or because such investment would not be viable in the face of undercutting. 
Secure fkom competition, the monopolist would exploit the consumer if not for regulation 
or state ownership." 



the drop in gas prices makes gas a favorite fuel to generate electricity in many 

countries [l-111. Thus, cumntly generation plants using combined cycle gas 

turbines are efficient in much srnaller sizes than in the past. For example, the typical 

investment cost for gas units in 1996 ranges from $500 to $800 per KW, compared 

to around $3,000 per KW for nuclear stations [l - 151. 

Even before the concept of deregulation was introduced, the emergence since 

the 1970's of Independent Power Producers (IPPs) had already challenged the 

mono po 1 y ownership in generation utilities. Elliot Roseman and Ani1 Malbort 

described as follows the existence of IPPs 11- 161: " They plant the seeds for the top- 

to-bottom change in the structure of governrnent-owned utilities - seeds that ar e 

hard to stop fiom growing once they take root." 

Globaily, outside of Canada and the US, by 1996 there existed more than 

600,000 MW of IPPs capacity, either on line or planned [ l-  161. in the US alone, in 

1996 there was about 60,000 MW of IPPs capacity, accounting for 7% of the total 

[l- 161. Most of these IPPs own small-size generation plants of the order of 200 M W .  

Moreover, in terms of system reliability, relying on many small-sized plants is 

more reliable than a few large-scale plants 1 1 -81. Constnicthg small-sized plants 

near loads also potentiaiiy reduces aanrmission congestion, and possibly reduces the 

need for new transmission lines 11-91. 

Traditionally, the operation of the electricity industry was considered as a pure 

engineering problem rather than a business management problem since in a 

vertically integrated monopoly, the reliability is the vital criterion of judging the 
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industry performance. Consequently, it was believed that the public would be best 

served by a staff of engineers [l-81. 

However, the above-mentioned belief was challenged by the increasing concern 

for financial efficiency. It was discovered that the technical and econornic 

eficiencies can diverge prominently [l-81, and that the desire for cheaper electricity 

and better financial efficiency cannot be reached solely by the efforts of engineers. 

Summarizing the above discussions, it cab be conclude that the era of the 

traditional vertically integrated monopoly in the electricity industry is over, and 

competition in generation becomes possible. Furthemore, competition in generation 

will inevitably induce competition in electricity supply to retail end-customers, thus 

offering customer choice over the supplies. In conclusion, the time is ripe for 

electricity industry reform. 

1.2.4 Whv Elect-try Re- . . . .  9 

In many countries, the electricity indu* has been the last major regulated 

monopoly to undergo reform [l-171. This trend can be attributed to the facts that 

compared with other industries, the electricity industry is more difficult to deregdate 

for the reasons that follows. As was discussed in section 1.2.1, the major objective 

of electricity indusûy reform is to improve financial eficiency. This objective, 

however, should not be achieved at the expense of reliabiiity, the maintenance of 

which is already an inûicate task, becoming even more complex under a deregulated 

environment. 

The complexity of maintaining power system reliability under a deregulated 
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environment is due to the difficulty of satisfying physical constraints, particularly, 

simultaneous generation and consumption balance and the transmission network 

constraints. Besides physical constraints, financial problem of the stranded cost 

recovery, additiondly complicates electricity industry reform. 

Since electncity essentially cannot be storedz, real-tirne control is required to 

match instantaneously the total generation and consumption. To accomplish this 

under the deregulated environmenf new information technology tools will be needed 

beyond what is available today to handle the expected extensive financial activities 

(e.g. bilateral transactions) that will affect the power balance. 

The physical laws which govem the transmission of electricity also iead to 

difficulties in the implementation of the industry refonn. Electricity flows according 

to Kirchhoff s laws through the transmission network which can be considered to be 

a 1 imited resource. There fore, depending on the transmission-usage rate structure, 

the value of the electricity transferred fiom a specific generator to a specific 

customer depends not only on the generation cost, but aiso on the location of the 

generator and load. An additional difficulty anses under some rate structures or 

neîwork congestion since the transmission charge for a given transaction may then 

be closely intertwined with al1 the other transactions. Therefore, how to price 

transmission seMces and hc*.~ to manage the multiple financiai activities which can 

potentially overload the network need careful study. 

'~lectricity can be stored by pumped storage facilities, but it is very expensive. 

8 



Under a regulated monopoly environment, based on the principle of economy 

of scale, electricity utilities built large generatîng plants and fully expected to 

recover al1 their capital investment from their stable captive customer base. Today, 

under a deregulated environment, these previously captive customen are fke to shop 

around for the best possible contract. This fundamental change wx!d leave many 

former monopolistic utiiities and their shareholders with significant debts known as 

stranded costs 11- 191. 

Stranded costs can be also defined as investments or assets owned by former 

regulated electric utilities that are likely to become uncornpetitive under a 

deregulated environment 11-201. Generally, stranded costs include investment in 

generators, transmission and distribution networks, as weil as long-term contracts 

for füel and electricity 11-211. There is no doubt that stranded costs will place some 

utilities at a disadvantage, and therefore, shouid be recovered in order to create a fair 

cornpetitive market. However, no unanimity on how to recover the stranded costs 

has been reached yet, and this subject is still under cornprehensive discussion (1 - 1, 

1-19, 1-20, 1-21, 1-22]. 

. . 
1.2.5 How to Reform thectri-~ndus-.? 

The implementation of elecnicity industry re fonn is glo bally polymorphic, 

reflecting the diverse nature of the world. Such diversity can be seen in several 

elements, namely, govemmental structure (federal or unïtary), dernographic, 

geographic, economic, as well as political environrnents. Although the 

abovementioned elements differ strongly fiom region to region, many common 

features still exist. 
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= The E l e c t n f i h r  Wmid be S-t Bushssses 
. . . . 

Electricity generation and supply (retail) are potentially competitive industries, 

however, transmission and distribution are naturai monopolies [ 1 - 1 O]. Therefore, to 

enable cornpetition, it is necessary to separate the competitive parts fiom the 

regulated monopolies, and to split electricity industry into several businesses, 

typically generation, transmission, distribution and supply, which are defined as 

follows. 

Generation is the process by which fiels or renewable resources are converteci 

into electric power; transmission is the process by which electncity is transferred in 

buk fiom generators to suppiiers; distribution is the process of d e l i v e ~ g  electricity 

fiom supplies to customers f 1-1 81, and supply is the process of trading electricity 

with final customers. Figures 1.1 and 1.2 show examples of the old vertically 

integrated structure and a hypothetical mode1 of the deregulated structure. 

i , 
i Distribution i 

1 Franchised Customers / 



Transmission Transmission 
Company 

Distribution 
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Companies 

S U P P ~ Y  Supplier / 1 Supplier ! . . . . . . . Supplier ~ 
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!user / ,User i User 1 'User i - 

= Divesmre md Priva- 

To introduce competition, it is necessary and essential to break the monopoly 

into several companies, each of which is small enough so that it does not have 

no table market power. Depending on the extent of competition, either generation 

sector or both generation and supply sectors should be divided into a nurnber of 

companies. Competition c m  be held between private companies, between several 

state-owned companies, as well as between private and public companies. Therefore, 

privatization is just an optional choice for the implementation of power industry 

reform. Experience also suggests that efficiency depends more on the form of 

electricity industry structure than on the fom of ownership [l-11. However, it is m e  

that private companies are more efficient than public entities to the extent that the 

former is more Iikely to resist political interferences [l-221. 
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Sally Hunt defined four basic rnodels of the new structure for the electricity 

uidumy according to the degree of competition [l- 1 11, which are shown in table 1.1. 

Model one presents a traditional monopoly structure, while modei two presents 

a structure with a single buyer which chooses among a number of generators. Model 

three allows wholesale competition in which there are more than one suppliers and 

al1 suppliers have choices over generators, while model four additionally allows 

retail competition in which d l  customers can choose suppliers, broadly speaking, 

either fiom suppiiers or directly fiom generators. ModeIs three and four are 

cornmonly adopted globaiiy, and model thtee is the hypothetical model for England 

and Wales reformed power system, while model four is the hypothetical model 

similar to the proposed California model [l - 1 1 1. 

One essential elernent of the reformed electricity industry is a market fhmework 

which is established to accommodate competition. Two commonly adopted 

fiameworks are wholesale and retail markets, which conesponds to models three and 

- 

Table 1.1 Four B& Modcb for EIsctrla@ Indiutrg Structura- 

De finition 

1s generation competitive? 

Do suppiiers have choice? 

Do customers have 

choice? 

Mono 

poly 

No 

No 

No 

Retail 

Competition 

Yes 

Yes 

Yes 

- 

Purchase 

Agency 

Yes 

No 

No 

Wholesale 

Competition 

Yes 

Yes 

No 



four in table 1.1. The retail market is also known as supply market, and these two 

ternis are used interchangeably in this thesis. 

in the wholesaie market, electricity distribution suppliers (retailer) are fiee to 

choose generation companies or buy fiom a centralized power pool. therefore, 

generation companies must decrease price in order to be competitive. Cornpared 

with the traditional vertically integrated structure, there is no big difference for 

customers although prices may be lower. 

On the other hand, in the retail market customers are fiee to choose retail 

suppliers or even to directly choose generation suppliers. The pressure of not loosing 

customers forces both generation and distribution supply companies to provide 

competitive pnces and more service options. The retail market is also known as 

direct access 11-25], 

The wholesale market can stand alone while a retail market must be 

irnplemented dong with a wholesale market. Without retail competition, customers 

are not able to express their willingness to pay various pnces at various quantities 

of electricity services, therefore, customers may not get enough benefits fiom the 

deregulation, and electricity seMces options may be limited [I -351. 

in many nations, such as the UK and Argentins, the wholesale market has been 

successfully established, and the retail market has been partially implemented. 

Experience aiso shows that besides building a retail market, providing economic 

incentive regulation over the eleceicirj business c m  also bring benefits to customen 

11-35]. 

In the wholesale market, system reliability requires coordination between 

generation and transmission, and the coordination inevitably bnngs conflicts of 

interests between di fferent market participants. Therefore, the establishment of an 



independent system operator (ISO) becomes necessary and essential for the 

who lesale market operation [ 1 -3 51. 

In a wholesale market, for the purpose of f o s t e ~ g  competition, tmnsmission 

open access is required so that al1 participants in the wholesale market can equally 

access to transmission service as long as capacity is available (1-51. In retail 

competition, open access of distribution services should also be required. 

The generation utiiities rely on transmission networks to delivery electricity to 

custorners, and therefore, the decisions regarding transmission pricing, dispatch 

rules, as well as new investment in the transmission network can affect the value of 

generation [ 1 - 191, that is, specifïc settlement regarding the transmission planning 

and operation can place individuai or a group of generators at an advantage or a 

disadvantage over other generators and customers. For example, when the 

transmission network is overloaded, which generator should be nimed off, and how 

to compensate for this generator will greatly affect the values of those generators 

which locate in weakly-connected areas. In addition, due to the property of 

transmission networks, many techniques for manipuiating transmission and sy stem 

operation to affect the value of generation are cornplex, elusive, and hard to detect 

and manage through regdatory oversight. 

For the above reasons, the implements of the generation competition in many 

nations have completely separated the ownership of generation £tom the ownership 

or control of transmission networks 11-81. Such separation provides an easy, 

transparent and practicai solution. 
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As it was mentioned earlier, electricity generation and supply are potentially 

competitive industries, while transmission and distribution systems remain natural 

monopolies [l-101. Therefore, financial regulation is still required over the 

transmission and distribution businesses. Even in the competitive market, regulation 

is necessary if some players have notable market power to manipulate the market 

price, or if the electricity generation capacity is less than the demand. 

in addition to the traditional rate-of-retum regulation, price-caps regulation was 

introduced by the UK electricity deregdation. Compared with the traditionai rate-of- 

return regulation, price-cap regulation additional provides an econornic incentive 

for monopolies to improve their financial efficiency [l-1 1. 

1.3 Two General Models for Cornpetition 

Generally, there are two opposing models to implement competition in the 

electricity industxy, namely, bilateral contracts, and poolco models [ 1 - 1 7, 1 -261, and 

bilaterai contract model can be applied to both wholesale and the retail competition 

while the poolco model is mainiy applied to wholesale competition. 

i Poolco Modd 

In the poolco model, al1 competitive market participants combine to f o m  a 

"super-utility" in the f o m  of a power pool [l- 17 ,  and a sealed-bid multiple-wuuier 

auction system is used. Electncity sellers, or both sellers and buyers are required to 

subrnit bids on price and quantity to the pool, and the Pool System Operator (PSP) 

determines which bids are accepted as well as the pool pnce. in the poolco model 

the PSP has certain responsibilities such as ensuring power balance, maintaining 
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reliability, as well as coordinating transmission access and services [l-171. The 

prominent feature of the poolco mode1 is its centralism. Figure 1.3 shows a 

hypothetical poolco model. 

Generally there are two types of bids, seller and buyer bids. Buyer bids are also 

known as demand-side bids which refer to the maximum pnce at which the buyer 

wishes to purchase a specified amount of power, while seller bids generally include 

energy, no-Ioad, staa-up and reserve bids3. 

Two merit-order lists can be fonned according to the bids, one for sellers and 

another for buyers. if the demand-side bids are not implemented, the merit-order Iist 

for buyeis can be deemed as a vertical line corresponding to the forecasted demand. 

Generally the merit-order Iist curve for sellers is an upward curve since the higher 

the price, the more the generators wish to generate, while the curve for buyers is a 

downward curve. These two curves converge at a certain point on which the 

generation schedule cm be determined and the market cIearing price (MCP) can be 

based. Figure 1.4 shows the above described process. 

Energy bid refers to the expected incremental price corresponding to the output 
level; no-load and start-up bids refer to the expected price associated with the fixed 
generation cost independent of output level and the start-up cost; reserve bid refers 
to the expected payment for keeping the generator in reserve [1-261. 



Ch. 1. woduction 

Cornpetitive Power Pool 

TASKS Buycr 1 

scheduic according 1 (1 7;;;; * IO bids (B ids) 

Determine market O 

clearing price O 
m 

Seller M 
4 

--w i Maintain system ( Buyer N 
reliabiiity (B ids) 

II M sellers and N buyers 

Merit-order List 
Curve for Sellers 

I I  

MCP 1 L- 
i i 

I ; Merit-order 
f 
I 

List Curve 
for Buyers 

! 

l 
System Output ' 

Total System Dtmand 

II Pimrt t.4 How PooIco Wotb 



Ch. 1 .moductiog 

In  a bilateral contract model trade is independently arranged among seuers, 

buyers. and possibly brokers. This rnodel, which allows aii participants to shop 

around and negothte the best contracts for themlves, is based on the principle that 

ftee market cornpetition is the best way to inprove financial efficiency, and econornic 

incentives are better than extemai enforcements Ui achieving hiph economic efficiency 

[ 1 - 171. Figure 1.5 shows an example of the bilateral contract modeL 

i n  the both bilateral contract and poolco rnodels, a new elernent cded 

independent system operator (ISO) should be introduced to maintain the system 

reliability, to coordinate scheduiing and dispatch, to administer connacts which 

overload the transmission network, to provide a n c ~  services, as weil as to 

administer biüing and settlements in the system [ 1-26]. Ho wever, several pro blerns 

related to BO'S responsibilities such as transmission pncing, load flo w allocation, 

Legenâa: S refera to seller; T rcfers to trading entity, 
i-e., broker; B refera to buyer 



Ioss allocation, as weii as available transmission capacity, are not fuUy understood 

yet. and are currently the subject of extensive research [l-12, 1- 13, 1-27, 1-28]. 

One major difference between the poolco and the bilaterai contract models is 

that the poolco model handles only short-run transactions in a single spot market, 

in which electricity king pwchased is delivered immediately [1-261, while in the 

bilateral çontract modeL long-temi or future contracts are more common. 

Another major difference is that the pooko rnodel essentiaily is centralized while 

:fie bilateral conuact model is not. Therefore, the poolco model is easier to be 

i r q  lemen ted because the system operation and coordination responsibiüties are easier 

to ix achieved through a centralized system The main difkulties in implernenting the 

bilateral contract model are the power balance problem and transmission constraints 

as presented in section 1.2.4. 

in terms of economic efficiency, the bilateral contract model is better than the 

poolco model since the latter requires a centralized utility, a power pool, to 

coordinate the transmission, and it has no natural incentive to operate efficiently [ f - 
1 71. In the UK, this problem has been solved in part by introducing a number of 

econornic incentives for the pool to operate more efficiently. 

In fact, as evidenced by e X k ~ g  system, pure poolco and pure bilateral contract 

rnodels do not exist. Aii elecûicity system reforms adopt both models although 

usually one dominates over the other. In England and Wales, the poolco is the 

dominant model, while in Norway the bilateral contract model is the dominant one. 



1.4 Worldwide Experiences 

In the last 15 years, the eleceicity indusey has been radicaily reformed 

throughout the world. The k t  electricity industry refonn was carried out by Chile 

in 1982, followed by the üK, Norway, Sweden, Aumalia, New Zedand, Argentina, 

Peru, and cumntly many States in the US. In this section, the experience in Chile, 

Argentina, Norway, Australia, and New Zealand is presented 

Chile, although not drawing as much attention as the UK, is the first nation 

which reformed its electricity industry. The refom, which was part of a broader 

rationalization of the economy, started in 1978 and was enforced under military d e  

[l-231. The legislative change was made in 1982 [l-321. 

C hile initiated cornpetition in its electricity industry by instituting a who lesaie 

market [l-291. First, large customers were allowed to purchase electricity fiom any 

generators or disaibution suppliers [l-291. Then, the regulated price was linked with 

the market pnce so that small customers could share the benefits resulting fiom 

corn petit ion, and the electricity market price was aiso used as a signal for investment 

[i-291. 

The Chilean wholesale electricity market consists two parts, a spot market 

handled by a power pool and a bilateral contract market [l-321. Only large customers 

have the right to choose supplien and the regulator sets the electricity price for smail 

customers based on the spot wholesale market price [l-321. 

The reformed Chilean power system is the fmt example in the world to 

20 
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demonstrate that cornpetition codd be introduced into electricity generation by 

çharing the transmission system among d l  electricity utilities which pay for the 

transmission services. However, serious problems exin in the Chilean system, 

mainly caused by the predominance of one generation company in one of its two 

independent systems, the SIC4. Since there was no requuement for divesture and 

generation / transmission separation in Chile, one major generation company bought 

the whole transmission network, and iater this company was purchased by an 

investment group which al= owned the largest distribution company [ 1-29]. Thus, 

most resources in the SIC are owned and controlled by one company, and 

consequently, fair cornpetition becomes impossible. 

in Argentina, the e l d c i t y  indusûy reform which began in 1992 was primarily 

motivated by the desire to improve its hancial efficiency and to attract foreign 

investment needed to upgrade the system [l-291. In contrast to the UK, Argentina's 

reform was a passive choice forced by its sluggish economy. By 1992, the electricity 

industry in Argentina "... had detenorated badly and was characterized by several 

operational and financial difficulties ... [L-361" It was the inability to improve the 

performance of the electricity indusûy that led to the reform in 1992 [ l-  11. 

Before 1992, the electricity indusû-y in Argentina had four federal utilities, two 

large hydro plants jointly owned by Argentina-Paraguay and Argentina-Uruguay 

respectiveiy, and 19 provincial utilities. Around 80% of its electricity, approximately 

15,000 MW, was generated by non-nuclear plants. 

Due to its long and narrow geographical feature, Chile has two separate power 
systems, one is SING, and the other SIC. 
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Januaiy 1992, Public Law 24,065 (Electric Law) was legislated, fomllng a 

fjamework for the restructuring and privatization of the electricity industry [l-1 1. 
Since then, in Argentha, electricity utilities were largely divested and privatized, 

and a competitive market was established. The market structure of Argentina's 

elecnicity industry was basically guided by the Chilian electricity industry reform 

experience of ten yean earlier, however, it revised some unsuccessfûl approaches 

adopted by Chile. It separated the ownership and operation of transmission fiom 

generation, and required transmission to provide open access [ 1-29 1. Dispatch was 

handled by an agency separated h m  the transmission facility. A wholesale market 

structure in the fonn of a power pool and a merit-order centrallled dispatch was also 

adopted [l-291, dong with a limited retail competitive market. 

Argentina took two steps to restructure its electricity industry, first to divide the 

federal electricity utilities into severai small companies, then, to privatize them. In 

1992, a national electricity wholesale market, also known as a power pool, was 

established to accommodate cornpetition. Three large utilities, Segba, Ayee and 

Hidronor, which produced 80% of the total demand, were split into 25 generation 

[ 1 -291, one high voltage national transmission, six low voltage regional 

transmission, and some distribution companies. The above companies and several 

provincial utilities were largely privatized. However, the nuclear utility and the two 

bi-national hydro plants were not privatized. The Electric Law mandates that no 

generation Company can own more than 10% of the total system capacity, and 

therefore, the notable market power existing in Chile was preventzd in Argentina. 

The wholesale market is administered by Cammesa , which is a non-profit, 

independent system operator jointly owned by the government and generation 

companies [1- 11. Cammesa basically has three duties, dispatching, determining 

pnces, and maintainhg the system reliability [1- 11. The entire wholesale market can 



be split into three parts, bilateral contracts, seasonal market, and spot market. 

Bilateral contracts are signed fieely between generation companies and electricity 

suppliers (including large customers), and typicaly last one year. However, hydro 

plants are only allowed to contract up to 70% of their capacity [l- 11. Altematively, 

the seasonal market is a market whose price is determined by Cammesa basically 

based on water levels, and maintained for six -month periods [I-11. Buyers who wish 

to purchase more power than the quantity specified in their contracts can buy the 

extra power either fiom the seasonal market or fiom the spot market. The spot 

market is essentially a one-hour based poolco auction system where both buyers and 

sellers bid prices and quantity. Generation cornpanies may buy power fiom the spot 

market to fulfill their contracts in excess of their actual generation, and large 

customers may dso  buy fiom the spot market to meet their short-run load 

modification [l- 11. 

While the wholesde market is ariministered by Cammesa, the whole reformed 

electricity industry is regulated by Erne, the federal regulating body established in 

1992 [l-291. Erne enforces the Electric Laws, arbitrates disputes between electricity 

companies, regulates prices in transmission and distribution, as well as sets 

electricity supply s e ~ c e  standards [l- 11. Erne essentially copied the WK price-cap 

regulation in transmission, distribution and supply [ 1 - 11. 

The electricity industry refonn in Argentina is clearly a success and has drawn 

international attention. Table 1.2 compares the performance of the electricity 

industry before and after refonn. 
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Table 1.2 ElCetneity Inderbg Performances in Argentins [l-il] 

Year 1 spot  ric ce Thermal Unit Distribution 1 Transmission 

l Availability Losses (%) Outage (hour) 

The expenence h m  Chile and Argentins, which is called the "Southern Cone" 

model, is now king adopted widely in Latin America, including Peru (starting in 

1993), Bolivia (1995), and Colombia (1995) [l-291. This model can be ~ullunarized 

as a combination of bilateral and poolco models. Basically, this model splits the 

entire electricity industry into five specific business, namely, generation, dispatch, 

transmission, distribution, and distribution supply [l-291, and the dispatch, which 

scheduies, dispatches, and coordinates the electric power generation, is separated 

fiom transmission. Competition is realized M y  in the wholesaie level and partly in 

the retail level [l -291. 

Nonvay's Energy Act of 1991 started its electricity industry reform by 

unbundling the entire industry into generation, transmission, distribution, and supply 

[1-21. In contrast to the UK centralized poolco system, the electricity industry in 

Norway is decentralized and bilateral contract model dominates the market and a 

power pool simply balance the power generation and consumption [l-21. The 

Norwegian model is also adopted by Sweden, and Finland [l-341. 



Before 1991, in Nomay there were around 80 generation cornpanies and 200 

distribution cornpanies, largely municipaily owned and generating their own 

electricity. The largest Company, the Statkraft owned about one third of the 

generation capacity [l-21. The Norwegian government owned 80% of the 

transmission lines [1-21. 

Since 199 1, the transmission business within the Statkraft was resumed by a 

new company called Statnett Market SF, which owns 80% of the transmission lines 

and leases the remaining 20% which belong to 30 companies 11-21. Later on, a 

market operator, the Statnett AS, was established to handle the wholesale market, 

and the existing power pool, Samkjoringen, started to serve the spot market. The 

electricity companies in Nonway are only partly privatized, with 55% of generation 

belonging to municipaiities, 30% belonging to the Statkrafl, and 15% belonging to 

private companies. 

Roughly speaking, the Norwegian electricity wholesale market can be divided 

into a bilaterd contract market and a spot market with the first dominating over the 

second5. The spot market accepts bids both fiom buyen and sellen. in addition, the 

supply cornpetition is also Mly developed, and the customers are free to shop 

around for the best pnces. Customers with energy demand of 400 MWh are 

mandatorily required to install hourly metres, while those with 400 MWh or less can 

instail metres or accept bills based on their load profile [l-2].1le fiamework of the 

deregulated Nonvegian power industry is presented in figure 1.6. 

Transmission is regulated and priced similady to the UK (see section 8.1 for the 

UK transmission regulation.) However, unlike the UK, the transmission losses in 

5 

Around 70% electricity is traded through bilateral contracts in Norway. 
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Nonvay are recovered through a charge for transmission services instead of a pool 

price element6. 

The electricity industry reform efforts in Australia started in 199 1 [1- 11, when 

regionai govemments agreed to cooperate to create a cornpetitive electricity market 

in the southem and eastern regions. Unlike the UK, Australia had never nationalized 

its electricity industry and thus, al1 states' have their own electric systems with weak 

6 

In England and Wales, power system losses are included in the pool price. 
7 

Australia have nine states and temtories, namely, Australia Capital Territory, New 
South Wales, Northern Temtory , Queensland, Southern Australia, Tasmania, 
Victoria, Western Australia, and Snowy Mountains. 
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interstate inter-connections. The electricity indu- reform in Ausaalia, therefore, 

has been ongoing in both state and national levels. The most radical reform occurred 

in Victoria which basically emulated the UK mode1 while other states have also been 

undergohg various degrees of reform. However, so fa, until1997, only Victoria and 

New South Wales have a wholesale generation market in place [l- 11. in the next few 

subsections, we present the electricity industry reform in Victoria, New South 

Wales. and the national level. 

The RefQLm in Victor* 

The electricity industry refonn in Victoria started in October, 1993 when the 

vertically integrated State Electricity Commission was split into generation, 

transmission, and distribution. Then, in 1994, the generation division was further 

split into five companies, and the Victor Power Exchange was established to operate 

the wholesale market [1- 11. The transmission business was assumed by Powemet 

Victoria, and the distribution business was restmctured into five companies, which 

m e r  separated the distribution and supply functions [l- 11. Since 1995, most of 

these electricity companies were privatized [l- 11, and the newly created system has 

strict limitations on cross-ownership of the generation and distribution businesses 

Cl-371. 

At the beginning stage of deregulation, ail customers were h c h i s e d  customers 

who had to purchase electricity fiom their assigned distribution cornpanies. Since 

1 996, large customers were allowed to choose suppliers, and full suppIy cornpetition 

is scheduled to arrive in December 2000. 



i New South Waieg 

Before electricity reform, the New South Wales Pacific Power Company was 

a vertically integrated utility responsible for generation and transmission [ 1-3 31. la 

Febntary 1995, the transmission business was separated fiom it to form a 

transmission Company named TransGrid [l - 1 1. The generation capacity of Pacific 

Power was M e r  split into three companies, Macquarie Generation with 4,660 MW 

capacity, Delta Electricity with 4,820 MW, and Pacific Power which retained the 

remaining 3,205 MW capacity [ 1 -331. The distribution business was restructured 

into six state-owned companies, which were, again, hancially separate [l-331. 

TransGrid is responsible to develop and irnplement a wholesale cornpetitive 

market, which started to work in 1996, and will continue to operate until replaced 

by the National Electricity Market (NEM) [l-331. The wholesale market is 

established in the form of a power pool where both buyers and sellers are allowed 

to bid. Retail cornpetition is not fûlly implemented yet although large customers 

have a choice over the suppliers. 

In contrast to Victoria, New South Wales has not privatized its electricity 

companies yet [l-11. However, in May 1997, the New South Wales treasurer, 

Michael Egan, announced his intention of privatiting the electricity companies [ 1 - 1 1. 

The efforts of the electricity industry in Australia to reform can be traced back 

to 199 1 when al1 states agreed to cooperate to establish a national electricity market 

[ 1 - 1 1. In September 1995, the National Grid Management Council preposed a 

National Electricity Code (the Code) which outlined the basic functions of the 
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Nationd Electricity Market (NEM). ïhe code was approved in November 1996. As 

specified in the Code, the process of establishing a cornpetitive electricity market 

includes the unbundling of the old electricity industry structure, ensuring open 

access in the transmission grid, creating a pool system to handle electricity trading, 

encouraging inter-state trade, ensuring customers have choice over the suppliers, 

pricing and regulating transmission and distribution business El- 1 1. 

Aithough r e f e d  to as national market, NEM uiitiaiiy includes o d y  Victoria, 

New South Wales, Southern Australia, Queensland, and the Australia Capital 

Temtory, with the potential expansion into Tasmania. Due to geograp hical factors, 

Western Australia, and Northern Territory will not join the market, and other regions 

will join at a later time. The market is scheduled to be fully-fledged in 200 1 when 

both wholesale and retail competition are implemented. 

Because of geographical factors, the nationai electricity transmission grid is not 

nationalized. Therefore, to enable the operation of the NEM, three main transmission 

links are to be built, namely, between New South Wales and Southem Australia, 

between New South Wales and Queensland, and between Victoria and Tasmania. 

in addition, the ownership of the transmission network will be transferred to the 

national goverment. 

The wholesde market includes three trading arrangements: long-term bilateral 

contracts, short-term forward trading and spot market trading. Supply companies rely 

on long-term contracts to meet long-tem forecasted demand, on fonvard trading to 

meet short-term demand, and on the spot market to balance power. At the initiai 

stage, only large customers, known in Austraiia as "contestable" customers, are 

allowed to choose suppliers. The fhmework of the NEM is presented in figure 1.6. 



1.4.5 New 2- 

The electricity industry reform in New Zeaiand was part of a sequence of 

economic refom trigged by the foreign exchange crisis in 1984 11 -251. Its objective 

is to establish market mechanisms, to inwduce cornpetition, and to reduce 

administrative regdation as much as possible [l-251. Before the refom, the 

generation utilities and the transmission network were owned directly by the 

govemment Electricity Departmenf and owned by Electricity Power Boards which 

were Iocai government distribution entities [ 1 -251. 

Electricity industry refonn in New Zealand started with corporatisation 

(restructuring). Deregdation efforts started in 1992 when the Energy Companies 

Act, a law goveming the deregulation, was authorid 11 -11. In 1987, the Electricity 

Corporation of New Zealand (ECNZ) was established, assuming the generation and 

transmission businesses previously owned by the Electricity Department [ 1 -251. 

Then, in July 1994, Tmpower, which took care the transmission business, was 
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separated fiom the ECNZ (1-251- Later in 1995,30% of the generation capacity in 

the ECNZ was assumed by a newiy fomed Company named CONTACT [l-251. 

Meanwhile, some new generation companies also emerged, and by 1998, it is 

estimated that 15% of the total demand is generated by private cornpanies [l-231. 

The electricity supply authorities were also corporatised hto  40 companies since 

i 992 [ 1-25]. In April 1994, fùll deregdation both in the generation and suppiy 

businesses was implemented, offering al1 customers the right to choose suppliers [I - 
X]. 

To enabIe wholesale competition and coordinate the wholesaie market, the 

Electricity Market Company (EMCO), which is jointly owned by Transpower, 

ECNZ, CONTACT and the Electricity Supply Association, was formed in 1993 to 

run an electricity exchange market 11-251. This exchange started operation in 1995 

[ 1-35]. The electricity exchange market consists of a spot market, bilateral contract 

market, and a fonvard marketa [l-251. Suppliea usually hold contracts with fixed 

quantity and a two-way hedge, with which those companies which bought less than 

their contracted quantities are credited for the differences, and those which 

purchased more are charged for the differences based on the spot price [l-251. 

Privatization is not implemented in New Zealand, and the electricity cornpanies 

are mostly state owned. Whoiesale competition is not hlly successfid because of the 

predominance of the ECNZ in the generation market, whose declared marginal cost 

usually define the spot market price II-25). 

S 

Forward market refers to the market which governs contracts with a predetennined price for 
the next few days. It is designed to meet the short-term demand change for customers. 



1.5 Organization of the Thesis 

This thesis is arranged as follows. As we have seen, Chapter 1 provides the 

background of the research. The remainïng chapters are orgauked as follows. In 

chapter 2, the England and Waies Power Pool (EWPP) as well as other essential 

elements of the reform in the EWPP are introduced. Also in this chapter, the 

research scope of this thesis is defined since it is closely related to the EWPP d e s .  

In the next four chapters, four questions regarding the Pool operation are answered, 

namely, (1) What is the theoreticai base behind the Pool scheduling rnethod? (2) 

Why is the special method called Table A/B adopted by the Pool? (3) Why is 

marginal cost pnchg chosen over average cost pricing? and (4) Why is the uniform 

pricing adopted instead of discriminatory pricing? Later, in chapters 7 and 8, 

gaming behaviour and some important issues are discussed to give the reader a 

broader picture. Finally in chapter 9, conclusions are presented. 
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Chapter 2 The England and Wales Power Pool 

The privatization of the British power industry which staned on iMarch 3 1. 1 Y90 

has led to a ciramatic structural change in the electricity industry [2-61. Accordhg 

to the office of glectricity ~eguiation (OFFER), "The new industry structure is 

designed to encourage competition in generation and supply of electricity and to 

regulate price for activities where the scope for competition is limited, such as 

transmission and distribution." [2- 11. 

2.1 Old Structure and New Structure 

in retrospect, the deregulation of the UK power industry can be traced back to 

the last decade. In 1983, the UK Energy Act perrnitted individual persons or 

companies to use public networks to transmit electriçai energy, thus initiating the first 

step to open access of the transmission network [2-61. In February 1988, the 

govenunent white papa "Privatizing Electricity" was presented, formally proposing 

privatization [2-51. The iegislation conceming privatization is contained in the 

Electricity Act 1989 [2-61. Fiaiiy, on March 3 1, 199 1, often referred to as Vesting 

Day, privatization was impCemented. These actions made the UK the first developed 

nation to break the rnonopoly in the electricity industry. 

Before privatization, the Central Electnçity Generating Board (CEGB), O wned 

by the government, was in charge of almost aii generation and transmission of 

electricity in England and Wales. It had a statutory obligation to schedule, dispatch 

and produce electricity to satisQ the national dernand 12-21. Prices for bulk supply 

to Area Boards and very large consurriers, were set by the Electricity Councii, which 

is a regulating body, at Ievels designed to meet hancial targets laid by the 
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government. The distribution and supply senices, including setting customer rates, 

were m a g e d  by local Area Boards, which were also govemmnt owned monopolies 

[2-21. 

On Vesting Day, the old electricity industry stnicture was dissolved and a new 

structure was established. The restructuring took several steps. Fust, the Office of 

Electricity Regulation (OFFER) was instituted to provide independent reguiatory 

oversight of the UK electricity industry 12-71 Then, the whole industry was divided 

into four distinct businesses which are generation, transmission, distribution, as weil 

as retail supply, and the CEGB and the Area Boards were split into several pnvate 

companies 12-71. Finaliy, a power pool was introduced as a competitive electricity 

market- 

The two main duties of the regulating body, the OFFER, are (i) to prompt 

cornpetition in generation, and (ii) to protect consumers f?om unreasonable price 12- 

141. In theory, generation is not regulatcd but, in practice, OFFER has been drawn 

into monitoring the major generation utilities, especialiy those who have notable 

market power [2-71. 

The CEGB was divided into four companies. These are the public owned 

National Power, PowerGen, National Grid Company (NGC) and the state owned 

Nuclear Elecmc [2-61. The fossil fuel generation capacities within the CEGB were 

assumed by the National Power and the Poweffien; while the nuclear capacities 

remained state owneâ under the auspices of the Nuclear Elecmc [2-91. The 

transmission business was taken by the NGC, which is responsibie for the running of 

the national high voltage transmission system, the national grid. The NGC has no 

generation capacitks except two purrped storage fhciiities, which are quite important 

in balancing the system [2-71. Thus, the generation is separateci fiom the transmission 
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service. The supply and distribution business were privatized as twelve Regional 

Electricity Companies (RECS) [2-51. It is the privatization rnentioned above and 

aiiowing generators equal access to the national grid that made generation 

cornpetition possible. 

In the new stnicture, most consumers, known as franchise consumers, are 

comected to the network of =Cs, aithough a few large non-fianchise consurners, 

e-g., steelworks and paper plants, are c o ~ e t e d  direçtly to the national grid. Non- 

franchise consumers consuming 1 MW or more are ailowed to purçhase energy 

directly fiom any licenced suppliers. This privilege was expanded to costumers 

consuming 100 MW or more in 1994 and, eventually, will be expanded to ail 

consurners in 1998 [2-51. 

An important elernent of the new structure is a power pooL On Vesting Day, the 

E n w d  md Wales Power Pool (EWPP) was established for the trading of electricity 

between generators and suppliers [2-31. The EWPP, operated by the NGC, is the 

heart of the new structure. Virtuaiiy ai i  the physical electricity transactions go 

through the power pool (2-4, however, the pool itseifdoes not buy or seli electricity. 

I t  serves as an electricity spot market; ail generators bid into it and aii RECs are 

entitled to pwchase Etom it, Basicaiiy, the two main goals to be achieved by the NGC 

in its daily operation are to make generation schedules and to determine the 

electricity spot market prkes. Since most of the consumers do not have the right to 

choose a supplier, oniy generation competition has been reaiized in the UK, at least 

until retail cornpetition is instituted in 1998. 



2.2 EWPP Overview 

In the old industry structure, the pubkly owned utilities coordinate generation 

and dispatch with each other. However, in the new structure, the generation utilities 

compete instead of coordinating their output with each other. This requires the 

EWPP to htroduce a mahanism to form a cornpetitive ekctmty market. An auction 

system is a naturai choice. In such a system, the power pool essentiaiiy acts as a 

centralized "super-utiiity," so that ail generators C O M ~ C ~ ~  to the national grid can 

bid in prices and quantitics for the provision of electricity energy. In a sense, the 

electricity is "pooled" into the pool and ail suppliers can buy energy from it. This 

facilitates competition. thus crcating a fair price for electricity via market forces. 

A generation utility that wishes to made electricity through the pool must first 

becorne a pool rnember and sign the Pooiing and Settlemcnt Agreement (PS A) with 

aii other pool rnembers. The PSA deîïnes the rules for energy trading and specifies 

the responsibilities of the various parties. Table 2.1 gives severai responsibilities 

within the NGC in EWPP's daily operation [2-31. 

Every day the generation utiütits offer bids on prices and amount of power they 

wish to seii for the next day. The above data and forecasted load are input into the 

Settlernent general ordering and loading (Settlement GOAL) program to make a 

prelUninary generation schcdulc for every haif hour to rneet the forecasted dernand 

at the minimum pool cost. This preliminary schedule, whose purpose is to derive the 

pool prices, does not consider transmission constraints and is worked out one day 

before the scheduie day. Later, a practicai generation schedule with transmission 

constraints consideration is also produced by the NGC for the purpose of generation 

scheduling. 
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NGC Gnd 

Operator 

PARTY 

Sertlement 

System 

Administrator 

Responsible for the maintenance and stability of the national 

grid, and responsibie for the generation dispatch and reai tirne 

system operation to ensure that voltage and fkequency 

tolerances are not violated. 

RESPONS IBiLITY 

Responsible for the determination of pool settlernent system 

prices and for the production of trading reports to pool 

members for each settlernent day 

EPFAL 

NGC Ancdhry 

Services 

Responsible for the mnskr of the pool funds kom the RECs to 

the eenerators. 

Responsible for the provision of ancillary senices required to 

ensure system stability, such as load foliowing, VARS, and 

black start. 

.The pool prices are derived as foilows. Fust, a system rnargind pnce (SMP) is 

derived as the highest marginal pnce or incrernental price of a "flexible" generator 

which is scheduled to nin according to the preliminary schedule. There are two 

different SMP calculation mthods. Roughly speaking. one method (Table A) is for 

peak load periods while the other method (Table B) is for off-peak load periods. 

Since the SMP only represents the short run marginal price, a capacity element (CE) 

is also added to the SMP to obtain a pool purchase price (PPP), PPP = SMP +CE.  

Several constraints (e-g., transmission flow. plant operation, stability) as well as load 

forecast errors, generation shortfall, and O ther factors can additionaiiy increase the 

elecmcity price. Ail these factors are lumped under a price component caiied uplift. 
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Finally, the pool sale pnce (PSP) is defïned as the sum of PPP and uplift. 

PSP = PPP + uplift. By 4 p.m, the S M .  and CE for the next schedule day are 

made available to each pool mmber. The only uncertain price elemnt fkom a day 

ahead perspective ïs the uplift, which can only be computed after the fact [2-91. 

Generaily speaking, g e m t o n  wilï be paid at the rate of PPP for the energy they 

produced, while suppliers wiu pay PSP for the energy they buy. The dinerence 

between PPP and PSP, the uplift, is set to cover the cost associated with various 

senices required to rneet the constraints and uncenainty mentioned above. It should 

be nbted that the net payment to and fiom the pool equais zero. The transfer of funds 

that foiiow the trading of elecaicity throughout the pool is carried out by an 

administrative unit within the NGC calied EPFAL. 

The electricity retail prices charged by the RECs are reguiated through a price 

cap. The rnajority of the end consumers, known as fianchise costurners, purchase 

elecaicity fiom suppliers at a fixcd rate indepcndent of the variation in pool pnces [2- 

91, ho wever, large non-firanchise costumers have an option to pay according to the 

variation of the half-hour spot market pool prices. 

Since RECs buy electricity from the pool at the rate of PPP and supply end 

consumers at a 6xed rate which does not reflect the variation of the PPP, most of 

them hedge against the rirlc associated with the PPP voiatility by purchasing contracts 

for differences (CFDs) [Z-71. CFDs are not contracts to deliver electricity, but to 

transfer funds. Typically, one-way CFDs provide payment to the suppliers (buyers) 

when the PPP exceeds a predetermined strike price. Two-way CFDs also provide 

payment to the generators (seliers) when the PPP falls below a saike pnce [2- 141. 

CFDs aiso played an important role to protect the UK coal industry at the beginning 

of the restructuruig of the electricity industry 12-71. 
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The uansmission business is a hybrid. The maintenance and construction of the 

national G d  are nin by the NGC outside of the pool, and are run under a price cap 

reguhtion. The transmission charge is location based. There is a negative charge for 

generation in the south where the load is the heaviest, and a positive charge in the 

north in where there is an excess of generation [2-71. The operation of the grid is nin 

by the EWPP. The costs associated with grid operation are passed through the pool 

via the uplift [S-71. 

The UK deregulation was refemed to in jest as a "half market" because the initial 

d e s  aiiow only generators to submit bids. Things were changed in December 1993 

when a scheme called DSB 1 was introduced to the EWPP to encourage demand-side 

participation in SMP determination [Z-181. Under this scherne, twelve large 

consumers can submit bids for the prices and load they wish to shed at each haif 

hour. However, the demand-side participation is not yet complete in the EWPP. 

The EWPP rules are exceptionaiiy complex. The foiiowing sections in this 

chapter surnrnarize and highlight the important parts of such rules. Section 2.3 

presents the time scherne used in the EWPP. The bidding information required by the 

E ~ P  is shown in section 2.4. Section 2.5 explains how to classify the schedule day 

into two types of periods (Table AD). GOAL program is presented in section 2.6. 

Finaily, section 2.7 and 2.8 explain how the pnces arc worked out and ho w the pool 

payments are made and balanced. 

2.3 Settlement Agreement Tirnetable 

The generation scheduie and the electricity price are determined for every half 

hour, (known as the Settiement Period Duration, SPD) for an interval known as the 

Schedule Day Duration, SDD. The SDD starts at 5 a m  and last for 48 half-hours. 

39 
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ADP * 
< SDD - SDD b - Bi& riibib8h t h 8  SMP and CE available time 

Figare 2.1: Setdement Tirnetable 

The SDD timing is chosen to ensure a smooth changeover during a low load period, 

that is, around 5 a-m. 

The Availability Declaration Period (ADP) runs 39 hours, from 9 p.m. on the 

day before the SDD to 12 p.m. afler the SDD. The generation utilities m u t  submit 

their Day Ahead Offer Files for the full ADP by 10 am. on the &y before the SDD. 

The SMPs and CES of al1 p e n d  in a SDD are available to al1 pool members by 4 

p.m. on the day before the SDD. 

Since the generation utilities submit Day Ahead Offer Files every day for the 

next ADP, the offer data rnay overlap with that of the previous offer. Generally, the 

old offer data is replaced by the new one. Figure 2.1 shows an example of the above 

quantities, which together define what is called settlement time table. 

A program called Senlement Runs is used for the calcuiation of the payments. 

Metered data are collected and input into the Settlement Run. The Pool Funds 

Adrninistrator receives the result h m  the Settlement Run and authorizes the funds 

transfer, generally, within 28 days afier the SDD. 

2.4 Bidding Information 

Every day by 10 am., the electricity generation utilities are required to submit 

40 
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3 Day Ahead Offer File for each of their gensets (genset is one unit or group of units 

which are considered jointly for the purpose of dispatch). The bidding fde contains 

information on availabilities, pnces, as weii as operational characteristics of the 

genset for the next ADP. The foliowing is a bnef summary of the bidding 

information: [2-21 

The genset submits an offer stating whether it wishes to sell. If yes. the 

maximum output level shouid also be submitted. This offer covers every minute of 

t h e  next ADP. The maximum level permitteci availabiiity is 999 MW. 

A genset is requird to submit to the power pool its operationai characteristics, 

such as rarnp-up and ramp-down rates as weil as minimum up and down thes.  

2.43 Prices for the Next ADP 

Each genset must submit one set of pnces for the entire ADP. The EWPP does 

not require gensets to reveal their real operational cost. Therefore, a genset's bidding 

prices do not necessarily refiect its real operational costs. The offered pnces are 

specified by the so-cailed Willans' Line containing eight parameters as shown in 

Figure 2.2: the no-load prke c,, the elbow points PB and Pc, the incrementd prices 

,la, &-. and &, as weU as the po wer output range. [P"". m. Bidders can su bmit 

no more than three segments for a genset (Subsequently increased to 10 segments in 

1995). The start-up pnce is also required by the EWPP. 

A genset rmy offer a special price called maxgen price if the genset can operate 

above its stated availability for a while when needed. The genset wiii be paid for its 

rnaxgen operation at the rate of the maxgen pnce specined in its offer Ne. 
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AU offered prices rnust be less than the rwcimurn values specified by the EWPP. 

Table 2.2 shows the maximum values. 

2.4.4 Inflexibilitv Declaratio~ 

A genset may be declared inflexible if it can only operate at or above a certain 

output level or if it is unable to shutdown between daily peaks. 
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At any tirne a genset may submit a Redeclared Availability Declaration. which 

contains revised data for its avaiiability and intlexibility. This rnight happen when a 

genset becomes available at a different output level or a genset declared not available 

becomes available. 

If a genset faik to subrnit Day Ahead Offer Fie, or the submitted file contains 

invalid data, the settlernent system adrninistrator has the power to use the last 

notification avaiiable fiom the genset or the most recent offered data 

2.5 Demand Forecasting and Schedule Periods Classification 

Every day by 10 am, the Grid operator produces a national demand forecast for 

each SPD in the next ADP, based mainly on historical data and weather forecasts. 

The demand fkom large consurms, extemal pool mcmôers and NGC pumped storage 

is added to the forecast to get a demand curve. 

Given the deriland curve, the NGC operator divides the 48 haif-hours in the next 

SDD into two categones, namely the Table A and Table B periods. Generally, the 

Table A period is a peak load period and the Table B period is an off-peak load 

period. This classification faciiitates the price determination. 

To define the Table A and Table B periods, the peaks and troughs must be 

defined 6rst. Peaks and troughs are settlernent periods which lie at the maxima and 

minima of the demand curve. Mathernaticaily, assuming that D, is the load during 

period j, peaks can be d e h e d  as D,, < 9 2 Dj, , w hile troughs can be de6ned as 

D,-, 2 D, < D,,, . Minor peaks. which associated with a drop of less than 500 MW are 

not classified at this step. 
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The periods kom the start period to the &st peak, fkom one peak to the next 

peak, and fiom the last peak to the end period are treated as troughs. However, the 

first and the last periods in the SDD are treated as peaks if their demand is greater 

than the demand of their neighbours. 

For each trough, two intermediary variables are defined, the genset spare 

capacity (SC) and period residual (PR). The SC is defhed as the rnargin between the 

total.availab~t~ and the surn of demand and rcsewe. PR is the minimum SC at the 

adjacent peaks associated with the trough. Each trough period with 

SC - PR > 1000 MW is defined as Tabk B period. AU the other periods are Table 

A periods. EssenMy, Table B periods are periods with more spare capacities while 

Table A periods are periods with less spare capacities. 

After the above steps, an adjustmnt is necessary to maintain the ratio of the 

number of Table A pcrioâs to Table B periods. From 9 p.m to 5 a.m, only 7 out of 

16 half-hours are aiiowed to be Tabk B periods; from 5 a m  to 5 a.m next day, only 

20 out of 48 haif-hours are aiiowed to be Table B periods; fkom 5 a.m to 12 a.m, 

only 5 out of 14 half-hours are aiioweâ to be Table B penods. If the initial step 

produces more Table B periods, the Table B periods with the low margin between 

SC and PR are redefined as Table A periods until the above condition is satisfied. It 

will be show later that the no-load cost and start-up cost are covered only through 

Table A periods. The adjustment mentioned above is to ensure that the winning 

bidders can get adtquate paymnt to cover aii  their costs. 

2.6 Settlement Goal 

Given the bids and forecastd load, the pool dispatcher creates a generation 

schedde to meet the load at minjmum pool cost. To perform this task, the dispatcher 

44 
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empioys a program caüed Settlement Goal which essentialiy uses a merit order List 

approach [2-31. The Settiement Goal does not take into account transmission lirnits 

and, therefore, the schedule is only a preliminary version for the purpose of selecting 

a set of successfui bidders and to determine the electricity pnce. 

The Settlement Goal functions as foilows: (2- 181 

(a). For each genset, find the minimum k a t  rate point (MEiR). This point (Point 

B in Figure 2.2) corresponds to the minimum average price (MAP). 

(b). Segments with incremntal p k  (IP) less than the MAP are re-assigned an 

IP which equals MAP. 

(c). Segments are ranked according to their IP to f o m  a merit order List. 

(d). Add the capacity of each segment in order of increasing iP to form a 

scheduled generation versus IP curve ( Figure 2.3). 

(e). Given the cuve and the forecasted dernand, a prelirninary schedule can be 

O btained. 

2.7 Pool Prices 

The pnces at which electricity are bought and sold under the pool trading 

mangernents is determined for every haif-hour so that the pool can be considered as 

an electricity "spot market" with a uniform market clearing price. The price at any 

the, as in any other market. reflects the market equilibrium between supply and 

dernand. 
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- - 

Forccasted dcmand = schedulcd gcncntion 

The EWPP electricity price consists of four elements, namely, system marginal 

price (SM') ,  capacity element (CE), uplifi, and transmission losses price. 

The SMP is energy element of the pool price. It is derived fiom the 

unconstrained preliminary generation schedule with different calculation methods 

for Table A Period and Table B Period. The denvation of SMP is as follows: 
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(a) Suppose Vij and VRij are the scheduled level in MW for generation and 

reserve for genset i in schedt.de period j according to the unconstrained scheduk. 

We define the genset's unconstrained generation in MWh. 

Uij = [ Vi j - ,  + Vi;] x 0.5 x SPD , and simiiarly, the genset's unconstrained 

reserve. UR, = [VA,-,  + VR,] x 0.5 x SPD. 

(b) To find SMP, fisc the intermediate variables GP, are found for each genset 

i during period j. 

(i) For a table B period, the GP is the offered inaemental price corresponding 

to the unconstrained generation U,,. 

(ii) For Table A period, 

[ (NL .- x SPD) +STJ 
11 

where INC, is the incremental price corresponding to the scheduled output 

level; NL, is the offered no-load price; ST, is the offered start-up pnce; start 

and end are the genset start  and shut down times U,, is the genset 

unconstrained generation and UR, is the genset unconstrained reserve. 

(c) To ensure that gensets receive adequate payment and to avoid high SMP, the 

GP is revised if a genset is scheduled to operate as a puise generator (on-off 

during one or two periods), or if a genset is turned on and off within Table B 
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periods. 

(d) AU gensets are labelkd flexible or inflexible. A genset which declares to be 

inflexible in the Day Ahead m e r  Fie is labelied inflexible. I f  a genset is 

scheduled to run in the unconstrained schedule for more than two hours and it 

is running up or down at its maximum rate in one SPD. it is labelleci infiexible. 

A genset who runs at or above its maximum generation both at the beginning 

and the end of a SPD is also iabeiieû inflexible. Ail the others are labeiled 

flexible. 

(e) SMP is the highest GP of these flexible gensets retained by the ment order 

dispatch. 

Capacity Eiement is bascd on the idea that, if a genset is not used to serve load 

fiequently, ie., it has a low load fanor. it might not receive enough payment through 

S MP to remunerate its cost and investmcnt [2-71. in the long run, generators must 

have a reasonable r e t m  for their investmnts, otherwise nobody will build new 

plants. For these reasons, the CE is added to the SMP which, in the long term, is 

expected to reflect the cost of buüding new power stations needed to meet peak 

demand. The CE is worked out by NGC through a cornplex formula. The basic idea 

is to pay more whiie the spare capacity, Le. the system capacity less the demand, is 

smaU and pay less when the spare capacity is large. Clearly, the larger the CE, the 

more investors will be willing to buiid new plants and vice versa. The formula is: 

CE = L O U j  x ( V U  - SMP) 
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where LOLP, is the loss of load probability for settlement period j and V U  is value 

of lost load. The LOLP is calculated by NGC, and is evaluated fkorn the difference 

between the national total availability and demand. The VLL is set as a fixed value 

which changes every year. The value for a L  is expected to determine the extent 

to which investors wiii be willing to budd new plant in excess of the actud maximum 

dernand on the system 

Uplift is the pnce component related to the power system constraints and many other 

factors. There are several constraints that increase the electricity rate. They are 

transmission constraints ( s o m  combinations of generating units overload the 

transmission system), plant characteristics (the dynamics of plant, for example, sorne 

generators take many hours to start), and system stability (in order to maintain a 

stable system, it is necessary to have sufncient reserve, it is &O necessary for sorne 

generating units to produce "reactive" power) [S-81. These constraints and the 

purchase of anciUary services will require the suppiiers to pay more than S MP and 

CE. Uplift also covers an availability payment, that is, the declared available 

capacities in the bids which are not stanâby both in preiïminary schedule and practicai 

schedule receive avaiiability payment which is tied to CE. The costs associated with 

the load forecast mors, and the difference between the generation schedule and the 

real pneration are also cover by the uplift. Ali the costs mntioned above are added 

and spread over the Table A Period under the uplift, thus, the uplift is a mixture of 

many elements. 

Transmission losses are the dinerence between the rnetered generation and 
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d e m d .  The price adjusunent for losses is proportional to the total energy losses at 

the price of PSP. 

2.7.5 Pool Pricq 

Since SMPs and CES for the next SDD are avaiiabk to di pool mrnbers by 4 

p-m. one day before the SDD, the SMP and CE can be considered as a forward 

market price. Ho wever, the uplift and transmission losses can not be forecasted. 

Therefore, the uplift is spot price. 

Pool purchase price (PPP) is d e h e d  as the sum of SMP and CE, and the pool 

sale price (PSP) is dehed as the sum of  PPP, upM, and transMssion losses pnce. 

Table 2.3 gives an exampie of the prices [2-163, and Table 2.4 gives the UK 

elecmcity retail price for domestic and hdustry supply [2-17). 

II Average Price 1 DomsticPrice 1 
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2.8 Who Gets What? 

The transfer of fun& that foilows the trading of electrical energy throughout the 

pool wiii be carried out by EPFAL, the pool fûnd adrninistrator within the NGC. 

Generaliy speaking, gensets are paid at the rate of PPP, while the suppliers pay at the 

rate of PSP. The ciifference between PPP and PSP is paid to the various parties who 

provide the anciilary or other services. 

Gensets are paid for generation, spuullng reserve, as w e l  as for having the plant 

available, simply by submitting bids. The gensets which provide ancillary services 

receive corresponding payment. In addition, gensets also receive payments to 

recornpense them for out-of-rnerit operation due to system constraints and 

forecasting errors. Some gensets also receive marginal adjusted payments if their 

operational costs are not covered through the S M P .  Generation utilities are penalized 

if they do not foilow the NGC's instructions. 

The fund settlernent can be sumrnarised as follows: 

Gensets are paid for energy generation. They are paid at the rate of PPP for the 

energy they produce if they operate according to the unconstrained schedule. 

Gensets are paid for reserve at the rate of PPP less the corresponding bidding 

incremental price if t hey operate according to the unconstrained schedule. 
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0 

Gensets are also paid for any gencration capacity d e c h a l  available. but no t used 

either as generation or as reserve in the unconstrained schedule. This payment is 

caiied availability payrnent (AP). and it is worked out according to the following 

formula: 

AP, = (XP,  - W, - WRY) x LOLP x ( V U  - max (BP, .SMPj) ) (2.3) 

w here the subscript i j  refers to genset i in period j. XP, is the declareci available 

energy: WC and WR, are the gemration and the reserve energies derived fiom the 

unconstrained schedule; BP, is the bidding incremental price: SMP, is the S MP in 

pcnod j. AP, is xt to zero if it is negative. 

The above subsections s u 6  the payments for the unco nstrained SC hedule, 

which are dustrated in Figure 2.4. 

UWh 
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2.8.4. Ancillarv Service Pavment 

Gensets which provide anci- senices are paid for the services. 

Gensets offering rnaxgen services are paid at a maxgen rate if they are chosen 

to operated above their maximum declared availability for a short period. The 

payment is, 

where GMP, is the genset m g e n  paymnt; MP, is the offered maxgen pnce in t per 

MWh; A is the energy generated in maxgen operation and XD is the declared 

maximum availability times the maxgen operation time. Again, GMP, is set to zero 

if it is negative. 

2.8.6. Pavments for Out-of-merit Generation 

Many factors, Like transmission constraints, load forecast errors, and genset 

unavailability resuit in difference between the rnetered output and the unconstrained- 

schedded output. This ditkrence is compcnsated according to the dif5erence between 

the cost of the metered output and the cost of the unconstrained schedule, based on 

the genset offer pricer. This compensation is caiied metered payment. The procedure 

of cdculating rnetered payment is iüustrated as foiiows: 

Suppose genset i is scheduled to generate PI according to the unconstrained 

schedule, but actuaiiy generates P, due to the reasons mentioned above. First, it 

receives P ,  x SMPas the energy paymm. Then, if P, > P ,  , genset i must seil the 

extra energy, (Pz  - P,) x SPD, to the market at the rate of oEer bid pnce. 



Therefore, the total payment for energy is: 

P,  x SPD x SMP + (Pz -Pl) x SPD x Price, 

where Priceu is the corresponding bidding price. 

Otherwise. if P2 < P,.  genset i rnust buy back the energy it should have 

produced, (P, - P,) x SPD, nom the market at the rate of offered bid price. 

Therefore, the total payment for energy is: 

w here Pricel,, is the corresponding bidding price. 

FoUowing are two special examples of the rnetered payrnent. 

(a) Gensets which are not in the unconstrained schedule, but are ordered to 

operate due to consuaints (constraincd on), are paid at their bid price for energy 

payment. They are also paid AP according to equation 2.3. 

(b) Gensets which are in the unconstrained schedule, but are ordered not to 

operate due to constraints (constrained off), are paid at the rate of PPP less the bid 

pnce. The bid price is suimacted since such gensets do not run and therefore, should 

not be compensated for the operational cost. 

To avoid gensets rnaking more profit by redeclaring infiexibility. the metered 

payrnent, if positive, is set to zero if the genset is declareci inflexible [2- 1 11. 
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2.8.7. Marginal Adiustment R ~ m e n t  

Gensets will be paid for ''mginal p b t  adjustrrrent" if the operational cost is no t 

covered through other payment. Chapter 4 will give detaiis. 

2.8.13. Pool sale Price 

Suppliers are charged at the rate of PSP, which equals SMP plus CE and uplift. 

2.9. Research Scope 

The main motivation of this thesis is to understand and analyse the EWPP mies. 

S ince it was a joint effort fiom both power system experts and econornists that made 

the U K power industry deregdation became a reality, the understanding of the 

EWPP rules needs knowledge in both power engineering and economy. 

Several issues aise fiom the EWPP bidding rules, and are analysed in this t hesis. 

(i) To understand more fuUy the theoreticai basis behind the Settlement Goal; 

(ii) The reasoning behind Table A and Table B penods classification; 

(iü) The logic behind the EWPP use of marginal cost pricing 

(iv) Why does the EWPP employ uniform pricing instead of discriminatory 

pricing'? 

(v) The Gaming behaviour under the EWPP rules. 
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Chapter 3. The Switching Curve Law - Theory Behind 

the EWPP Goal Program 

S h c e  the prelùninary unconstrained schedule aims to rneet the forecasted 

demand at the pool minimum cost, the objective of the Settlement Goal program can 

be considered as a unit cornmitment (UC) probtem in this chapter, we show that this 

program has a solid theoretical base h m  the solution of the UC problem through the 

Lagrangian Relaxation approach and, in particular, the Switching Curve Law. 

in this chapter, therefore. the concept of Switching Curves in the context of UC 

is introduced and the Switching Curve Law is developed first. Then, we apply :he 

Switching Curve Law to justify the reasoning behind the Settlement Goal. Fmally, it 

k shown that. just as with the Switching Curve Law, there are cases when it fails to 

find the optimum UC, so can the Settlement Goal fail. However, one advantage of 

Lagrangian Relaxation is that, although it does not always h d  the optimum UC. it 

does provide an upper bound on the diElerence between the found UC and the 

optimum UC. This upper bound is cded the  duality gap CM). in those cases where 

the duality gap is large, we suggest a way to fZnd a better solution closer to the 

optimum. 

3.1 Unit Cornmitment and the Switching Curve Law 

The Switcfung Curve Law, derived fiom the solution of the UC problem through 

the Lapangian Reiaxation technique, is presented in this section. UC is a traditional 

tool in regulated power systems which schedules generators to meet load at the 

rninimum generation cost. Mathematicaiiy, UC can be formulated as a cornplex. 
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,nixe& uiteger. non-linw progranunhg pro blem that çonsists of scheduling the on/off 

 noc ci es of available generators in the po wer system over the planning horizon. From 

an rinaiytic point of view, UC can be solved when a switching-on condition. caiied 

the  Switching Cuve Law. which governs the switching mechanism of generation 

units, is found to be true and is apptied [3-11. 

The static UC problem can be formuiated as foiiows [3-21: for each t h e  interval. 

rninimize the total cost of generation to rneet the load. Pd. and to satisw the 

minimum reserve margin. R. This formulation is termed the prima1 problem, 

Minimize ui Ci ( Pi ) 
n.L i =  1 

Subject to: 

where u, = 1 when the unit i is on, and u, = O when the unit i is off; C, is the cost 

function of generator i; Pi is the real power output of the generator i; Pi"" and Pim 

are the generator output lirnits. 

The Lagrangian function is defined as foiiows: 



where J. and cr are the Lagrange multipliers for the system bod and the reserve 

constraints respectively, 

The dual probtem (DP) is then: 

The solution of the DP involves two steps. The first, known as the Relaxed 

Primal Pro blern (RPP), rninirnizes the Lagragian function with respect to the vectors 

P and u. This minimum can be proven to be a lower bound of the optimum total - 
generation cost in the prima1 problem [3-3, 3-41. The second step in equation 3.4 
C 

maximizes the L a p g i a n  over the Lagrange multipiiers aand A, h d i n g  the highest 

lower bound to the optimum of the primal problem The solution of the RPP can &O 

be, in turn, deçomposed into two problems. One is the weli-known econornic 

dispatch which rninimizes the operation cost to find the optimal generation e as a 

funclion of E, with fyced y. The second sub-problem rninimizes the operation cost 

with respect to the unit cornmitment combination, u , after replacing by B A ) ,  for 

3 specified pair of Lagrange multiplies (a. A). This sub-problem is formulated as: 
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For each unit i, we define a switching Function: 

From equations 3.5 and 3.6, since ui can take only two values ( O or 1 ) the 

foilowing conditions to h d  the optimum unit commitrnent combination must be 

true [3- 11, 

The conditions stated in equation 3.7 are known as the Switching Curve Law. 

The cuve dong which the switching function is equal to zero is caiied a Switching 

Curve [3- 1 1, 
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Since various rnodels c m  be used to approximate the actual running cost of a 

generation unit, the shape of the Switching Curve will dso depend on the chosen 

rnodeL For the Willans' Line mode1 as described in equation 3.9 and Figure 3.1. the 

corrzsponding Switching Curve is shown in equation 3.10. Figure 3.2 is an example 

of several Switching Cumes fkom a numerical simulation. 
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From equations 3.6 and 3.8 the common propenies of the Switching C w e s  

follow [3- 11: 

1. The Switching Curves are continuous over the a-l plane. 

2. The Switching Curves are conposd of several segments, (four in the case of 

the three-piece Willan's Line rnodel). 

3. Since ail segments have negative slopes, a decreases rnonotonically with 

increasing A. 

1. The a-axis intersect occurs at the non-negative value. q, given by 

5. The A-axis intersect occurs at the non-negative value, Ai , which coincides 

with the  minimum average cost. 

From the delkition of the Swi tchg  Curve shown in equation 3.8 and Switching 

Cume Law shown in 3.7 , we get: 
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Assuming that there is no reserve requirement in the system, Le. a = O, equation 

3-12 states that the unit should be turned on if its average cost is less than the system 

incrernentai cost and off if the average cost is greater than the system's incremental 

cost. I t  can be easily shown that, for a genset, the point where the average cost 

equals the incremental cost, coincides with the minimum average cost point or MHR 

(see appendix 3.2). 

3.2 Link Between the Goal Program and the Switching Curve Law 

As mentioned in the last section, one of the goals of the EWPP bidding rules is 

to do a preliminary schedule and dispatch of the generation to rneet the forecasted 

demand at minimum cost to the POOL This problem is essentiaiiy a static UC pro blem 

and therefore the Switching Curve Law applies. 

From the EWPP dispatcher's point of view, the bidding prices and availabilities 

from the gensets can be treated as the cost functions, so that the dispatcher can make 

a prelirninary generation schedule by solving a static UC problem Later in this 

section, the solution of the UC problem through the S w i t c b g  Curve Law wiii be 

compared with the EWPP schedule. 

The Switching Cume Law helps to explain the switching mechanism in term of 



A and a, that is. the system incremental cost of the load and reserve respectively. 

However. it k more cornmon to spec@ load and reserve (Pd, R )  instead of (a, A). As 

it wiU tx shown in thjs section. the Switching Curve Law can be defined either in the 

(u. A) plane or the (Pd, R )  plane. 

Consider the case when there is no spinning reserve constra.int. i.e. aequai to O. 

When the load increases from zero to the maximum system capacity. A increases Ero m 

zero to its h u m  and generators wiii be turned on in the sequence of 1, 2. 3. 5, 

3 (see figure 3.2). Mathemtically, the relation between Pd and A can be expressed 

as a non-decreasing monotonie function of A: 

where P,(A).  which is a function of A .  c m  be derived fÏom equation 3.9 and be 

expressed as: 

P i ( A )  = P" 

Pim 5 !',(A) PASi 
Pi(A) = PB,j 
PB*; 2 /',(A) i P,.; 
P,(A) = Pci 

PCi 5 P,(A) 5 P y =  

P A )  = P" 

S ince A is the SMP, equation 3.12 represents the behaviour of S MP versus load. 

Applying this equation to the data h the appendix 3.1. we get the sarne generation 



schedule (see figure 3-31 as the EWPP schedule. In this figure. the total generation 

increasls in discreet steps when a new segment is added or a new genset is turned on. 

Ln section 3.1, it is s h o w  that the A-axis intersect of the Switching Cuve occurs 

at the non-negative value Ai, which coincides with the minimum average cost. In 

O ther words. the Switching Curve Law for the system with zero capacity margin can 

be rewritten as: ''The unit should be on/off if the system incremental cost is 

highedlower than the MHR point ," which. in essence, is the same as the EWPP 

ment order approach. Therefore, the Switching Cuve Law analyticaiiy explains the 

nature of the Settlement Goal heuristics. 

The EWPP heuristics does not take the system reserve margin into 

consideration. Using the Switchîng Curve approach instead of the EWPP rules 

0 4  
, ,Po; , . , Lord (MW) 

m 7 œ a r I ) o  

Scuedule Generation = Demrnd 
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would permit us to find the generation schedule for the system with spinning reserve 

rcsquirements (a > 0). 

3.3. Improvement to the Switching Curve Law 

I t  was found through numerical testing that the optimum combination of the 

committed units does not always coincide with the order specified by the Switching 

Curvc Law. This discrepancy, if it occurs, usually happens between the last generator 

turned on and the next one in the Switching Curve order. The foiiowing gives a 

physical explanation of this kind of inaccuracy. 

For simpiicity, consider the case when system reserve margin is equal to zero (a 

= O). Suppose the total generation output is P=P, ; the system incrernental cost is 

A=J(,. ,.and A, is veryclose to Ai (i =3 in figure 3.2) correspondhg to the minimum 

average prke of generator i. Let the load increase by AP such that the to ta1 dernand 

P,) + aP cannot be met if A c A, . According to the S witching Curve Law. generator 

3 should then be turned on. Once this new unit is on. the econornic dispatch 

determines a new system incrernental cost. A =A'. It rnight happen that A'< A,. 

meaning that generator 3 works in an uneconornic status where the unit average 

price is higher than the system incrernentai price. Therefore. the unit cornmitment 

should either rely on the previous corranitted generators or skip generator 3 and 

xÿrch m n g  the remauùng ones. Altematively. if we tum on generator 5 (see figure 

3.2) which is on the nght side of pnerator 3 in the Switching Curve order. the new 

system incrernental cost. A =A". might be higher than A,. in which case, generator 

5 is working in an econornic mode (AP, < IP,). 

The foiiowing is an example of the above discussion. Figure 3.4 shows the 



average pririe (AP) and incrermntal price (P) curves of two neighbouring generators 

i and j. Aiand Ai are the MAP of units i and J respectively. Pi and P, are the 

correspondhg power outputs. A' is the system IP determined by the economic 

disppatch if unit i is tumed on, while 1'' is the system IP when unit j is on. It can be 

e n  that if the power output of units i and j varies between the interval fkom P, to 

P l .  it is more economic to turn on generator j instead of generator i because its IP 

is greater than the AP in this interval. 

An improved unit cornmitment using Swi t chg  C w e s  can be obtained by 

rtdding to the algorithm another search whkh tests the extra combinations obtained 

by interchanging the neighbours of the last committed unit. 

Since the  nature of the Settlernent Goal is basically the Switching Curve Law, 

the  EWPP prelirninary schedule Mght also deviate fiom the optimal solution. 
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Consumer Payment 

As shown in chapter 2. the derivation of the SMP needs two steps. First, the 

EWPP uses the GOAL program to generate preliminary unconstrained schedules. 

from which the winning bidders are selected. Then. the EWPP calculates the SMP. 

using the Table A/B method. Several questions arise f?om the above procedures. 

What is the optimum method to calculate the SMP? Does the GOAL program $ive 

the appropriate set of winning bidders in terms of pool payment minimization? What 

is the objective of the Table A B  method'! What is the logic behind it? Are there any 

aiternative approaches to replace the EWPP approachs? These questions WU be 

answered in this chapter. 

This chapter is organized as foUows. The mathematical model for the SMP 

caIculation is fkst estabiished in section 4.1. Then in section 4.2 the solution given 

by the EWPP GOAL program is ccrnpared with the exact solution given by the 

rnathernatical model. The Table A B  method is exarnined in section 4.3 to explain 

how the rnethod achieves its objective. Section 4.4 shows how the Table A B  method 

is refined for sorne special circurnstances. Later, the discussion is extended to 

consumer paynent minimization with average cost pricing in section 4.5, which leads 

to the question of cornparison between marginal cost pricing and average cost 

pricing. This question wiii be discussed further in chapter 5. Finaiiy, two numerical 

simulations are presented in section 4.6 to üiustrate the conclusions of section 4.2 

and 3.3. 

Before we start the discussion, several terrns used in this chapter are defined. 

First. we define the no-load and start-up (NS) cost. The no-load costs refer to the 



fixed gneration cost net related to the output level. and the start-up cost is the cost 

associated with generation st- up. As shown in section 2.4, the genset bidding 

prices include three pans: a) stm-up price in f per stan, b) no-load pnce in f per 

hour and. c) energy production price or incremntal prîce in f per MWh. The first 

two cost elemenu are denoted by the term "NS cost." In addition. since the bidding 

prices can be considered as costs from the pool's point of view, the words "price" 

and "cost" are interchangeable in this chapter. referring to the bidding price. 

4.1   ma the ma tic Framework for SMP Determination 

One important funstion that the EWPP perfomis d d y  is to determine the SMP 

t'or every Settlement Period Duration (SPD). Mathernatically, this function c m  be 

formuhted as an optirnization problern whose objective is to r n h h k  the total pool 

payment, subject to severai consnaints. Besides the physicai constraints shown in 

equation 3.2, the EWPP must also satisfy an economic constraint, narnely, the 

payment adequacy constraint (PAC). This constraint guarantees that the winning 

bidders receives a total payment at least as high as specified in the offer files over the 

w ho le scheduled horizon. 

The EWPP pays ail wi-g bidders one price, the SMP. Therefore, how to 

calculate the SMP is very important for pool payment rninimization. As shown in 

chapter 2, the SMP is the highest Genset Price (GP) frorn those gensets labeiied as 

flexible. The GP consists of two elements, whkh are the incremental cost 

conesponding to the output level, the pnce elernent related to the NS cost. The first 

elernent, the incremental cost, indicates that the EWPP employs the incremental cost 

pricing policy. The second element is included in the GP to s a t i a  the payrnent 

adequacy constraint since the average price of some gensets may always be greater 

than their incremental price. 
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It should be noted that the PAC ensures aU winning bidders get enough 

reimbursemnt to recover their cost during the entire scheduled horizon. However, 

the PAC does not s p e c e  rhat the cost incurred during a period must be paid back 

during the sarne period. Therefore. how to aiiocate the total N S  cost during the 

whole schedule horizon becomes a problem To solve this problen a new 

o p t ~ t i o n  variable, NS. the NS cost ailocation variable. is then introduced into the 

optimizarion problem 

S ummanting the above ideas, the SMP determination (S MPD) pro blem can be 

formulated as: 

Min SMP; x Pd. 
UIJ .P tJ  JS1.I ; = 1  

SMP, = M a r  (GPi.,xUi,,) 
1 

Subject to: 

for al1 period j 

for al1 period j 

( U ,  - U , )  U ,  Si for ail genset i 
,=O 

where subs~~ ip t  i and j refer to genset i and rhedule period j; U,., is the UC variable; 

P., is the scheduled generation variable: NS,., is the NS cost ailocation variable: T is 
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the number of the shed& periods; GP,., is the genset price; Pd is the system load; 
J 

IC,., is the incremental pnce corresponding to PL; AT is the schedule period 

duration. which is a half h o u  in the EWPP: Pim" and Pi- are the genset output 

iimits: N, is the no-load cost; S, is the start-up cost; both Ni and Si are specined in the 

offer file of genset i .  The constraint expressed in equation 4.4 ensures that the NS 

cost wiil be recovered during the whole schedule penod. 

The S MP detemination pro blem defined by (4.1 ) is a highiy cornplex integer 

rnùiimax optirnization problem To simplify the computation. the EWPP divides the 

pro blem into two subproblems, and uses heuristic approaches to solve them The first 

subproblem is to select the winning bidders ( S M )  and to allocate generation to each 

w-g bidder, and the second is to calcuiatc the SMP. Does this sllnplined approach 

give a good solution close to the exact optimum solution'? This question 

The Original Problem: The gWPP #houid detemine 
the SMP for rvery h a ~ h o u r  to miniriiim the total 
pool payrnent mer  the entire rchrdulrd kawon. 
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will be answered in following sections. The exact solution is cornpared with the 

solution of the first subproblem and the second subproblem in section 4.2 and 4.3 

(see figure 4.1). The cotnparisons show that the simplifîed approach gives a solution 

quiet close to the exact solution. 

4.2 Seiection of the Winner Bidders 

To solve the S W B  problem, the EWPP uses the GOAL program to generate 

prelirninary schedules. bom which the winning bidders can be selected. 

Essentially, the GOAL program solves an UC problem, whose objective is to 

minirnize the generation price, that is, XI: UGCi(P$. This objective does not 
j i 

necessarily coincide with the objective of the S MP determination pro blem, which is 

to rninimize the total pool payment, ui other words. CSMP. P . Thus, the EWPP is 
J J 

supposed to solve a given problem (SMPD probled,  but it solves another ( S m  

pro blem) instead. Do these two problerns have the same solution? If the solutions of 

the  two problerns are different, how large is the difference? To answer these 

questions, we analyse two circumstances. narnely, a static example, the other 

dynamic. 

First, let's consider the static case, that is, to compare the solutions of the two 

pro blerns in one period. As sho wn in chapter 3, the S WB pro biem is solved through 

a modified merit-order-List approach. In t h  approach, the generation capacities are 

committed in increasing order of the incremental price or Minimum Heat Rate 

(MHR) until the systein load, P, is met. Let us define the corresponding incremental 

price or MHR as the system price (SP). In essence. the SP is the minimum possible 



~ * c e  whose cumul;iave associated gneration is equal to the system load. Therefore, 

the SP cquals the system incremental pnce resulting bom the SMP determination 

pro blem in the static case, the wuining bidders and the generations aiiocated to each 

winning bidder resulting fiom the two problems are equaL 

Dvnamic Exam~le: 

Then, we analyse the dynamic case, that is, to compare the solution of the two 

problems over more than one period. Without considering the NS cost, the two 

problems also give the sarne solutions. However, when we take the NS cost into 

consideration, the solutions given by the two problems might bc difTerent. The 

foilowing gives an intuitive understanding of this conclusion through an example. 

Suppose the system load îs 800 MW during period 1 and 1000 M W  during 

period 2. A cheap genset produces 600 MW. supplying the base load. The remaining 

load. 200 MW in penod 1 and 400 MW in penod 2, is to be supplied by two other 

gensets in cornpeation with each other, G 1 and G2. Assume the bid prke is A + BP, 

for G 1 and is C + DP2 for G2. Let the start-up prices of both gensets be very high, 

which rneans that only either GI or G2 will be selected for both periods. If the totai 

generation cost of G1 over the two periods is less than that of G2, that is, 

2 C,(P,.J 5 Z C2(P,.j), G 1 should be selected as the winning bidder according 
;= l .  2 i.1.2 
io the S WB soiution. However. according to the SMPD solution, it is possible that 

the total pool payment of running G1 is greater than that of running G2, and 

therefore G2 should be selected. in this example, according to the SWB solution. the 

criteria for selecting Gl is 2A + (200 + 400) B < 2C + (200 + 400) 0, while the 

criteria is(B + 2A/400) x 1 0 0  + 800B < (D + 2C/400) x 1000 + 8000 

xcording to the SMPD solution. These two different selection criteria may result in 

different winner bidders. The essence of the above analysis can be summarized as 
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follows. The most expensive winning bidder, the SMP taker, given by the SWE3 

solution. is cheaper in t o td  generation cost than to turn on other gensets. However, 

rurning on this genset may result in higher total pool payrnent over the entire 

scheduled horizon than to tum on other gensets. Figure 4.2 iiiustrates the above 

analysis. Assume that A and C are fixed. If the variables B and D f d  in the area 

below Line 1. G1 is the winning bidder according to the WBS solution; if the B and 

D faii into the area above Line 2, G2 is the wïnning bidder according to the SMPD 

solution- It is obvious that if B and D f d  into the  shaded area, the WBS and SMPD 

pro blem give different winning bidders. 

From the above analysis, we see that the solutions given by the S WB and S MPD 

pro blerns might be different- Ho wever, experience shows that this difference only 

happens to the SMP taker and its neighbouring gensets in the rnerit order k t .  

Therefore. for large system, the exact and the EWPP solutions are quite close to each 

other. 
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4.3. Justification of Table A/B Method 

The E WPP divides the S MPD pro bkm into t wo su bpro blem, the S WB pro blem 

and the SMP calculation problem It is shown in section 4.2 that the S WB problem 

eives a set of winning bidders which may be dinerent fkom the exact solution of the 
C 

SMPD problern However, in practice, this dzerence is n o d y  srnail. in this 

section, we are going to analyse the second subproblem namtly, the SMP calculation 

problern Fust. the exact mathematic formulation û presented, then the heuristic 

method employed by the EWPP, the Table A/B method. is analyzed. 

istri  bution Problem 4.3.1 Formulation of the NS Red 

Suppose the gneration schedule has already been obtained through the GOAL 

program This means that the optimization variables U, and Pi in (4.1) are already 

known. Thus, what remains to be determineci is the NS cost allocation variable, NS, 

Note that this variabk is optirnized to total pool payment rninimization, without 

ai3ecting the generation schedule. This is done by redisûibuting the total amount of 

the NS costs (hed by the U, and P,) over the entire tirne horizon. Then, the SMPD 

pro blem can be formulateci as: 

T 
Min SMP, x Pdj 
NS,, j =  i 

SMP, = Max (GP,.,U,,,) 
1 
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Subject to: 

( U  U , )  U Si for ail gemet i 
/ = O  

The probIem fomuiated in (4.5). although much easier to solve than (4. 1). is stili 

a rninimax optimization problem with high cornputationai complexity. Nevertheless, 

it can be argued that the solution of (4.5) has certain tendencies: (i) From the GP 

definition equation in (4.5). one can see that to avoid high GP value during off-peak 

period. that is, low value of P ,  the optimization variable NS,, tends to zero; (ü) On 

the other hand. during the peak load penods. w here P, is high, NS, can be non-zero 

w it hout excessive increase of the GP. To solve ( 4 3 ,  the EWPP uses a simplified 

heuristic approach called the Table Ni3 method to redistribute the total NS cost. The 

Table A ,  method allocates the total NS costs evenly among all Table A penods (see 

section 2.5 and 2.7). which are basicaiiy peak periods. This method docates zero NS 

cost to Table B (off-peak) periods. In most circumstances, this method ensures that 

the SMP durhg the peak load period is higher than the SMP durhg the off-peak load 

period. It &O gives lower pool payments than those resdting fiom docating no-load 

evenly through the schedule horizon and alocating the start-up cost to the interval 

when the genset is turned on (uniform allocation method) [4-11. 

4.3.3 Corn~arison of Table A/B Method and Uniform Allocation Method 

it  was shown in section 4.1 that the EWPP divides the SMP determination 

problem into two subproblerns, namely, the S W B  problern and the SMP calculation 
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problem Afier solving the SWB problem through the GOAL program, the EWPP 

uses the Table A/B methad to calculate the SMP. However, compared to the uniforrn 

allocation method, the Table A/B rnethod is complex and indirect- Why does the 

EWPP choose this rnethod instead of the more natural uniform allocation rnethod? 

To answer this question. a cornparison between the two methods is required. 

In this section, therefore, the total pool payment resulting fkom the Table A/B 

NS docation mechanism (method 1) is compared with the payment resulting fkom 

the  uniform aiiocation rnethod (method 2). The payrnents are compared during the 

Table A and B periods separately. For simplicity, Iet us consider the case of only no- 

load cost allocation (without start-up cost allocation), and suppose that the offer 

bidding price consists of only one segment: C (Pi) = Ni + biPi, where Ni is the no- 

load cost and b, is the incrernental pnce. 

First, let us compare the payrnents during the Table A periods. During the Table 

A period r. the SMP resulting fiom rnethod 1 (SMP,? is greater than or equal to the 

SMP given by method 2 (SM&'). Since this is true for every s, the total pool 

payment under the Table A B  method is &O greater than or equal to the payment 

under method 2. Suppose G P : . ~  is the genset price resulting fkom method 1 for 

genset i during period r. and GP;.~ is the genset pnce resulting fiom method 2. The 

difference between the genset price and SMP,' cm be defined as: 
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where the Table A periods set is TA, and the Table B periods set is TB, 

Grnerally. SMP,' is relatively high since some expensive gensets are turned on 

during the peak load periods. Hence. ASMP , ' is less than zero for most gensets. 

Nonnaliy. the ciifference between GP and GP:, -. for an expensive genset i is very 

smail since genset i only operates for iimited periods, and may o d y  operate during 

the Table A periods. Therefore, in those cases when ASMP,'is greater than zero, it 

is very s m i i .  

~Uoreover, the différence between SMP,  ' and SMP,' can be expressed as: 

The total payments difference between rnethod 1 and 2 during aii Table A 

periods is: 

APAY, = C ASMP 'pi = C ~ ( 0 ,  ~ ~ x ( A s M P , * ) )  P,' 
CG TA CE TA (4.9) 

1 

Since ASMP,' is either less than zero or very s r n a  the difference of the total 

payments r e s u i ~ g  fiom the two different rnethods, M A Y , ,  is small during Table A 

periods. 

Next, we made cornparison during the Table B penods. Since in method 1, aLl 

NS costs are aiiocated to Table A penods. the total payment resulting fiom rnethod 

1 is less than or equal to the total payments given by method 2. The pool payment 

difference over entire Table B penods consists of two elements, whkh are the no- 

load costs during Table B period and the difference caused by hcrementd price 
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differences. N o M y ,  the second item is trivial. The difference can be formulated as: 

Generaily, fdPAY,I is very SITU& while /dPAYBI is relatively large since gensets 

turned on during Table A periods are also Likely to be turned on during Table B 

periods. That explains why the Table A/B niethod results in lower total pool payment 

than the one resulting fiom the uniform docation rnethod. A numerical simulation 

is presented in section 4.6. 

1.4 Refinement of Table A/B Method under Special Circumstances 

As mentioned eartier, the Table A/B method predetermines the NS cost 

allocation by basicaiiy aiiocating the NS costs to peak load periods. This rnethod is 

simple, but must be refined for sorne special circurnstances. One is when a genset is 

turned on and off during Table B periods. and it never gets a chance to operate 

during the Table A period. Therefore, the genset does not get NS cost 

reirnbursement through the Table A/B method. In this case, a side payment rnust be 

made to satisfy the payment adequacy constraint. 

Another special case is that of a genset set to pulse operation, that is, to start 

during one period and shut down during the next period. (See Figure 4.3) 

From equation 2.1, we know that the genset price (GP) is very high in this case 

because the scheduled generation, that is, the shaded triangle area in figure 4.1, is 



Scheduled output level 
MW 

smatl. Since the SMP is the highest GP, which likely is the GP of the pulse 

operation genset as show in figure 4.3, the GP of the genset probably leads to a high 

SMP and eventually to a high pool payment. To avoid this, the EWPP uses the genset 

offered available energy, Le., the rectangle instead of the triangle area in figure 4.1 

to derive the genset price. The genset receives a side payment to cover its cost. 

4.5. Pool Payment Minimization with Average Cost Pricing 

One of the constraints that the EWPP face is the payrnent adequacy constraint, 

which guarantees that the winning bidders receive total payment at least as high as 

specified in the  offer files. On the other hand. the EWPP also should rninimize the 

cost to the pool. These are the two faces of one coin. The Table A/B method is an 

appro ac h which successfuily decreases the pool payment while satisfjmg the 

payment adequacy constraint. In t h  section, we Iook further other approaches for 

pool payment minimization. 
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The S M P  is the highest Genset Price (GP) fhm those gensets IabeUed flexible. 

The GP includes two pms.  which are the incremental pnce and the price element 

corresponding to the NS cost allocation. It has k e n  proposed that if we rephce the 

tüst price element in GP, that is, the incremental price, with the corresponding 

average price with zero NS cost allocation, the total pool payment may be lower than 

the one resulting fiom the EWPP method. This idea is due to S. Hao in [4.1], and cm 

be formulated as foiiows: 

Min Z S A P ,  x Pd; 
u,., . P t . ,  .m., ;=1 

SAP,. = Max (GP,.,x U,.,) 

Subject to: 

C q. ;p i , ;  = Pd; 
i = l  

for al1 period j (4.12) 

for al1 pen-od j (4.13) 

( ( i . . , ~ l - U i ~ ; )  Ui.,+l Si for al1 genret i 
;=O 

where SAP, called the system average price is the price in £/Mwh paid by the pool to 

each winning bidder; AC,., is the average pnce corresponding to Pi., with zero NS 

cost allocation. Note, the only dserence between (4.1 1) and the general formula of 

the EWPP problem in (4.1) is in the derivation of the GP. SAP is the counterpan of 
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the SMP in the EWPp approach. The expectation of thIs approach is that SAP will 

tx: less than S MP. 

S ince each genset xheduled on WU receive the highest GP (average price and 

the pnce element associated with the NS cost allocation) among ail winning bidders, 

the payrnent adequacy constra.int is automaticaliy satisfied. Moreover, this method 

induces lower pool payment than the EWPP approach because the average price is 

dways les  than or equal to the incremental price for those gensets that have convex 

cost curves and zero NS cost allocation. As üke the EWPP method in (4.3, the 

presented approach Aocates most of the NS costs to the peak periods. Therefore, 

the price in peak periods is higher than the prke during off-peak periods. The 

question is whether the rnethod described during equation 4.12 (method 1) is better 

than the method adopted by the EWPP (method 2). To answer this question, we 

shouId compare the average cost pricing policy (method 1) and the incremental 

pricing poiicy (rnethod 2). 

In a pure cornpetitive environment, that is, one where each market participant 

does not have enough market power to influence the market price, if the bidders 

employ the same bidding strategy, it is true that method 1 is better than method 2 in 

payrnent minimization. However, as it wüi be shown in chapter 5, the equal bidding 

suategy assumption does not hold since an "invisible hand," the market forces, may 

induce bidders to adopt different strategies. Therefore, the statement " rule i is better 

than rule 2" is problematic. The cornparison between the average cost pricing and the 

incremental pricing is a big topic and it wiü be presented in more detail in chapter 5. 

In addition, under a duopoly environment, Like the EWPP, where there are 

sriverd big players who have enough market power to affect the market clearing 

price, r-nethod 1 is more vulnerable to bidders' collusion and gaming behaviour than 
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inethod 2. A detailed discussion will also be presented in chapter 5. 

4.6 Numerical Simulation 

4.6.1 Numerical Simulation for Section 4.3 

Section 4.2 shows that the solutions given by the SMPD and SWB problem 

rnight be different. The foiiowing simulation demonstrates the above result. 

We use a three-genset system as an example. Suppose the cost function of the 

gensets are formulateci as Ci(Pi) = ai + b<P,, and the start-up cost is Si. 

The gensets bidding prices are sho wn in table 4.1 and the system load is sho wn 

in table 4.2. The SWB solution is &en in table 4.3. The solution given by the SMPD 

problem is shown in table 4.4. The pool payments given by different caiculation 

mthods are shown in table 4.5. 



1 Load (MW) 1 1000 I 800 

II 1 SWB solution 1 SMPDsolution II 

Even NS allocation 1 7 3000 1 NIL 1- 

In this example, the criteria for selecting G 1 according to the SWB solution is 

2A + (200 + 400) B < 2C + (200 + 400) 0, which is true in this example as 

- -- 

144000 

NIL 

Optimal NS allocation 

Table A/B Method 

145000 

145000 
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4900 < 1 14000.Alternatively, the criteria for selecting G2 according to the S MPD 

solution is ( B  + ZA/400) x 1000 + 8006 > (D + 2C/400) x 1000 + 8000 

which is ais0 mie in this example as 145000 > 144OC)û. These two different selection 

criteria result in different winner bidders. 

4.6.2 Numerical Simulation for Section 4.3 

Section 4.3 shows that the total pool payment resulting fiom the uniform 

aiiocation method is higher than that resulting fkom the Table A/B rnethod. The 

foliowing example dernonstrates the result, We use a 4-gensets system as an example. 

Each genset submits a bidding price in the form of Ci(Pi) = NL, + bi x Pi. 

The gensets bidding prices are shown in table 4.6 and the system load is shown 

in table 4.7. The Table A/B ciassification is shown in table 4.8. The generation 

schedule @en by the UC solution is shown in table 4.9. Table 4.10 and 4.1 1 shows 

the system marginal price resulting fkom the Table A B  rnethod and uniform 

allocation method. Table 4.12 shows the total pool payment resulting fiom the two 

rmthods. Table 4.13 shows the value of M A Y A  and M A Y B  in equation 4.9 and 4.10. 



Tirne 

Load (MW) 

O -- 4 

600 

4 --- 7 

800 

7 --- 9 

1200 

9 --- 1 1 

800 

1 1  --- 12 

6 0  
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I I  Table N B  Method Even Allocation Method II 

II APAY, (£) I APAY, (f) Il 

Tables 4.10 and 4.11 show the SMP under two mcthods. It shows that the SMP 

resulting from Table A/B rnethod is higher than or equal to the S MP resulting from 

uniform ailocation method during the periods ciassifieci as Table A, and iç Io wer than 

the SMP resulting fkom the uniform allocation rnethod during the periods classified 

as Table B. 

Because of the unifon pricing, every winning bidder receïves the highest system 

inmemental pnce and the NS cost allocation. The gensets whose marginal price plus 

NS cost allocation is lower than the SMP can ôe jestingly considered as "fkee 

loaders." The Table A /B mthod excludes the chances for "kee loaders" during 

Table B periods while the unifonn allocation method does not. That is another 

explanation that the Table A/E3 rnethod results in lower total pool payment compared 

with the uniform allocation rnethod. 
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Chapter 5. Marginal Versus Average Cost Pricing 

Basically. the EWPP ernploys a rwginal cost pricine policy. It was sho wn in the 

iast chapter that paying the system average pnce (SAP) instead of the SMP to aii 

winning bidders WU decrease the total pool payment if bidders use same bidding 

strategies under the two different rules. In other words, adopting the average cost 

pricing policy wili result in a lower pool payment, in this chapter, it wiU be shown 

that under these two dBerent rnethods, bidders wiii tend to use different bidding 

strategies so that the total pool payrnent under average cost pricing may in fact be 

higher than that under marginal cost pricing. 

This chapter is arranged as foliows. In section 5.1, the term "bidding suategy" 

is defineci and the objective of bidders is formulated. Then in section 5.2, the bidding 

behaviour under marginal and average cost pricing policies are analysed and 

compared. The reason for using marginal cost pricing policy is also presented in this 

section. I t  wiil tx shown that under average policy, bidders tend to restrict their 

offered generation availiibilities when compared with the marginal cost pricing. The 

restriction of the availabiiity offer wiü increase the Capacity Elemnt (CE) payrnent 

and faciiitate the garning behaviour of those who have notable market power. In 

section 5.3, the discussion is extended beyond the poolco model to the bilaterai 

CO ntract negotiation model. We use an example to show that by setting the price 

betwecn the average and the mginal cost, a genset can rnake more profit by gaining 

more market shares. O n  the other hand, decrease in price by one genset WU induce 

a price decrease by the others, leading to a price war. in section 5.4, we use Garne 

t heory to analyse the price war phenornenon. We also apply our conclusion O btained 

tiom the bilateral negotiation mode1 to the poolco mode1 to show that the gensets 

who rnake zero or very smaH profit under average cost pricing w u  increase their 
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bids. and finaiiy increase the total pool paymnt. 

5.1 Bidding Strategies and the Objective of Bidders 

The bidding strategy is the particuiar plan of one bidder to make maximum profit 

from the auctions. There are many possible bidding strategies. For example, one 

bidder may offer a price according to his / her cost, or he or she rnay bid according 

to his / her expenence in previous auctions. in the EWPP, a bidder, that is a genset, 

has two weapons to compete with other pool participants, bidding prices and the 

amount of power he or she wishes to sel. Bidding strategy refers to the strategic use 

of these two weapons. ui other words, a b'idding strategy helps the bidder decide how 

to offer pnces and generation availability. 

N o d y ,  there are two criteria that a bidder must comply within selecting the 

bidding strategies. First, a bidder must maximite his / her profit. Second, if a bidder 

wins the auction (one or a &es auctions), that is, ifa genset is selected to supply the 

load, the generation cost must be recovered by the revenue. It is possible to 

approximately formulate the above criteria as foiiows. Ignoring the Capacity Element 

(CE) as weli as the uplift and using uniform pricing, the bidding strategy selection 

pro blem for bidder 1 becorne: 

subject to, 



-al Versus A . . 
ver= Cost Pncrng 

where subscript i and j refer to bidder i and period j respectively, GA representes the 

Genset Availability O ptimizatio n variable; BP. the Bidding Price. is a functio n of the 

output power P and can be specified by eight pararrieters in the EWPP (see section 

2.4; U and P are the unit cornmitment and generation variables which c m  be O btained 

from the prelirninary generation schedule made by the EWPP according to the Ioad 

forecasting and aii bids; MCP is the market ckaring pnce, that is, the uniform prke 

each winning bidder receives from the pool; MCP can be the system marginal price 

(SMP) or the System Average Price (SAP). depending on which pricing policy is 

adopted; Finaiiy, C(P) is the cost function of bidder 1. 

h auction system like the EWPP's is a competitive systern, therefore, a bidder 

cannot completely control his / her profit. Every bidder faces two kïnd of restraints, 

physical anci ecomrnic resnaints. The physical restraints refer to the f5m's maximum 

output level and other power system constraints. The economk ones mean that 

amount of power a bidder c m  seii to the pool is not detennined by bidder himself / 

herself, but the pool. How the pool selects the winning bidder and how it calculates 

the  MCP wiiJ definitety affect the bidders' choice of bidding strategies. 

5.2 Bidding Strategy Under Average and Marginal Cost Pricing for 
Pure Cornpetitive Environment 

In this section. the average and marginal cost pncing are defked and their 

properties presented. Finaiiy, the bidding strategies Likely adopted by bidders under 

these two policies are analysed. In this section, we only consider the case of a pure 

competitive market in where a i i  market participants are so small that their individual 

influence on the MCP can be neglected. We conclude that under average cost pncing, 



the bidders rnay resnain their maximum generahon availabüity, that is. the gensets 

rnay not offer their maximum generation. 

if the cost funçtion of genset i is C,(Pb, under the average cost pricing the genset 

is paid at the rate of SAP. CCi(Pi) / ZPi , while under the marginal cost pricing the 
I l 

genset is paid at the rate ofd  C',(Ph / dPi or SMP, d 8C, (P i ) /d  ZPi . In the uniform 
L 1 

auction systems, every winning bidder receives SAP under the average cost pricing, 

in contrast to receiving SMP under the rriarginal cost pricing (see section 4.5). 

P r o ~ r t y  1, Average cost pricing guarantets that the generation cost is covered 

thro ugh the price. This property is obvious. 

Pro~er tv  2, For the EWPP, Marginal cost pricing also guarantees that the 

generation cost is covered through the price. Since in the EWPP, winning bidders 

who are selected to supply the load oniy work at the status where the average cost 

is less than the marginal cost, receiving the marginal cost price ensures that the 

winning bidders can make profit. 

Pro- Marginal cost pricing also guarantees that the greater the output, the 

ereater the profit. Proof of the above property is as foiiows. 
C 

Supposing II is the profit. under marginal cost pricing, 
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The first derivative of II over Pi is: 

if the f k t  derivative of profit is greater than zero, the more a genset produces, 

the more profit it gains. When the cost function is a convex curve, equation 5.4 is 

always greater than zero. The Wians' Line defined in section 2.4 is an example of 

a convex cost c w e .  

. . .. . 
5.2.3 Ridding Strat- U e r  the Two Pnciv  P o u  in a PUCeçPmPetitivg 

Environment 

We first define a "pure competitive environrnent" as one where aii market 

participants are sufkiently s d  so that their innuences on the market clearing price 

(MCP) can be neglected, that is, any individual bid change does not affect the MCP. 

Another expression to describe this environment is that each player is a pure MCP 

taker. 

It fias k e n  proved by David F i e y  and George Gross in [S- 1] that under 

uniform marginal cost pncing mies and in a pure competitive environrnent the 

optimal bidding suategy for an individual bidder is to bid at its generation cost and 

at its maximum availability. 



Hsre is proven that under unifonn average cost pricing d e s  and a pure 

cornpetitive environment, the optimal bidding strategy is also to bid at generation 

cost. This result can be proved shply by the contradiction. 

Fust. suppose that the bidder b i s  higher than its cost. Since bidding higher than 

cost does not ;iffèct its generation cost and the MCP, the profit is also not increased 

compared to bidding at cost. Thus. bidding higher than cost only increases the risk 

of not king successful in the auction, that is, bidding higher than the generation cost 

oniy increases the probabiiity of not king selected to supply load or king selected 

to supply les than desired. Aitematively, suppose the bidder bids lower than its cost. 

Since the MCP and generation cost is fixed, bidding lower than cost will not result 

in higher profit compared to bidding at cost. Thus, bidding lower than cost only 

increases the risk of losing rnoney. Consequently, since either bidding higher or lower 

than cost both result in a negative impact on profit, the optimum bidding strategy is 

to bid at cost. 

Under the uniforrn mgina i  cost pricing rules the optimal bidding strategy for 

an individual bidder is to bid at its h u m  availabiity. However, under the average 

cost pricing policy, the optimal bidding strategy is not to bid at its maximum 

generation availability. The reason is that with marginal cost pricing the greater the 

output the greater the profit, whiie under average pricing the above property does 

not hoid. To prove t h  statement, suppose the cost function of genset i is formulated 

as a piece-wise hear equation, and the minimal average pnce coincides with P,. 

whic h is a value not equal to the maximum output, P"" (see figure 5.1 ). In the case 

that the MCP is lower than the average price correspondhg to the maximum output 

leveL A F .  genset i is selected to supply the load at the output level of P* if it bids 

at its maximum availability, F. Thus, since MCP equals the average cost at its 

output level P*, genset i makes zero profit. However, if the genset offers an 
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availability of P, instead of P"". it can stiii make a profit equal to 

P, x (MCP - A P , )  as shown in figure 5.1. if the cost function is formulated as a 

piece-wise linear equation with zero NS cost aliocation or as a quadratic, the bidder 

aIso does not bid its maximum availability in the circumstances rnentioned above. 

Figure 5.2 and 5.3 iiiustrate the above statement. AU legends in figures 5.2 and 5.3 

are the  same as 5.1. 

The imrmdiate impact of this optimum bidding strategy is that the total system 

avaiiable generation capacity is decreased, and therefore, system realizability 

deteriorates. The indirect impact is that priçes wiU increase. As shown in section 2.7, 

the EWPP electricity price consists of four elernents, narnely, system marginal price 

(SMP). Capacity Element (CE), uplift, and transmission losses price. The CE is 

worked out by the NGC through a complex formula (see section 2.7). The basic idea 

is ro pay more while the spare capacity, i-e. the system capacity less the demand, is 



O Power output MW 
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small and pay less when the spare capacity is large. Clearly, the less the system 

available generation capacity, the iarger the CE 

Hence. under uniform average cost pricing in a pure cornpetitive environment, 

t h e  system operates under a less reiiable condition compared to uniform marginal 

cost pricing. In addition, because of the lower availability, the pool pays more CE 

prices to the bidders. In a duopoly erivironment where two market players have 

notable market power, things are even worse. Since bidders tend not to bid their 

maximum availabilities, duopolists have an even greater market share compared to 

the case under mginal  cost pricing. Thus, gaming behaviour and coilusion are more 

iikely to take place. 

In conclusion. the average pricing is not an appropriate method for the EWPP 

auction system For example, the average cost pricing rnethod proposed by Hao in 

[5-21 is not a realistic approach for the EWPP. 

5.3 Bilateral Negotiation Contract Mode1 

In this section, we extend our discussion to the bilateral conuact negotiation 

[nodel. It is weii known that the marginal cost pricing is commonly used in the 

bilateral contract model. What is the logic behind it'? If one market player decreases 

his / her price below the marginal cost, is it possible for him / her to get more profit'! 

If he or she can rnake more profit by decreasing the price, what will the other players 

do? What is the market equilibrium? Al1 these questions will be answered in this 

section, and the result wili be applied to the poolco mode1 in section 5.4. 



In a competitive m k e t ,  the MCP usuaiiy is relatively stable for a certain period 

in a certain area. I t  is possible that some contracts are signed at the price below or 

above the MCP. However, ifthe market is transparent enough, the conuact pnce wiLi 

converge to the MCP in a long m. The MCP is the m k e t  prke equilibriurn Ideaiiy, 

each market player can be treated as an MCP price taker. What is Ieft for each player 

to decide is the quantity of the contract. For exampie, in the eiectricity market, each 

genset must decide the amount of power it wishes to seU. 

The objective of each individual player is to rrraximize his / hcr own profit, and 

can be approximately formulateci as: 

M a  [MCP x Pi - C(P,) ] 
Pt 

where MCP is the market clearing pnce, P, is the quantity variable, and C(P,) is the 

cost function. 

If MCP is fixed, the optimal output level P: happens at: 

It rneans that the rriaximum profit can be gained when the genset produces P: at 

where the marginal çost equals the MCP. That is the theoretical base of marginal cost 
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pricing. 

5.3.2 Gain More Profit bv 

if a genset charges the pnce between its average and marginal generation cost, 

it stU can make a profit since the average cost pricing guarantees that al1 costs are 

reuovered by the price. However, the only incentive for a genset to do so is to obtain 

more market shares so that it can make more profit. In this section, we give an 

exampie to show that a genset can gain more profit by decreasing its price. 

Nonetheless, this kind of behaviour w u  usuaiiy cause a pnce war and eventually 

punish the genset itself. This will be shown in section 5.3.3. 

To üiustrate that a genser can make more profit by decreasing its price, we use 

a small system consisting of one load, LI, and two gensets, G1 and G2, as an 

example. G1 and G2 have same generation cost function: 

C(Pi) = u + bP, + 0.5 C P ; .  Suppose the load of L1 is fixed: Pd = 2 Po , and 

therefore. G1 and G2 both sel  Po to L1 at the price MC, = b + cP,. MC, is high 

enough to satisQ payrnent adequacy constraint (see section 4.2). 

Suppose G1 is not satisfied with the profit it rnakes. It decreases its price 

between the average cost and mginal  cost. Suppose it select to sell PO + AP at the 

rate of PR,. The marginal and the average cost at Po + AP are MC,  and AC,. The 

profit change of G l resulting fiom the price change is (see figure 5.5): 

MCoAP MC,AP 
AProfit = ( P R ,  - M C , ) P o  + PR, AP - - 

= (Po + A P )  ( P R ,  -MC,) - L ( A P ) ~  
2 
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To make Mrofit greater than zero, the following rnust hold. 

PR, t PR,' = c(AP)2 + Mc, 
2 (Po + AP) 

It can be easily shown that PR,' is greater than AC,, since the profit is greater 

than zero. I t  can be also proved that when 2 Po + AP 2 O ,  PR ; i MC, . 

The above shows that G1 can make more profit if it can seli PO + dP at the 

price of PR, to LI. Now the problem is whether L1 wishes to buy dP more from G 1 

at that price. Based on the cost rninimization theory, Ll wilt buy PO + AP fiom G1 

if it can save money. S hce the load of L 1 is fixed, if L 1 buys PO + dP fkom G 1, it 
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w u  buy PO - AP e o m  G2. The cost change, AII, for L1 is: 

An = [MC,  + j [Po +*Pl + [MC, - c A P ] [ P ,  - AP] -2MCoPo (5.9) 
2 (Po + AP) 

Lf AP r 2 P,/3. A n  is kss than zero, which means that L 1 will buy more Born 

Gl.  The above resuit is show in figure 5.6. in the figure, Po equals 100 MW; in the 

shaded area, G 1 can 6nd a price and quantity which b ~ g  more profit to itself and 

L 1 .  The shaded area is cded beneficial area for L1 and G 1. 

However, the problem is not so simple. Please note that the profit of G2 

decreases while L 1 and G 1 make more profit. Will G2 be satisfied? What wiii G2 do 

oext? 1s above status stable? 1s there any mechanism preventing L 1 fiom decreasing 

its price below the marginal cost'? 
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[t is &;u that G2 wili not be satisfied with the condition when G1 decreases its 

priçe. Most kely G2 wiu &O decrease its price. Consequently, both G I and G2 

make less profit compared to the initial condition. This situation is known as price 

war. in next subsections, we are gohg to use garne theory to analyse price war, and 

answer t he  questions in last paragaph. Garne theory is introduced in section 5.3.4, 

and applied to the bilateral contract mode1 in section 5.3.5. 

Alternativeiy, cm Gl gain more profit by increasing price above the marginal 

cost? Suppose G1 inçrease its price to PR2 and seii Po - LW to L l .  The profit change 

of G1 compared to the initial condition is: 

MC, AP MC, AP 
AProfir = (PR2 - MC,)Po  - PR,AP + + 

2 2 
(5.9) 

= (Po - AP) (PR, -MC,)  - ~ ( A P ) '  
2 

To rnake sure that Aprofit is greater than zero, the foiio wing must hold. 

PR, r PR; = c(AP)Z + MC, 
2 (Po - A P )  

Equation 5.10 shows that to make more profit, the genset should increase its 

pnce not only above the marginal cost at Po - LW, but &O above the marginal cost 
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rit P,. Now the question is that whether LI wishes to accept the price change. 

Based on the cost minimitation theory, L1 will buy Po - dP fYom G1 if it can 

Save money. Since the load of L1 is fked, if L1 buy Po - dP f?om G 1, it wiii buy Po 

+ A P  from G2. The cost change, An, for L1 is: 

C ( A P P  ] [Po - AP] + [MC,  + c A P ] [ P ,  + A P ]  -2MC, P, l )  
ln = lMC0 + 2 (Po - *P) 

AII is always greater than zero, which means that L1 will not accept the price 

change. lf the market is competitive, that is, L1 has other choices, L1 will likely buy 

elecuicity fiom other suppiiers. 

Therefore, in a cornpetitive environment, increasbg the pnce above the marginal 

cost usually wiii not b ~ g  more profit unless a genset have a very low cost curve. 

If a genset's generation cost is very low, the genset does not face a competitive 

market any more since there is no price cornpetitor for the genset. Therefore, this 

genset can increase its price above mginal cost. 

Game theory is a theory of rational behaviour of people with nonidentical 

interests. The term "game" refers to a situation d e h e d  by several "niles", and the 

term "play" refers to the particular occurrence of a game [5-31. The term "strategy" 

refers to how a rational player behaves under a specific rule. in another word, the 

game theory can be defined as a theory concerned with the general analysis of 

strategic interaction. The area of game theory application extends considerably 



Ch.5 Mar- Versus A er;Pee Cost Pneu . . 
v 

beyond games in usual senw: it includes. for example, economics, politics, and war. 

The EWPP auction s F e m  can be considered as a g a m  under a rule, the Settlement 

Agreement, and the electriçity generation utilities can be treated as players of the 

garne. 

Strategic interaction can involve many players and many strategies. For 

simplicity, we study the case with finte number of players and strategies, so that we 

can get a payoff rnatrix. It is the easiem way to depict a game. 

Assume that there are ody  two players, player A and piayer B, and each play 

oniy has two strategies, strategy 1 and suategy 2. There are four possible outcornes. 

Player A and player B can each get a payoff matrix. For example, 

The indices of the ma& refer to the strategy the players employed. For 

examp le. in equation 5.1 2. PayofA (2.1) = 200 means that player A gets 200 if player 

A uses strategy 2 and player B uses suategy 1 ; PayoffB (2.1) = 100 mans that player 

B gets 200 if player A uses strategy 2 and player B uses strategy 1. 

if the sum of aii payoff matrices is a aii zero matrix, the game is caiied zero sum 

garne. which rneans that the interests of piayers strictly conflict each other, in other 

words. there are no c o m n  interests among players. If the sum of aii payoff 

rnatrices is a non-zero matrix, the game is a non-zero sum game, which means that 

the players' profits çan coexist somehow. The EWPP auction systern can be 

considered as a non-zero surn game since the sum of the payoff matrices is a non- 
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zero matrix. One of the  objectives of game theory is to find an equilibrium, which 

is a stable status acceptable to aii players. 

tn the above example, we can find a domulant strategy. Player A h d s  that he 

clin dways get more if he plays strategy 2, and play B h d s  that he  wdi get more if 

he always plays strategy 1. So that the game has an equilibrium, in which piayer A 

gets 200 and player B gets 100. 

Ho wever, not ali the garnes have an equilibrium like the above example. Suppose 

the payoff rnatrix is: 

There is no dominant strategy. The optimal choice of player A depends on player 

B's choice, and vice versa. This kind of situation is defined as Nash equilibrium 

which .neans if A's choice is optimal given B's choice, B's choice is optimal given A's 

choice. In equation 5.13, if player A selects strategy 1, player 8 will select strategy 

1: if piayer B select strategy 1, player A will select strategy 1. Nash equiiibrium can 

be interpreted as a pair of expectations about each piayer's choice, such that, when 

the other player's choice is revealed, neither individual wiU change his choice. [5-21 

However, not al1 g a m  have Nash equilibrium and some games have more than one 

Nash equilibrium 

Another problem with the Nash Equilibrium is that it does not necessary lead to 

ri Pareto efficient result. Pareto ef iency is an economic term which means that there 

is no way to change a deal to make al parties better off. Foiiowing is a famous 
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example. I t  k weii known as "Prisoner's dilemma." The payoff rnatrix is: 

The origin of the game is to describe the situation that A and B committed a 

crime together and were caught- The two piayers are qucstioned in two separate 

rooms. if one  confesses the crime and another denies, the one who confessed wiii be 

set fke and another will be sentenced 6 years in jail; if they both confess, they will ail 

be sentenced for 1 year; if they both deny, they will aii be sentenced for 3 years. The 

Nash equilibrium of the game is that A and B confess and both get -3, but the payoff 

is no t the optimal outcomc for them The strategy (conftss, conkss) is not Pareto 

efficient. 

if piayer A and B can coordinatc with each other, the probkm is easy to solve. 

if' ertch of them could trust each other. they will also get better off. If the game is only 

play for o n e  time, there is no way for the two players to build credit on each other. 

The game wiii be most probabiy ended at Nash equilibrium 

However. if the g a m  is piayad for m y  times, that is, it is a repeated garne. the 

players have time to build trust on each other. The "bad" behaviour fiorn the other 

player wiii be "punished" and the "good" behaviour wiii be "rewarded", so that the 

players have enough tirne to establish the bilateral loyalty and end the game in the 

strategy of (deny. deny). 

It had been dernonstrated in a convincing experimnt run by Robert Axelrod [S- 

2 l  He asked a dozen game theory experts to submit a strategy for prisoner's 
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dilemma and ran a "tournament" to test the strategies. The winning strategy, the one 

that gets the highest payoff, is a simple strategy. it is called "tit-for-tat"; it stans with 

denying, on every round afier. it simply copies the other player's choice in the hst 

round. M e n  phyer A adopts the strategy, if B selects confess in one round, A will 

punish B immediately in next round. Simpiy speaking, "good" and "bad" actions are 

"rewarded" or "punished" immediately. Finaiiy, if both player play reasonably, the 

garne wiii continue at (deny, deny) to the end. 

The  prisoner's dilemma applies to a wide range of econornic and politicai 

phenornena. Ln the example in section 5.3.4, "decreasing price" can be interpreted as 

cont'ess, and "keeping the sarne prke" can be interpreted as deny. if G 1 decreases its 

price to get more pro fi^ rnost likely G2 will foiio w the action, and finally G 1 and G2 

will get lower payoff. In a long nui, both G 1 and G2 will realize that the genset w hich 

decreases price wül finaiiy hurt itself as weli as hurt the other, and keeping the 

marginal cost pricing is best strategy for them That explains that why the bilateral 

contract mode1 adopts the marginal cost pricing instead of average pricing. 

5.4 Bidding Strategy Under Average and Marginal Cost Pricing for 
Cornpetitive Environment 

In this section, we are gohg to analyse the bidding strategy under cornpetitive 

environment. Like the pure competitive environment, under the competitive 

environment, there are no players who have notable market sharcs so that he or she 

c m  manipulate the CMP. The difference between the competitive environrnent and 

the pure competitive environrnent is that an individuai bid change may alter the CMP 

under the competitive environment. 
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B a d  on the çost curve, gensets can be classified into three categories. 1. Those 

very cheap O nes which have high pro bability to be seiected to serve the load. These 

gensets are not MCP setter. 2. Those reiatively expensive ones which set the MCP. 

These gensets face tough cornpetition. 3. Those very expensive ones which are 

seldom calied on. The above classification changes depend on the load change. The 

rrensets in the second category face a competitive environment whde the gensets in 
C 

the fîrst and the third do not- 

Under the competitive envuonment and average cost pricing, there is no 

incentive for a genset to decreast the bidding prke under its generation cost. Since 

bidding lower than cost does not increase the MCP, it wiii not result in higher profit 

compared to bidding at cost. Thus, bidding lower than cost oniy increases the risk of 

losincg rnoney. 

Alternatively, there is a big incentive for a genset to bid higher than its cost. 

Those gensets w k h  set the MCP, that is, those gensets in ttie second category, make 

zero or very low profit if they bid at generation cost. These gensets are definitely not 

satisfied with the profit they rnake. Increasing the bid wiii increase their profit. 

However, one can argue that one genset may not be chosen to supply the load 

if it increases the pnce while the others stick on bidding at cost. One can say that 

increasing the bid also increases the risk of not king successful in the auction. These 

arguments do not hold when we take into garne theory consideration. in this case, 

bidding at cost c m  be considered as confessing while increasing the prke is denying. 
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Denial fiom all cornpetitors will bMg benefit to ali bidders. 

As shown in 5.2.3. under the pure cornpetitive environnent and average pricing, 

esnsets tend to resaain the bidduig capacity. This statemnt hoids for the competitive 
C 

environment. 

Under the competitive environment and marginal cost pricing, there is no 

incentive for a genset to increase the bidding price a b v e  its generation cost. 1) 

Gensets in the ûrst category wiii not get more profit unless it increases the bidding 

price and sets the  MCP. Since these gensets already make a good profit, increasing 

price to set the MCP is high risk and low beneflt. 2) Gensets in the third category stiii 

are not selected if they increase the bid. 3) Gensets in the second category face tough 

cornpetition. As shown in section 5.3.3. a genset whkh faces a competitive 

environment should not increase the prke above the marginal cost. uicreasing the 

price probably results in not king selected to supply the load. Surmurking the 

above ides, we conclude that under a competitive environment and marginal cost 

pricing poiicy, gensets tend not to bid higher than the generation cost. 

S imiiarIy, there is no incentive for a bidder to bid lower than the cost. 1) If a 

genset is caiied on to generate at the maximum capacity when it bids at cost, why 

shouId it decrease the bid? 2) If a genset is called on to generate less than its 

m;ucimurn capacity when it bids at cost. its output level coincides with the maximum 

profit ( see section 4.3.1). Decreasing the bidding price to increase the output level 

only decreases the profit. 3) if a genset is not selected to supply the load, its 

minimum average price is higher than the MCP (see chapter 2), decreasing the 

biddùig pnce only k e a s e s  the N k  of Iosing money. Therefore, the optimum bidding 
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strate€)' is to bid at generation cost. 

Comparing the bidding strategies under the two dinerent pricing policies. we 

conclude that marginal pricing is a more appropriate rnethod for the EWPP. Under 

the uniform nvginai cost pricing and corrpetitive environment. the optimum bidding 

strategy is to bid at cost and maximum capacit y. The bidding strategy is simple and 

transparent. Average pricing poiicy under the cornpetitive environment induces 

bidders to increase bids above generation cost, and to rcstrain the availabiiity. This 

biding strategy leads to a high Capacity Elernent payment and a low system reliability. 

Furthemiore. the compiexity of the bidding strategy needs more manpower to figure 

out the bids. 
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Chapter 6. Uniform Pricing Versus Discriminatory 

Pricing 

The EWPP pays ail winning bidders one price, the systern marginal price. This 

rule. at first glance, is counte~tuit ive.  Why does the EWPP not pay the winning 

bidders according to what they bide? Paying di winning bidders one pnce is known 

as uniform pricing, and paying different prices to different bidders is known as 

discriminatory pricing. Wïli discriminatory pricing result in lower total pool payment 

compared with the uniforrn pricing'? What are the advantages and disadvantages of 

these two pricing policies? What are advantages of using auction systerns in the 

power industry? These questions wiii be answered in this chapter. 

This chapter is organized as foiiows. In section 6.1, the reasons for applying the 

suction system in the electricity industry are presented. In section 6.2, in addition to 

introducing the theory of auctions, we present and compare dserent  kinds of 

riuctions. The difference between uniform pricing and discriminatory pricing is 

formulated in section 6.3. Then, in section 6.4, unZorn pncing and discriminatory 

pricing are compared via Bayesian analysis. Finaiiy, in section 6.5, we sumrnarize the 

advantages and disadvantages of the two pncing policies. 

6.1 Reasons for Applying the Auction System in the Power Industry 

The objective of power industry deregulation is to encourage cornpetition, and 

therefore, to increase the ninning efficiency of the system Auctions, by their nature, 

provide a fair competitive environment. Since electricity ri a merchandise with 

variable prices. auctions are tkreiore a good mshanism for the trading of electncity. 

In p ~ c i p l e .  as an alternative mthod, negotiation is also appropriate in this case. but 
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its Mgh transaction costs and the possibility of an impasse are serious disadvantages 

[h- 11. Auctions have an advantage over negotiations since the former provides fewer 

opportunities for kickbacks or under-the-table agreements [6- 11. 

in addition, the power system is physicaiiy hterco~ected,  and requires a system 

operator to coordinate generation, load, transmission, losses, and so on. To handle 

the auction process, auctions also need a centralized operator, known as an 

auctioneer- Therefore, using an aucùon system in power pools is an easy, naturai and 

efficient way to htroduce competition to the power industry. 

Besides providing a competitive environment, auctions have the foliowing 

advantages: Fust, audons provide faimess and full transparency in trading. Second, 

they induçe signifiant reductions in transaction costs and result in faster processing 

in trading compareci with bilateral negotiations. Third, they permit pricc discovery for 

goods which lack adequate reference rates [6- 11. However, auctions are also 

vuinerable to coiiusive activities [6- 1 1. 

6.2 Theory of Auction 

6.2.1 T v ~ e s  of Auctions 

There exist many types of auctions. The two main categories are sell auctions 

and buy auctions. In this section, we study the sel auction, which is more common 

in the economic worid. The sarne theories that apply to seU auctions also hold for buy 

auctions with rninor modifications. 

Auctions can be conducted oraiiy or by sealed bid. There can be a single or 

multiple winners; the goods can be diocated in one round (sirnultaneous auctions) 

112 
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or in several rounds (repetitk auction); ail winners pay one price (uniforrn pricing) 

or pay different prices (disaiminatory pricing); winners pay the best bidding pnce 

( h s t  price auction) or the second best p k e  (second price auction) [6-21. 

To CI- the incentives facing bidders under various types of sealed auctions, 

it is helpfid to analyse the orai auction first. Two basic oral auctions are the English 

and the Dutch auctions. Both of these occur in "reai tirne [6-11." 

in an English sell auction, there is a bidding price initia@ set at a relatively low 

level that rises continuously. Bidders who wish to remain in the auction simply 

continue to bid. otherwise when the prke is too high, they stop subrnitting bids. 

When only one bidder rernains in the auction, the goods are aiiocated in order fkom 

the remaining bidder down to the point where either the goods are exhausted or the 

floor pnce is reached'. Each biider pays the price at which his immediately preceding 

bidder leaves the auction [6- 1 1. 

In a Dutch seil auction, the bidding price is initidy set at a very high level that 

continu0 usly decreases with tirne. Bidders are d o  wed to submit only one bid which 

they exercise when the dropping price reaches their desired rate. The goods are 

allocated to successful bidders until ail goods are aiiocated or the floor price is 

reached. Each winner pays exactly the amount that she bids [6-11. 

In  oral English auctions, it is important for bidders to rnonitor ali other bids 

during the auction process. Here, bidders drop out of the auction when the price 

~ - 

' The floor pnce is the lowest price that the auctioneer can accept. 
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exceeds the  m a h u m  price they wkh to pay. that is, a reserve price. Here we 

suppose that every bidder has a reserve pnce. Since a winning bidder WU pay the 

price offered by the bidder who dropped out intmediately before her, which is lower 

than her reserve price, generally the dominant bidding strategy is to bid at the reserve 

price [6-  11. However, in oral Dutch auctions, bidders cannot receive information 

from competitors during the auction process. Bidders want to win the bid, but do no t 

want to pay too much to outbid the competitors. A bidder rnight not submit the bid 

w hen the price reaches her reserve price if she expects that other bidders will bid a 

10 wer price [6- 11. 

Sealed Bid Auction~ 

in a sealed bid auction, such as in the EWPP, bidders offer conceded bids, and 

goods are aiiocated in decrcasing order fiom the highest bid down to the point where 

either the goods are exhausted or the bid is less than the floor pnce. There are two 

types of sealed auctions: discriminatory pricing and uniform pricing auctions. In 

discruninatory auctions, each bidder pays the subrnitted bidding price while in 

uniform auctions aii winning bidders pay the sarne rate, which can be the lowest 

accepted bid (6rst prke auction), the highest rejected bid (second price auction) if it 

is greater than the floor price, or the floor price [6- 11. 

in a sense, Dutch auctions are closer to sealed bid discriminatory auctions while 

English and seaied uniform second price auctions are equivalent when bidders are 

certain about their reserve priçe [6- 11. The dominant strategy for uniform second 

price auctions is sunilar to that for oral English auctions, whkh is to bid at the 

reserve price [6- 11. Here, there is no incentive for an individual bidder to bid higher 

or lower than her reserve price since the subrnitted bidding pnce oniy determines 

whether a bidder wins the auction, but does not deterrnine the pnce she WU pay. 
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6 . 2 2  The Auction Svstem in the EWPP 

i n  the EWPP, more than one genset is needcd to satisQ the load. hence, the 

auction system is designed as a multiple-winner system Ernpirical analysis indicates 

that a seaied auction is tess vulnerable to coiiusion than oral auctions since oral 

auctions provide more information [6-21. For this reason as weil as for operational 

simplicity. the E WPP uses a sealed bid systen 

The EWPP auction system, therefore. c m  be summarised as a (1) multiple- 

winner, (2) sealed bid, (3)  marginal and (4) uniform pricing system So what is the 

Iogic of this system and what are the advantages and disadvantages of this system? 

The reasons for adopting multiple-wuuier, and sealed bid system are presented 

in this section while the reasons for using marginal cost pncing are dkussed in 

chapter 5. The question that remains to be explored is why the EWPP employs 

uniform pricing instead of discriminatory pncing. This problem, which is the initial 

motivation of this thesis research, will be solved in the next two sections. 

6.3 Difference between Discriminatory Pricing and Uniform Pricing 

In this section, we analyse the possible difference in the total pool payments 

resulting from uniform pricing versus discx-iminatory pricing auctions. First, we 

present the optimum bidding strategy under the EWPP rules, that is, uniform pricing. 

Then we analyse the bidding behaviour under the hypo theticai discruninatory pricing 

rules. 
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6.3.1 The O~timum Biddinn stratwv under the EWPp Rules 

It has been shown in chapter 5 that, under a pure cornpetitive environment and 

the EWPP niles, the optimum biiding strategy for a genset is to bid at its generation 

cost. Bidding higher or lower than generation cost wiU not lead to more profit for the 

bidder under any circumtances. 

1 t has &O been show in chapter 5 that under an oiigopoiy environmcnt and the 

EWPP des .  gensets also shouid bid at generation cost. This result, proven in chapter 

5 by contradiction, can also be shown to be tnie by the auction theory as foiiows. 

The EWPP auction is a buy auction, and the reservc pricc for each genset 

(bidder) is the generation cost. According to the theory shown in section 6.2.1, the 

optimum strategy for a genset under the uniform second price auction is to bid at 

generation cost. If auctions have many bidders and the bid price range is relatively 
C- 

narrow. the highest accepted bid price and the lowest rejected price usudy are quite 

close to each other. Therefore, the optimum strategy of bidding at generation cost 

also applies under the 6rst pricing rules, which are the EWPP rules. 

In a duopoly environment, where there are two or more players who have 

notable market power, garning activities will iikely happen. Detailed discussion of 

such activities WU be presented in chapter 7. 

6.3.2 Differerices in the Total Pod hirinent under Ihiform and Discriminatotv 

Pricing 

If bidders also bid at generation cost in a discriminatory pricing auction, it can 

be easily seen that the total pool payrnent in a u d o m  pricing auction is higher than 



that in a discriminatory pricing auction. However. in a discriminatory pncing buy 

auction system. gensets tend to bid higher than generation cost in order to achieve 

their expected profits. This phenomenon is illustrated in figure 6.1. 

Figure 6.1 is used to iiiusuate the total pool payment difference under uniform 

pricing and disciminatory pncing auctions. Co nsider the discrirninatory and uniform 

pricing auctions with the same bidders and the same load leveL In figure 6.1, curve 

D is the  merit-order-List cwve obtained from the bidder's offer fles in a 

discrirninatory auction, and curve U is the ment-order-iist curve obtained from the 

bidders' offer Iles in a unifonn auction. 

Generally, curve D is higher than U. The total pool payment in a uniforrn auction 

is the rectangle area O-A-B-E, and the pool payment in a discriminatory auction is 

the area O-A-C-K-J-1-H-G-F-Dl. It can be seen that if shaded area A is greater than 

shaded area B. then, uniforrn pricing auction results in a higher total pool payment 

than under discrirninatory pncing. 

Lf the auction is repeated several times, and if the Ioad (Line A-B-C in figure 6.1) 

is f ~ x e d ,  in a discriminatory auction the bidder who faiied to win in last round wiii 

decrease its bid, (although the new bid will stili be greater than the generation cost), 

while the bidder who won, but was unsatisfied with the profit earned in the last round 

wiii increase the bid. ifthis auction runs enough large times, both areas A and B wiii 

decrease, and eventualiy approach zero. Hence, uniform and discriminatory pricing 

wiii converge to the sarne total pool payment [6-31. 

Since power system conditions are penodic, the EWPP can be considered as a 

repeated auction system Thus, if discriminatory pncing were adopted in the EWPP, 

bidders would anticipate the SMP and bid as ciose to it as possible. Since the 
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Figure 6.1 Uniform Pridng VS Discrimlnato y Pricing 

bidders would anticipate the SMP and bid as close to it as possible. Since the 

forecasted load is broadcast, and the previous SMPs under different load levels are 

also exposed to al1 bidders, the difference between area A and area B, that is, the 

difference in pool payment resulted fiom the uniform and discriminatory pricing 

auctions are small. 

In the next section, it will be shown through Bayesian analysis that if bidders 

are risk neutrai, discriminatory second pncing and uniform pricing auctions result 

in the same expected total pool payment. 
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6.4 Comparison between Uniform and Discriminatory Pricing 

Auctions Via Bayesian Analysis 

The totd pool payment difference resulting fiorn the uniform and discriminatory 

pricing auctions has been Uustrated in figure 6.1 in section 6.3. In this section, we 

use Bayesian analysis, whkh is a statistical method. to analyse the problem 

6.4.1 Bavesian Analvsis 

Game theory is an effective weapon to analyse auctions and bidding, however, 

it has some shortcomings [6-41. Firstly, game equiiibnum is of mùiimal profitabiiity 

for aiI bidders, accordingly, there is no big incentive for a risky bidder to adopt an 

squilibrium strategy even though this bidder knows he will face a big risk if he adopts 

a non-equilibriurn strategy. Secondly, game theory supposes that al1 bidders are 

rational players. This assumption, however, does not simulate the real world 

perfectly. Fmaiiy, the underlying assumption of game theory, the payoff matrut, is not 

easily obtained in the real wor1d. To overcome these disadvantages, a new analysis 

technique is needed [6-41. 

Instead of treating the auction problem as a garne between bidders, or as a game 

between bidders and the auctioneer, we consider an auction as an individual bidder 

decision-making pro blem under uncertainty [6-41. Then, Bayesian statistical theory 

crin be used to study the auction pro blem [6-71. 

It has been proved by Milton Harris and Amr Raviv that the total gain in a seii 

auction is the same under two pricing rules 16-71. A similar approach can be appiied 

to the buy auction. 
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To prove that the total payment in a buy auction is the same under two pricing 

rules. two theorerns are introduced first [6-51. 

Theorem 1. 

Let Y, s Y, 5 ... s Y, represent the order statistics from a cumulative 

distribution function F(.). The marginal cumulative dismbution function of Y, (a = 

I , 2, .... n) is given by, 

Theorem 2. 

Let X,, XI. ... X, be a random sample from the probability density function f(.) 

with cumulative distribution function F(.). k t  Y, s Y, s ... s Yn denote the 

corresponding order statistics: then 

6.4.2 Total Pool Pavment under Uniform Second Pncing . . 

Suppose that there is an electnçity auction system whose demand, D, is inelastic. 

There are N gensets whose generation capacity for each genset equai D 1 S (S < N) 

where S is an arbinary positive integer. In addition, suppose that each genset bids at 



its rnaxhwm capacity, therefore, the number of winning bidders is S. Each genset i 

h a  its own generation cost function, and the cost at output level of D / S equais Cg. 

The bid price for genset i can be formulated as a function of cost. that is, Bi(Ci) . 

Under the uniform second pricing environment, the dominant bidding strategy, 

accordhg to section 6.3, is to b i  at cost, that is, Bi ( C,) = C,. Each bidder does not 

kno w the cost function of other bidders, and therefore, it assumes that ad other 

bidders draw their cost function independently fiom a distribution density function 

R.), whose correspondhg cumulative distribution function is F(.). 

According to al bids, a cost merit-order List can be formcd from the lowest to 

the highesf inâexed C, s C, 5 ... s CS ... 5 C,. Hence, the market clearing price, the 

MCP, equals to CS+, if the second pricing is adopted, that is, if the lowest rejected 

price is assigned as the MCP. 

The total pool total payment, PAYU, is S times the MCP. According to Theorern 

2,  the formula can be further expanded. 

= S I X  N! F ( X ) ~ [ I - F ( X ) J ~ - ~ - ~ ~ ( X ) ~ ~  

O 
S !  ( N - S -  1 )  ! 

where f ,,, (.) is the density function of S+/ order statistic arnong N cornpetitors. 
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6.4.3 Discriminatow Pricing 

Now we analyse the discriminatory pricing auction. Again. suppose that there 

is an electricity auction system with an inelastic demand, il, and N bidders whose 

generation capacity for each genset equals D / S (S c N), and each one bid at its 

maximum capacity. 

Genset I has its own generation cost funçtion which equals C, ac the output level 

of D 1 S . Suppose that the bid for genset i is a function of cost. that is, Bi(Ci ) ,  and 

D, (Bi) is the inverse function of Bi (C,), that is, Dj [Bi (C;)] = Ci. 

I The Cumulative Distribution Function for Bidder i's Success in the 

Auction 

The probabiiity that bid Bi wüi be accepted is equivalent to the probability that 

D, (B,) wiU be less than an S order statistic arnong the N - I cornpetitive bids. 

Therefore. 

Pr [Accrpt Bi] = Pr[  Ci = Di(Bi) < Cs ] = 1 - L(Di(Bi)) (6.4) 

where Cs is the S order statistic among N - I generation costs of other gensets, and 

where L(.) denotes the cumulative distribution of the S order statistic among N - I 

randorn variables. L(.) can be explained as the expected probability of 

Ci = Di(Bi)  r Cs. 

Then, according to Theorem 1, L(.) is: 



The density function l ( . )  corresponding to the distribution function L(.) is then. 

accordhg to Theorem 2, 

i(X) = ( N - l ) !  F(x)'- '  [ l  - F ( X ) ] ~ - ~ - '  f ( x )  
(S- l ) ! ( N - S -  i ) !  

W Dominant Biddinn Strat egv under Dimmiriatorv Pricing 

The objective of bidder i is to maximize its expected profit over Bi, that is, 

D 
rnax (Bi  - Ci) x - [ 1  - L(Di (B$) ]  

8,  S 
05-71 

The maximum vaiue of equation 6.7 happens at: 

Equation 6.8 can be rewritten as, 

d 
- [( 1 - L(Ci)  ) B(Ci)  ] = - Ci i (Ci )  for a11 C i  
dCi  



Therefore, 

where D is a constant. 

To determine the value of D, an initial condition is needed. Suppose Ci equals 

O. we obtain. 

In the above equation, x i(x) dxcan be explained as the expected value of the J 
O 

S order statistic, which is the bidding price edge between king selected and rejected. 

As shown in last section, the optimal bidding strategy under discriminatory pricing 

is to bid as closely as possible to SMP, w k h  is x f(x) dr.  Therefore, in equation 1 
O 

6.1 1 ,  D equals zero, and the optimum bidding strategy becoms, 
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Total Pool Pavment under the Discnminatow Pricinc 

The total pool payment PA Y, under discriminatory pricing is. 

where f, (x )  is the density function of a j order statistic in a sample of size N. 

From Theorem 2, we get, 

if the bidding strategy shown in equation 6.13 is adopted by ai i  bidders, applying 

equation 6.5 to 6.15, we get, 

Became frorn equation 6.5, we get, 



Then. if aU bidders adopted the bidding strategy shown in equation 6.13, we 

O btain 

~ p p l y  equation 6.6 to 6.18, we obtain: 

The equation can be further expanded as: 



6.4.4 Com~are the Total PCKA Pa-yments under the Uniforrn and Discriminatory 

Pricing 

Compare equations 6.19 with 6.3, we see 

Please note that the above conclusion is based on the assumption that aii bidders 

adopt the bidding suategy formulated in equation 6.1 1, and every one is able to 

precisely predict the SMP, in other words, to accurately estimate the edge bidding 

value between been rejected and selected, and bid as closely to it as possible. This 

assumption holds for fuiiy diversified competitive power pool auctions system 

because the auction is a repeated system Thus, bidders can precisely anticipate the 

S MP from forrner experiences since the forecasted bad is broadcast, and the 

previous SMPs under different load levels are also exposed to aii bidders. 

However, in the EWPP where notable market power exists, the above 

conclusion does not hold because it is very dficuit for individuai srnail bidders to 

predict the SMP, which is under the influence of National Power and PowerGen's 

market force. More discussion wül be presented in next section. 

6.5 Advantages and Drawbacks 

From the above anaiysis, we conclude that the total pool payments are equal 

under uniforrn and discriminatory pricing d e s  in competitive environment. Thus, 

why does the EWPP choose one pricing method over the other? In this section, we 

answer this question by analysing the advantages and disadvantages for applying 

these two pricing policies to the EWPP. 



6.5.1. Comoression of the Merit-order List under DirRminatow Pncing 

. - .  
1 t was shown in section 6.3 that under dirnniuiatory pricing, bidders tend to bid 

ris doseIy to the expected SMP as possible. Therefore, the bidding prices from 

dfierent gensets are much closer to each other than those under uniform pricing. 

Consequently. the merit-order List is compressed. 

The compressed ment-order List resulting kom discriminatory pricing brings on 

some dficulties in generation scheûuling. Since the EWPP uses several heuristics to 

make the preliminary schedule. from w hich the electricity prices are determined, if the 

merit-order list is compressed, the heuristics emplo yed by the EWPP are more likely 

to yield suboptimai solutions, for example, units may bc turned on and off in a sub- 

optimal sequence. Moreover, the comprcssed merit-order list makes generation 

scheduling more sensitive to load forecasting errors. 

In addition, since each genset oniy bids one set of prices every day, the 
. . .  compressed mrit-order kt resuiting fiom the discnrrmiatory pricing wiil result in less 

price differentiation between peak and off-peak penods [6-61, leading to distorted 

market price signals, which decrease incentives for load management. This problern 

can be solved by allowing gensets to bid more than one set of prices, one for each 

load Ievel, however, this change increases the complexity of the EWPP rules, which 

are already very complicated. 

Under the  uniform bidding policy and competitive environment, the optimal 

bidding strategy for every genset is very simple, that is to bid at cost. Under duopoly 

or otigopoly environrnents, the optimal bidding strategy for those relatively efficient 



gensets is stiii to bid at cost. The bidding strategies for those who have market power 
t 

are however more cornplex. 

In conuast, under discriminatory pricing, the bidding strategy for ail gensets also 

becomes cornplex since every genset must predict the SMP and bid as closely to it 

as possible. This cornplexity may put s W  generation utilities at a great 

disadvantage because they may not have enough manpower to figure out the bids. or 

they may misjudge the bidding strategies of large utilities and the SMP. 

Consequently, a discriminatory pricing poiicy rnight discourage new entrants 6om 

ernerging into the generation market [6-61. 

6.5.3 S hamen Awareness of Com~etition 

Under disçriminatory pricing, every genset must bid more actively cornpared 

with the case under uniform pncing because what a winning bidder receives is what 

i t bids. In the EWPP there are many zero bidders which always bid at zero. These 

eensets usuaüy are very efficient and hold contracts for difference. Such contracts are 
C 

crerit stimulus for gensets to get into the pooi, and to be able to fuW their contracts. 
C 

S orne gensets bid at zero because they predict that they WU be ordered not to 

eenerate because of the transmission constraints. According to the EWPP mies 
C- 

describeci in section 2.8, these gensets wiii be paid at the rate of SMP. This kind of 

gamine strategy is called "constrained off," and a more detaiied discussion wili be 

presented in section 7.4. If the EWPP adopted a discriminatory pricing policy, these 

zero bidders would disappear since winning bidders get what they bid. 

Generally speaking, the bidding strategy is passive under uniform pticing, while 

active under discriminatory pricing because bidders must forecast the future market 



6. I Jnifpm m g  
. . Versus D-ON . . .  . . 

- 

and future prices. This active bidding strategy will increase of the awarencss of the 

CO mpetition, and therefore, m y  po tentiaiiy increase the operational efficienc y. 

6.5.4. Avoid " Free-loaders" 

In the  EWPP, if the companies National Power and PowerGen exercise their 

market power to increase the SMP, al1 winning bidders receive the extra payrnent 

caused by the gaming behaviour. if the disçrimuiatory pricing p o k y  were adopted, 

these "fiee-loaders" d not reccive any extra paymcnt, thus, the total pool paymcnt 

would be decreased. 

. . -  However, discruninatory pricing again p u t ~  the smaii generation utilities at a big 

disadvantage since s d  utilities do not have enough m k e t  power to manipulate the 

SMP, and cannot get any benefits fiom the gaming behaviour of other companies. 

Therefore, in this sense, the uniform pricing policy provides a more fair environment 

t han the discriminatory pncing polic y. 

From the above analysis, we see the advantages of uniform pncing outweighs 

those of discriminatory pricing, therefore, we reach the conctusion that the uniform 

pricing is an appropriate pricing policy for the EWPP. 
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Chapter 7 Gaming Strategies in the EWPP 

Ln the last few chapters, we analysed the theorecical base bchind the EWPP rules. 

In this chapter, we corne back to the real world and discuss the market structure, the 

rules governing the EWPP, the potential profit-rnaking opportunities as weii as the 

various gamùig strategies. 

In a cornpetitive environment, the uIipetus for profit drives private companies to 

seek ail possible opportunities to use the market rules for their own advantages. In 

the EWPP, iike in other markets, no matter how tightly the market rules are set by 

the r e g u h ~ g  body (OFF'ER in Enpianri and Wales), players wiii find a way to garne. 

This occurs not only because of the weakness in the rules, but also due to the 

duopoly nature of the EWPP generation market structure. Typicai gaming saategy 

includes withholding generation availabiities, increasing bidding prices to manipulate 

the SMP, and manipulating the uplift by t a h g  advantage of the transmission 

constraints. 

This chapter is organized as foiiows. In section 7.1, the EWPP market structure 

is presented. The duopoly nature of the EWPP generation market is describeci and 

the generation market shares of the major companies in England and Wales are 

illustrated. Ako in this section, the trend in the fuel share since Vesting Day is 

presented. Then, in section 7.2, the four pnce elemnts of the pool sale pnce are 

analysed and exarnples of historical statistical data of the pool prices are presented. 

In section 7.3, some gaming strategies are analysed to demonstrate how bidders can 

ïncrease profits by manipulating the CE, SMP and the Uplift. Fiiaüy, in section 7.4, 

we dkuss  the sonr: related issues in the EWPP operation, namely, transmission and 

losses management. 
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7.1 Market Structure of the EWPP 

in En-d and W&, generation, transmission. distribution and retaii supply of 

electricity were divided into different businesses and largely pnvatized since Vesting 

Day. The generation capacities of the CEGB were split into three companies, the 

pu blic-owned National Power and PowerGen, as weU as the state-owned Nuclear 

Electric. Besides the three Large companies rnentioned above, Electricity de France, 

Scottish Hydro-Electric, and Scottish Power, plus several other companies ako 

supply power to the EWPP. Since Vesting Day, a number of new independent power 

producers (IPPs) also joined the elecmcity market. 

FoUowing the policies of the conservative government, the UK rapidly 

res tmctured its po wer industry and privatized the electricity generation utilities in 

1989. Initially nuclear capacities were scheduled to be privatkd, but it turned out 

that the nuclear plants would not be cornpetitive under the dereguiated environment 

and were then withdrawn from the privatization. However, the size of National 

Power and PowerGen was not reconsidered. Therefore, privatization yielded an 

essentialiy duopoly electricity market. 

Initialiy, the National Power and Poweffien possessed nearly 80% of the total 

capacity. Since V e s ~ g  Day, both of these companies reduced their capacity steadily 

while several independent power producers (IPPs) entercd the rnarket. However, 

today these two companies still have notable market powcr to rrianipulate the clearing 

price. Tables 7.1 and 7.2 show the market share of the major companies in the 

EWPP. From tables 7.1.7.2 and 7.3, we see that the market shares of the National 

Power and the PowerGen continuously declined primarily due to the closure of a 



number of plants and the facts that the Nuclear Elecnic increased output because of 

newiy committed plants, and s o m  new IPPs entered the market. This trend, as 

shown in figure 7.1 and 7.2. is k e l y  to continue although these two companies stiii 

hc Id significant market shares today [7-31. 

National Power 1 48.04 1 45.46 1 43.57 1 40.99 [ 34.02 
- 

Power Gen 1 29.69 1 28.40 1 28.18 1 27.04 1 26.70 

Others 5.78 8.79 1 9.63 1 10.67 1 15.54 

National Po wer 1 46% 1 31% 1 2 1 % 

National Power 

Po werGen 

Ot hers 17% 

NucIear Electric 1 1  

Capacity (MW) 

19,269 

L 5,282 

Market Share (%) 

30 

24 
1 
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Figure 7.2 M&rka S b r c  in U95 / 1996 . 
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Because of low ïnvestment, short construction tirne, modular design, and some 

environmental advantages, gas-fired plants have gained favour among both existing 

utilities and new entrants in the UK. By March 1996, 9,505 MW of additional 

capacity from new gas-nred plants had k e n  commissioned in Engiand and Wales, 

whiie 15,000 MW more was either under construction or planned 17- 11. Meanwhile, 

some coal-fired and oii-fired plants were also shut down, 

Arnong the extra capacities mentioned above. new entrants have commissioned 

6,000 MW and 2,900 MW more is under construction 17-21. In total, in 1996 there 

were more than 20 independent power schemes under consideration. By the year 

2000 the new entrants, which in 1996 alrcady account for nearly 14% of the 

generation market share, could rise up to 20% 17-21. The UK electricity demand is 
L 

forecast to rise very slowly (around 1% increase per year over the next decade), 

t herefore, new entrants seriously challenge the existing generation utilities. 

The trend in generation fuel is shown in figures 7.3 and 7.4 while a breakdown 

in the new $as-fired plants coriPnissioned in England and Waies âom March 1 989 to 

iMarch 1996 is shown in table 7.4. 

II Independent generators 1 6,061 MW II 

1 National Po wer * 

Note that both oii and coai have decreased significantly wMe gas has increased 

dramticaiiy. 

135 



 CO^ a.. Nuclmr 
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7.1.3 Fossil Fuel Levv on Nuclear and Renewa ble Cppacitk 

Before privatization. the costs of the nuclear plants were embedded in the 

CEGB's total ponfotio. Analysts discovered that this cost was too high to attract 

investors, hence. the nuckar d o n  was withdrawn fiom privatization. However. the 

govemment still insisted on the diversity of generation, thus, reminhg the nuclear 

plants in the power pool auction. In order to make the nuclcar plants competitive, a 

Fossil Fuel Levy was introduced in the system to cover to the stranded cost (see 

section 1 2.4). As a result, the nuclear plants receive substantial extra revenue from 

the government which amounts up to 80% over and abovc the pool prices [7-4). A 

simiiar levy is applied to renewable resourçes such as wind and gcothermaL 

The nuclear capacities have a contract for this levy which lasts fkom 1990 to 

1998. In 1993, about 95% of the totai Levy supported the nuclear plants and 5 8  

supponed the renewable capacities whiie in 1998, the levy for nuclear capacities is 

scheduled to stop, while the support for renewable capacities will likely continue. 

7.2 Pool Prices 

In a competitive environment, the market clearing pricc is a signal that indicates 

whether the market runs efficiently and competitively. Therefore, studying the pool 

price variations since Vesting Day helps to understand the market structure, the 

EWPP rules, and various gaming activities. 

In this section, the four elements in the pool price describeci in section 2.7 are 

analysed fist. foliowed by examples of statisticai data of the pool prices after 

Vesting Day. From this data, in section 7.2.3, we detennine that which Company 

usudy sets the system rriarginal price known as the SMP. This analysis demonstrates 
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that the National Power and the Poweflen have enough m k e t  po wer to manipulate 

the pool price. 

7.2.1 Four Price Elemenu 

The price at which electricity is bought and sold under the pool trading 

arrangements is deterrnined for every half-hou. As desçribed in section 2.7, this price 

consists of four elements, nameiy, system marginai price (SMP), capacity element 

(CE), uplift, and transmission losses price. The average value of the S MP on a typical 

scheduied day is much greater than that of the other ekments, however, during peak- 

load periods when the PSP is very high, the CE dominates other elernents. 

The SMP is the energy elemnt of the pool pricc, and is mainly related to the 

bidding prices. On the ot her hand, CE is based on the idea that the pool should pay 

more while the spare capacity' is 10 w while paying less when the spare capacity is 

high. Clearly, CE is mainiy related to the load level and the bidding generation 

availabiiities. Fialiy, the Uplift is the price cornponent mainiy rehted to the po wer 

system constraints. 

7.2.2 Pool Prices Historical Statistiq 

Ever since Vesting Day, the pool pnces have increased continuously. Initiaiiy, 

the pool prices were relatively low due to the facts that generation utilities relied on 

connacts for ciifferences instead of the pool prices to purchase elecmcity (see section 

X.4), but they soon began an upward trend. From 1991 to 1993, the pool prices 

1 

Spare capacity is the margin between the total system bidding availability and the 
system dernand. 
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e,xperienced some unusual increases due to the gaming behaviour of some generation 

companies. rnainly PowerGen and National Power. The Office of Regulation 

(OFFER) made severai rule changes and established an agreement with these two 

cornpanies to prevent the unusual price hikes fkom happening. From 1994 to 1996, 

the poo t prices declined continuously. 

The maùi reason for the recent pnce decrease is the drop in generation cost due 

to the replacement of expensive cod and oil fired plants by gas fked plants which are 

cheap to build and efficient to operate. Meanwhile, aimost aU generation utilities 

reduced their manpower significantly [7-81. For example, National Power and 

PowerGen cut their staff by haif, while the NGC also decreased their personnel 

significantly [7-81. 

The pool prices were initiaiiy artiflçially low due to the existence of the 

eovernment contracts (CFDs) holding by National Power and PowerGen. These 
h 

contracts were enforced by the govenurient and signed with the RECs a t  a rate which 

is high enough to cover the expensive UK coai purchase cost and other operational 

cost. Therefore, these two cornpanies did not rely on the pool pnces to meet their 

hancial targets. The P P s  had complained to the OFFER that the priçe gave a wrong 

market signai. 

Then in surnnrer / autumn 199 1, the EWPP experienced a substantial CE increase 

primarily due to the strategic use of the bidding availabilities by PowerGen, which 

will be discussed in detail in section 7.3. Foliowing an investigation, the OFFER 

declared a set of new rules to prevent the above garning behaviour kom happening. 

However, as we will argue hter, the new rules are not good enough to achieve their 

objective. 
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Later in the s u m r  of 1992. the SMP began to uicrease significantly and this 

was attributed to abuses in bid prices by National Power and PowerGen which 

OFFER found to have enough rriarket power to manipuhte rhe SMP [7- 11. Foiiowing 

an investigation, the OFFER required the two m j o r  generation utilities to restrict 

their bidding prices by threatening with referring them to the Monopolies and 

Mergers Commission (MMC). Meanwhilc, the OFFER also forced the two 

companies to lease 6,000 MW of their capacity (4,000 MW fiom National Power and 

2,000 MW kom PowerGen) to another Company caiied Eastern Electric. 

The Uplift element also experienced some unusual increases which were caused 

rnallily by gensets taking advantage of the transmission constraints and the fact that 

most generation plants are in the north while m s t  loads are in the south. This special 

load-generation pattern leads to a potential transmission congestion problem As 

sho wn in section 2.7, gensets which are not in the preliminary generation schedule, 

but are ordered to run, receive what they bid, while gensets which are in the 

prelllninary schedule, but are ordered not to generate or to a lower generation level, 

also receive payment for the di&rence betwcen the scheduie and real generation. The 

strategic abuse of the above two rules increases the Uplift. Again. detail will be 

presented in section 7.3. 

The average pool prices fkom 1990 to 1994 are shown by components in tables 

7.5.7.6 and figure 7.6. In tabk 7.7, the minimum, average, and maximum prices of 

the financial year from December 1995 to December 1996 are presented. 
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1 MIN 1 AVERAGE 1 
SMP (f/ MWh) 1 5.56 1 18.46 ( 80.35 

PPP (£/ MWh) 1 5.56 1 22.02 1 5 15.56 

PSP (E/ MWh) 1 6.44 1 23.99 1 586.87 

Pool Bill (£M) 73.2 1 

7.2.3 Who Sets the SMP? 

I t  was shown in section 7.1.1 that the EWPP basicaliy created a duopoly 

environrnent where National Power and Poweffien initiaiiy o w n d  80% of the total 

generation at Vesting Day. Since then, the two giants have ciosed sornc plants while 

the  nuclear plants and inter-comectors2 have incrwcd their output, in addition to 

the entry of several WPs. Untii 1996, National Power and PowerGen owned 54.5% 

market share, while Nuclear Electric owns 22.5% and IPPs 13.6% 17-31. 

I t  seems that although far €rom ideai, the EWPP basically has a cornpetitive 

environrnent- However, this staternent is problemtiç. The costs of new gas fired, and 

nuclear plants (which receive Fuel Levy from the governrnent) are very low, and 

therefore these plants prirnariiy serve the base load. They bid into the pool at a very 

low price so that they are c a k d  on first. The remaining gensets, the coal and O il îired 

eensets, which d y  belong to National Power and PowerGen, f o m  the ~ d d l e  and 
C 

hig h-level of the ment-order list. Therefore, National Power and PowerGen have a 

low load-factor and usuaUy set the SMP. Figure 7.6 shows the SMP setter in 

November 1997 [7-61. 

Inter-co~ectors refer to the electricity trade between France, Scotland and England and 
Wales. 
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7.3 Garning Behaviours 

In a competitive environment. the desire of making maximum profits drives 

private companies to seek any profitable opportunities existing in the market rules 

and rriarket structure to increase profits. In this sense, whether a set of market rules 

is successful can be judged by whether the rules delete ail potential profit-making 

gaming opponunities [7-81. Since the mies are made by humans. initially they 

inevitably contain weakmeses, and it is the regulatorfs responsibility to investigate the 

abuse of the market mies, and to alter the d e s  when necessary. 

The EWPP rules, iike di other market des ,  are far fkom perfection. The 

duopoly market structure of the EWPP generation market d e s  the niles even 

easier to abuse. 

National Poww PowaiOan 
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In rhis section, we analyse four g k g  suategies existing in the EWPP. namly. 

garning over CE, g a M g  over SMP. constrained on. and constrained off. 

If a genset is not used to serve load fkequently, it might not receive enough 

payment through SMP to cover its cost and investrnent. in the long run. generators 

must have a reasonabk return for their investnients, othawise nobody will buW new 

plants. For these reasons, the capacity elernent (CE) is included in the PSP whkh, in 

the long term, is expected to refiect the cost of building new power stations needed 

to meet peak demands. The CE is workcd out by NGC through a cornplex formula 

as foiiows 

CEj = LOLPj x ( V U  - SMPj) (7-1) 

where subscript j refers to penod i; LOLP, is the loss of load probability and V U  is 

value of lost load. The LOLP is cdculated by the NGC, and is a convex function of 

the expected reserve whkh is the rnargin between the total bidding generation 

availabilities and the system load. The VLL, which was initislly set at 2000 £1 MWh , 

is a fixed value and changes annuaiiy according to the RPI. 

The convexity of the LOLP function indicates that whcn the expected reserve 

is s d .  the LOLP becomes large and sensitive to changes in the expected reserve. 

Moreover, because of the large dinerence between the VLL and the typical SMP, 

a smii  change in the LOLP has a large impact on the CE [7-71. Thercfore, the CE 

element is very volatile and sensitive to srnail change in bids due tu its cdculation 

method. 
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The CE element is inuoduced into the pool prices in order to provide an 

economic signal for investments of new generation capacity. However, the 

characteristics of the CE calcuiation method open a door for gaming behaviour since 

the value of the CE depends on the value of LOLP, which in turn depends on the 

total bidding generation avaiiabiiities. Therefore, generation utilities could declare 

sorne plants unavailable and later, afier the CE had been detertnined, re-declare these 

plants available. 

In the late surnmer of 199 1, PowerGen exercised the above-mentioned gaming 

strategy by withholding its generation substantdly. As a result, the CE element 

irtcreased signincantly. Foilowed an investigation, the OFFER changed the generator 

licence condition by requiring aii generators provide half-year statemnts of their 

expected available capacities, and expianations if their r e d  bidding availabiiities 

violate their statements, which wiii be judged by an independent assessor appointed 

by the OFFER. In addition, the OFFER required generators declare unavailability 

eight days in advance. 

The above-mentioned rule change impedes the gaming behaviour over the CE, 

but does not completeb delete the gaming opportunity. Because of the substantial 

market shares National Power and Powergen hold, it is easy for them to affect the 

CE element significantly, and therefore, to gain substantial high profits somctimcs. 

WithhoIding availability is subtle and elusive to be detected by the OFFER, and it is 

not very dif6cult for companies to find expianations for the d k e p a n c y  between their 

actual bidding availability and haif- year plan, therefore, it is bekved t hat this gaming 

strategy has s t d  been exercised in the EWPP [7-81. 
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Maminal ?ri- 7.3.2 ( iarninn ovcr the Svstem 

As it has k e n  shown in section 7.2.3, the coai and oil fired gensets that mainly 

belong to National Power and PowerGen form the rriiddle and high-level of the merit- 

order List. In other words. approximately only National Power and PowerGen 

cornpete each other to serve the peak bad while the relatively cheap gensets serve 

the base hod3. As it has k e n  shown in figure 7.6, usuaiiy the genwt which sets the 

S MP is either from Nationai Power or PowerGen, 

Every day, the NGC broadcasts the forecasted derriand for the next scheduled 

day, therefore. both National Power and PowerGen can approximately predict the 

residual expected demand which is defined as the forecasteci demand less the 

availability of other gensets [7-81. This residual expected demand wiii be served 

jointly by these two companies no matter what prices they bid, hence. the only risk 

for them is to bid too high to loose market shares to the other company and take a 

smaii portion of the residuai demand 17-81. 

Ho wever. comparai with the strategy of withholduig availa bility, increasing bids 

to manipulate the SMP is obvious and easy to detect. In 1993, the high SMP in the 

EWPP drew the attention of the OFFER, which later tbeatened to refer these two 

companies to the Monopoiies and Mergers Comnission after an investigation. 

Finaiiy, in 1994, National Power and Powergen undertook the responsibility of 

keeping the average pool prices (PSPs) belo w 25 £ / W h  by restraining t heir bids for 

the next two yws, and ieased 6000 MW (4000 from National Power and 2000 fkom 

PowerGen) of their oil and coal fired generators to another company 17-71. 

5 

Since 1996, Eastern Eleçtric. which leased 4.000 M W  and 2000 MW of capacity Born 
National Power and Powergen respectively in 1996 joined the cornpetition. 
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nie  stratem of Uicreasing bids CUI be combinai with the strategy of withholding 

availability to buiid a more subtle and dusive strategy, which withholds relatively 

cheap gensets and declares relatively expensive gensets available. Because of the 

diverse mix of generation capacity owned by National Power and PowerGen, this 

combined strategy becomes powerful[7-8). 

As it has been shown in sections 2.7.3 and 2.8, the uplift payrnent is a mixture 

of many elements. Generally. it can bc divided into four categories. namely, 

generation outtum, ancdhy Services. rhedukd reserve. and unrheduled availabiiity 

payments. The generation outtum payment refers to money paid to gensets to 

compensate the discrepancy between the preliminary scheduk and actual dispatch: 

the ancillary services payment refers to the money paid to various parties which 

provide ancillary services; the SC heduled reserve paymnt rcfers to the money paid 

for the spinning reserve: tinally, the unscheduled availability payment refers to the 

money paid to gensets for bidding. The total uplift payments fkom 1990 to 1993 are 

broken down by the above-rnentioned categories, and show in table 7.8. 

Operational Outturn 

II Unsc heduled Avaiiability 1 3.7 1 102.2 1 12.7 

Anc illary S erviçes 

Sc heduled Reserve 

90 - 91 

121.1 

106.0 

35.9 

91 -92 

2 16.4 

L a 

92 - 93 

205.2 

121.4 

35.1 

O. 1 Ot her 
r 

1 19.0 

45.9 

O. 1 0.2 
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From table 7.8. we leam that the payments for operational outturn and anciiiary 

services are dominant cornponents in the total uplift payment. One may notice that 

the payment for urronstrained availability in 9 1 - 92 is very high compared with t hat 

in other years. The main reason is that this payment is proportional to LOLP (see 

section 2.8.3) and in late sumrner 1992. the LOLP increased substantially due to the 

gaming behaviour by PowerGen. Table 7.9 shows the payment for unconsaaineci 

availability in 199 1 by rnonth. 

Jan Feb Mar Apr May Jun Jul Aug Sep Oçt Nov Dec 

The payment for generation turnover which compensates genwts for the out-of- 

merit operations provides two potential gaming opponunities, which are known as 

constrained-on and constrained-off. 

Suppose that genset i is scheduieû to generate P, in the unconstrained schedule, 

but actuaiiy generate P, due to transmission constraints. if P, > P ,  , that is. genset 

i is constrained on. it rnust KU the extra energy, (P ,  - P l )  x SPD,  to the market 

at the rate of offer bidding price. The total paymnt gensct i receives is, then, 

PI  x SPD x SMP + (PL - P I )  x SPD x Pricebid (7.2) 
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where Price,, is the bidding pnce of genxt i. and SPD is the scheduled penod. 

w hic h is a half hour in the EWPP. 

If one genset can predict that it wüi be cailed on to generate because of the 

uansmission constraints. it tends to bid high because sccording to equation 7.2, the 

higher it bids, the higher payment it receives. 

On the other hand. if P, < P,  , that is. genset i is constrained off, it must buy 

back the energy it should have produced, (P, - P,) x SPD , from the market at its 

bidding price, and the total payment for energy is, then, 

P ,  x SPD x SMP - (P, -5) x SPD x Price,, 

If one genset can predrt that it wiii be tumed off or generate less than scheduled 

in preliminlvy schedule because of the transmission constraints, it tends to bid low. 

even to zero, because according to equation 7.3, the lower it bids, the higher 

payment it receives. 

Table 7.10 breaks the paymnt for generation outtum into four categories. high- 

voltage constrained-on. high-voltage constrained-off, low-voltage constrained-on. 

as weii as low-voltage constrained-off. 



Total 

- -- 

Hig h-voltage Consuaineci-on 

High-voltage Constrained-off 

Low-voltage Consuaineci-on 

Lo w-voltage Constrained-off 

7.4 Uplift and Losses Management 

As was show in section 2.8, the SMP and CE elerncnts are predetermined, and 

are announced one-day ahead of the spot market trading, while the Uplift eIernent 

and losses payrrrent are cakulated after the trading, and therefore are affected heavily 

by the operational efficiency of the pool and transmission services. 

Basicaliy, the Uplift payment is caused by out-of-merit generation, reserves, 

ancillary services, load forecast errors, generator faiiures, and unscheduled 

availability. Some of the above-rnentioned components and transmission losses are 

cIosely related to pool operation and transmission services and therefore cm be 

managed by the NGC, which operates the pool and transmission network 17- 101. 

Hence, the NGC is able to decrease the Uplift and losses paymnt by uriproving the 

transmission availability, producing more accurate load forecasting, niaking proper 

investment in transmission lines, and so on [7- 1 O]. For example. the NGC can c d  on 

more reactive power to relieve a transmission voltage violation instead of run an out- 

of-merit generator. 

5.6 
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However. unfortunately, stial ly since Vesting Day, the NGC has no economic 

incentive to operate the n;fllsmission network and the pool efficiently, and therefore, 

as shown in figure 7.7, the uplift element increased over time until 1994 [7- 101. 

Please note that the unscheduled availability payment is excluded fkom the Uplift 

payment figure 7.7 since the NGC has no control over it. 

In ApriI 1994, the Uplift Management incentive Scheme (UMIS), which aiiows 

the NGC and pool buyers split the cost-savings in the Uplift and losses, was 

implemented in the EWPP [7- 101. Equation 7.1 shows how the UMIS worked in 

1994 / 1995, i n d i c a ~ g  that the extra profits the NGC would o btain was a piecewise 

Linear function of the value of U p M  payment less the unscheduled avahbility 

payment. For example, if the Uplifc excluding unscheduled availability payment was 

less than 490 miilion£. the NGC would receive 25 million£, while if it exçeeds 660 

million E . the NGC wouId have to pay 20 million E back to customers where X 

refers to the total Uplift payment less the unscheduled availability payment and Y 

refers to the extra profits or fines assigned on the NGC. The unit of both X and Y is 

million £. 



The UMIS worked for 18 months and then in 1995 was replaced by 

Transmission Service Scheme (TSS), which was a refinemnt of the UMIS [7-101. 

The TTS split the Uplifr into several cornponents and designcd cost-saving shares 

between the NGC and custorners for each component and transmission losses. Both 

plans. especially the TTS. successfulty achievcd their goals. which are to minimize 

the Uplift payment and losses paymnt. as was shown in figure 7.7. 

. . . . . . . . 
Figure 7.7 Upiia Paymem (exchdiag unschdriitd 

. . 
a e b i l i t y ) p - r q  . .  '. 

152 



Ch. 8. Vanous IyVes in E-d Wales Power In- 

Chapter 8 Various Issues in England and Wales 

Power Industry 

To provide a broader view of the England and Wales power industry reform, in 

this chapter we present an extensive review regarding the operation of the 

transmission, distribution and supply businesses. Rice-caps contro l, and CO ntracts for 

differences (CFDs) w hich are heavily used in England and Wales are also discussed 

together with the implementation of retail cornpetition scheduled to appear in 1998. 

8.1 The Transmission Business 

The National Grid Company (NGC), which operates the 175 kV and 400 kV 

high voltage transmission system O wns 7,000 km of transmission h e s  and over 200 

substations [8- 1). initially, after Vesting Day, the NGC was owned by twelve REG, 

but it was sold off to the public, and is currently listed in the London Stock Exchange 

[X-31. Being the  only service provider in the transmission business and regulated by 

OFFER. the NGC is responsible for the efkient, coordinated, and economic transfer 

of electricity as weli as for the provision of open access to the grid [8- 11. 

Generation utilities and supply companies which rneet the requirernents of the 

Grid Code are rtllowed to connect and use the grid. The Grid Code d e h e s  technical 

requirernent for access, and specifies many items reiated to transmission services such 

as planning and safety coordination [8- 11. Every year, the NGC is also required to 



pu bhh a S m - y e a r  Srarement, on which the hure  develo pment of the transmission 

system is based [8- 11. 

S. 1.1 C harnes for Transmission Servicq 

The rate charged by the NGC for transrrrission services has two components. one 

is for maintenance and construction, the other for gid operation. The maintenance 

and construction of the national grid prices are under a cap regulation, thus, are not 

included in the pool prices. The grid operation (reactive power provision, 

transmission constraint coordination, etc.) is under EWPP management. 

The costs associated with the operation of the grid are dircctly passed through 

the pool to the customers via the Uplift corriponent of the pool seii pricc (PSP) [8-21. 

On the other hand, the charges for transmission systern maintenance and consmction 

are paid to the NGC by the gensets, RECs, and Large customers outside the pool. 

These charges are. of course, indirectly passed down to the end consurners through 

the genset bids and contracts for différence (CFDs), on the one hand, and through the 

supplier pass-though factors (see section 8.2.4), on the other. The charges for 

transmission system maintenance and construction consist of two parts, namely, (i) 

the connection to and (ii) the use of the transmission network. The charge for 

CO mection is irnposed on aii users which directly connect to the grid according to the 

user's size [8-11. Alternatively, the charge for the use of the network is paid by the 

generators and suppliers in proportion to the amount of power aansfened by the 

grid. This charge, in turn, has two rate components, one ked ,  the ot her variable. The 

fixed rate is paid equaily by aii generators and suppliers, whiie the variable rate 

depends on the location of the network user. 

The location-based variable rate for the use of the transrriission grid differentiates 
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among fourteen s e a s  in England and Wales 18- 11. Generaliy. there is a negative 

charge for generation in the south where the load is the heaviest, and a positive 

charge in the nonh where there is an excess of generation 18-21. However. when 

combined with the fixed rate component, the charge for the use of transmission 

network is always positive 18-31. The logic behind the variable element charge is that 

the generation in the south aiieviates potential transmission congestion wMe the 

generation in the north aggravates it. 

The charge for the transmission system maintenance and construction described 

above. CM=, is summarised in equation 8.1. 

where CcoN refers to the charges for comection to the grid which are independent of 

the amount of power transferred, while COSEC and C,, respectively refer to the 

constant and variable network use charge component. 

8.1.2 Renulation of the Transmission Maintenance and Construction R a t e  

Since the transmission business is a monopoly, regulation of its rates becornes 

necessary. The regulating body, OFFER, has adopted a p r i e  cap regulation to 

control the transmission system maintenance and construction charges by iimiting the 

annuai rate increase based on the so-called RPI - X formula In this formula, RPI is 

the retail price index, while X is a potential productivity gain by the transmission 

business as estimated by the regulating body, OFFER. The factor X was set at 3% 

until April 1997 [8-11. Since significant profits were gained initially by the NGC, the 

price controls fkom April 1997 to March 200 1 entailed an initiai one-tirne reduction 

in the transmission service rate in the k s t  year of 20%, fouowed by RPI minus 4% 
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in each of the following years [8-11. Detded  discussion regarding the above 

reduction wiü be presented in section 8.3. 

8.2 Distribution and Supply Businesses 

Before Vesting Day, there were tweive state owned Area Boards responsibie for 

dismbuting and suppiying elecmcity to customers in England and Wales. Since 

Vesting Day, the direct successors of these twelve Area Boards, that is, tweive 

Regional Eiecuicity Companies (RECs), have assurned responsibility. Moreover, the 

responsibilities of A x a  Boards have been divided into two specific business, 

distribution and supply. The distribution business refers to the operation of the 

distribution network, whiie the supply refen to the business of facilitating made of 

elecmcity fiom the EWPP to custorners. 

RECs are the only entities involved in the distribution business. On the other 

hand, the suppIy business, which refers to the trading of electricity with final 

customers, large or sniall, is handled by both RECs and other players, caiied second- 

tier suppliers in England and Wales. The nature of second-tier suppliers is dkussed  

in more detail in section 8.2.3. 

8.2.1 The Distribution Businm 

The distribution business, operated and maintaineci by the RECs as a monopoly, 

uses the  distribution network to deliver eleçaiçity fiom the high voltage grid to 

individual custorners. To faciiitate competition, RECs are required to provide open 

access of their distribution networks to second-tier suppliers. 
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The charge for the use of the distribution network is also controlled by a price 

inL*ease regulation which supervises the annual price increase based on the so-cailed 

RPI - X formula discussed in 8.1.2. Since Vesting Day, the factor X was initially set 

in the range fkom O to -2.5% depending on the RECs 18-11. In August 1994. the 

regulating body, OFFER required that distribution charges be reduced by an amount 

ranging 6om 1 1 % to 17% (depending on the RECs) cornrnencing in April 1 995 [8- 

11. This pnce reduction was to be foiiowed by a further 2% per year in the  

subsequent four years [8- 11. Later, OFFER proposed further reductions of between 

10% and I3%, staning fiom April 1996, foliowed by a further 3% per year for the 

subsequent three years [8- 11. The reason of these deduction wiU be dkcussed in 

section 8.3. 

Typicaily, the distribution business produces rnost of the profits in the RECs. A 

typical REC with an annual revenue of about £330 million has profits of around £ 

120 million [8-11. 

8.2.2 The Supolv Busineq 

In general, to create competition, it is necessary to split the electricity industry 

into four distinct businesses, namely, generation, transmission, distribution, and 

supply. The transmission and distribution businesses, by their nature, have only 

limited scope for competition, and therefore, are rnonopoly operated and regulated 

in England and Wales. The emphasis of competition, therefore, lies in elecvicity 

generation and supply. 

In England and Wales, competition in generation was Unplemented abmptly in 

1989, while cornpetition in the supply was introduced graduaiiy over several years. 

Jestuigly, the deregulation of the UK power industry was known as a "half-market" 



since, until the writing of this thesis. only generation conipetition had k e n  fuly 

implernented. However. cornpetition in supply Mproved over t h e  and is expected 

to be completely impkmnted by 1998. Table 8.1 and figure 8.1 show the evolution 

of the expanding scope in the cornpetitive elecaicity supply market of Engiand and 

Wales [8-8, 8-91. 

8.2.3 The SUDD~V Market Structure 

1 

In the EWPP, two types of electricity supply companies are allowed to seli 

elecaicity to end consumers. narnely, RECs and second-tier suppliers. RECs have a 

monopoly within their approved area to supply end customrs, while second tier 

suppiiers are aîiowed to seii to any custorner with a peak demand over 100 KW in 

any area. RECs cm also act as a second-tier supplier within the authorized area of 

O ther RECs. In addition, somt generation utilities also play the role of second-tier 

suppliers. It is the presence of the second-tier suppliers that introduced a degree of 

competit ion into the electncity supply market. 

Until 1998, çustomers in the Engiand and Wales are also classified into two 

types: ( 1)  Consumers with peak load less than 1 MW are kanchisc customers who 

Large Custorners 

Medium Customers 

Srnaii Custorners 

Size (MW) 

> 1 

> 0.1 a d  < 1 

4 . 1  

Date of 

kregulation 

April 1989 

April 1994 

Aprii 1998 

Numbtrsof 

Custorners 

5 , m  

45,000 

22,000,000 

Perctntof 

Demand 

30 

20 

5 
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must buy from their local REC, (2) Consumers with peak load exceeding 1 MW are 

non-hnchise customers who c m  buy either fiom their local REC or from second-tier 

suppliers. in other words, non-franchise consumers are aiiowed to shop around for 

the best prices. 

The above litnit of 1 MW was reduced to 100 kW in 1994 and WU expire in 

1998. in 1996, the 100 KW and above market contained about 55,000 customers [8- 

11. Afitr 1998, dl customers, regardless of the size, will be fkee to choose suppliers. 

25 million 

i Nstomers 
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8.2.4 S u ~ p l v  Price Remdation of RECS 

Since RECs have a mnopoly and a responsibility to sell electricity to their 

franchise customers, price conaok become necessary. Thus, prices are controued 

on the basis of the so called RPI - X + Y formula [a-41. In this formula, RPI is the 

suppiy price index, that is, the rate of inflation, while X is a potential productivity 

gain by the REC as estimateci by the regulating body. OFFER. The purpose of this 

enforced reduction is to encourage the REC to improve its operational efficiency. 

The factor Y is a so-caiied pass-through factor which lumps the cost increase in 

transmission, distribution, and elecmcity purchase costs as weli as the Fossil Fuel 

Levy (8-2, 8-41. The factor X is included to force the elecaicity supply price to 

decrease over tim and the factor Y is included to ensure that the elecaicity purc hase 

price. plus the aansrnission and distribution costs arc passed on to the end 

consumers. 

The price control of the supply business is also referred as RPI - X in some 

references [8- 1, 8-21. One essence of this formula is that the uncontroiiable elements, 

such as elecnicity purchase price and transmission and distribution charges. are 

passed down to the custorners. These uncontroUable elernents, can be regarded as the 

Y factor of the formula in the last paragraph. 

8.2.5. Comwtition in Ennland and Wala Power S y p ~ l v  Busing~ 

As it tumed out, corripetition for the supply of non-franchise (large) customers 

has become very high. Thus, around 43% (demand-weighted) of the customers with 

peak load from 100 kW to 1 MW buy electricity fiom second-tier suppliers. AU 

RECs, National Po wer, Po weffien, Nuclear Electric, the Sco ttish companies and 

some new companies have aiso become second-tier suppliers, therefore, the prices 



charged to non-franchise =ustomers have undergone significant downward pressure 

[ X -  I l .  

Tables 8.2 and 8.3 show the supply prices in Enghnd and Wales in 1994 and 

1995, and the price variations f?om 1989 to 1996. ln table 8.2, custorners are 

classified into five categonts, namtty, industrial domestic, commercial and pubtic 

administration, transport and agricultural sectors, while in table 8.3, custorners are 

ciassified into three categories according to their assurned capacity. From table 8.3, 

we see that the electricity supply prices in England and Wales decreased for aii 

categones since Vesting Day when the inaation rate is taken into consideration. 

II Industrial Sector 1 45 1 44 

II Domestic Sector 1 74 1 73 

II Commercial and Public Administration 1 62 1 59 

II Transport Sector 1 56 1 45 

II Agricultural Sector 1 - 68 1 ,- 66 
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Maximum dernand (KW) 

Maximum consumption (MWh/year) 

Price in 1 993 / 1 994 (E /MWh) 1 56.7 1 d a  I d a  

500 

Annuai load factor 

Price in 1 989 / 1990 (E /MWh) 

Price in 1 Y 95 / 1996 (E /MWh) 1 51.2 1 45.1 1 40.3 

1,752 

Price in April, 1996 (£ /MWh) 1 48.6 1 43.6 1 39.8 

2,500 

40% 

46.7 

Price in July, 1996 (E 1 48.7 1 43.9 1 39.7 

10,000 

8,760 

Price in Oct, 1996 (E /MWh) 1 47.6 1 42.7 1 38.9 

52,560 

40% 

45.2 

60% 

39.2 

Cornpared with the pool prices shown in tables 7.4, 7.5, and 7.6, the electricity 

supply prices shown in tables 8.2 and 8.3 are relatively high as the PSP only accounts 

for Iess than 40% of the supply price. However, since most suppliers rely on 

contracts for ciifference (Cms) instead of on the pool seii prkes (PSP) to purchase 

electricity, the above cornparison does not always refleçt the reality. 

Price Change Ratio 89/90 --- 96/97 

Generally, about two thirds of the W supply prke is associated with generation 

cost, approximately 5% transmission, rougNy 25% distribution, and between 1% to 

7% supply charge [8-11. Figures 8.2, 8.3 and 8.4 show the prke breakdown 

components and their typical percentage of the final prkes for different-sized 

custorners [8-61. 

( i n d u d i n t  

-24.5% -30.1 % -26.5% 
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8.2.7 International Electricitv Prices Com~arison 

Tables 8.4.8.5 and 8.6 compare electricity prices in the European Union and in 

the world. In table 8.4, pnces are classîfd into three categones according to the 

customer consurnption capacity. 

From these tables, we can see that the UK ranks as the M h  cheapest out of the 

1 5 European Union member counmes in the domestic supply market, and fourth 

cheapest in the industriai supply market. In world t e m .  the UK electricity prices 

remain cornpetitive. failing niidway in both doms ic  and indusaial price cornparisons 

[8-51. 



11 Maximum consumption (MWyear) 1 1.752 1 8,760 1 52,560 

Customer Classification 

Maximum demand (KW) 

II h u a 1  Ioad factor 

11 Germany 1 84.7 r 79.1 1 63.7 

1 

500 

II Belgiurn 1 68.7 1 64.6 1 47.3 

1 Luxembourg 65.9 54.3 44.0 

II 

2,500 

II Netherlands 1 54.2 1 52.6 1 44.2 

III 

10,000 

II France 1 52.5 1 52.1 1 41.0 

II Greece 
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Austr dia 

S weden 

Portugal 

104.9 110.8 1 14.6 118.1 

Germany Denmark Japan Belgium 

South Norway Canada 

Africa 

S weden New 

Zealand 

Czech 

Repu blic 

Korea 

3 1.2 - 
USA 7 

Luxem Taiwan S ingapore Greece II I I France Nether 

lands 

Japan 7 52.8 - 
Germany 
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8.2.8 The Profit of the Renional Electricitv Comoanie 

In 1994 and 1995, RECs were fiercely attacked because of their continuing high 

profits, ht packages for CEOs and. soaring stock prices [8-71. From Table 8- 

7, which shows the profits and revenues of the major electric companies in Engiand 

and Wales in 1992 / 1993, we see that the profit-revenue ratio of the RECs' 

distribution business, 27.8%. was relatively high. The distribution business accounts 

for a large proportion of the total profits earned by RECs [8-61. 

Company 1 Profit 1 Revenue 1 Profit / Revenue 

I I 
- - 

NGC 350 1,396 1 25.1% 

RECs 

Distribution 

RECs Supply l- n. a 2% (Approriirriatkin) 

The high profits Listeci in table 8.7 can be attributed to the improvernent in 

ninnùig efficiency. staff reduction, as weii as insufficient regulation. One may notice 

t hat  bo t h  generation utiiities, the NGC and RECs obtained high profits. however. 

generation profits, although high, have not been criticized as excessive since the 

generation market is operated competitively. The regulation over the NGC's 
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transmission services was tightened on April 1996 as shown in section 8.1.2. 

The RECs' high profit, as weli as thcir high salaries and soaring stock prices 

brought on regulation changes in 1995. After the f ~ s t  scheduled review of the price 

cap for distribution in 1994, the regulating body, OFFER. forced RECs to reduce 

theu charges by 1 1 to 17% in 1995-96, and, thereafter, an RPI - 2 pnce cap was to 

be imposed until 1999-2000 [8-41. 

These regulation changes shocked the RECs. The Midlands Electricity, a REC, 

said. " We thought everything was settled and sorted out. We were quite surpnsed 

that OFFER planneci to reopen the whole thing 18-71.'' As a result of the change, in 

1995 shares in RECs lost nearly 23% of their value [8-71. 
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8.3 The RPI - X Price Caps Regulation 

The RPI - X price-cap regulation,al~o known as performance-based regulation 

[8-81, is a method adopted by England and Wales for the purpose of restraining the 

NGC and RECsl rnonopoly po wer over pnces. Cornpared with the comrnonly u x d  

rate-of return regulation, it is very new. The main reason for introducing price-cap 

regulation is to provide the regulated companies with a hancial incentive to reduce 

their operational cost, and therefore, to increase the running efkiency. 

in sections 8.1.2,8.2.1 and 8.2.4, we have discussed the application of the price- 

cap regulation in transmission, distribution and supply businesses in England and 

Wdes. In this section, we analyse the advantages and shortcomings of this method. 

8.3.1 How RPI - X Works? 

The general form of prke-cap RPI - X regulation is RPI - X + Y, where Y refers 

to di costs over which the reguiated companies have no controL Supposing PR, is the 

electricity pnce for year t, we can derive the price for the next year as: 

= PR, x (1  + RPI - X + Y) (8.2) 

The factor X is set by the regulating body, and should be reviewed every few 

years. in England and Wales. the review timing ranges fiom three to five years [8-81. 
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8.3.2 The Practice of Price-wJ&@ation in E n m d  and W a l a  

The RPI - X regulation is designed to provide a strong economic incentive f ~ r  

regulated companies to decrease cost and to increase efficiency since companies 

which achieve swings greater than factor X will profit more. In this sense, the RPI - 
X regulation has worked very successfully in England and Wdes, where NGC and 

RE Cs have su bstantially reduced t heir operational costs [a-81. 

However, the RPI - X regulation proved problernatic in aliocating the cost- 

sawig gains arnong elecmcity companies, shareholders and customers. The E n g h d  

and Wales expenence shows clearly that the regulating body has an inclination to 

underestimate the companies' potential to reduce costs, and therefore, sets the factor 

X lower than it shosld be. When the factor X is under-set, most of benefits brought 

by the efficiency gain are aiiocated to regulated companies rather than to the 

çustomers. The initial Mure to set an appropriate factor X in England and Wales has 

proved expensive for customers [a-81. Moreover, subsequent experiences have 

shown the dificulty of correctly setting the factor X. 

From table 8.8, which shows the price regulation over the transmission, 

distribution and supply businesses in England and Wales since Vesting Day, we see 

two major regdation changes, one in the transmission business in 1997, and the other 

in the distribution business in 1995. As discussed earlier, the main reason for these 

reg uiatory changes was the high profits initiaiiy gained by the NGC and =Cs. These 

regulatory changes have raised concerns that the regulating body, OFFER. lacks a 

sense of cornmitment to its previous decisions. and therefore, brings on financial 

uncertainty for new investrnents in the England and Wales electricity industry. 
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11 Regulatory Area 1 Regulntory penod 1 Regdatory method 

I(Transmission(1) 1 04/90-04/93 1 RPI-O 

Transmission (2) 

Transmission (3) 

II Distribution (2) 1 04/95 - 04/96 1 One-tim 11 - 17% Deduction 

Transmission (4) 

Distribution ( 1) 

04/93 - 04/97 

04/97 - 04/98 

tt tums out that the pool purchase price (PPP) fluctuates very sharpiy, with the 

difference king almost LOO times between the highest and the lowest PPPs. For 

example. in December 1996, the lowest PPP was 6.44£MWh whik the highest one 

was 586 .87£ /Wh,  while the load during highest PPP period is oniy about 3 times 

the load durùig the lowest PPP period [8-91. 

RPI - 3 

One-tirne 20% Deduction 

04/98 - 04/0 1 

04/90 - 04/95 

Supply ( 1) 

Supply (2) 

To hedge agauist price voiatility, a hedging market evolved over times, and most 

suppliers and large custorners purchase contracts for daerences (CFDs). lnitially 

since Vesting Day, CFDs were imposed on RECs, National Power and PowerGen 

in order to protect the UK coal industry [8-81. At that t im.  the two privatized 

successors of the CEGB were constraincd by the fuel connacts signed with the highly 

RPI-4 

RPI + X (O r X r - 25%)  

04/90 - 04/94 RPI -0 

04/94 - 04/98 RPI - 2 

8.4 Contracts for Differences 
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priced British coal industry. mus. 0-R decided that RECs rnust buy a certain 

m u n t  of electricity fiom thse two companks to hnit the impact of these conuacts 

and, therefore, to create a fair cornpetitive environment. Therefore, C m s  piayed an 

important role to protect the UK coal industry at the beginning of the restnicturing 

of the  electricity industry [8- 101. Then. later, many other generation utilities also 

entered into the CFD market to hedge against volatility. 

CFDs are purely financial contracts. therefore. are not contracts to physically 

deiiver electricity, but to aansf'er funds. Typicaiiy, there are one-way CFDs and two- 

way CFDs. both of which have a predetermined price caiied the strike price. which 

is the price both seilers and buyers agree on to made electricity. One-way CFD 

provide payment to the buyers (usualiy RE&) when the PPP exceeds the suike price. 

whik two-way CFDs also provide paymcnt to the wliers (usuaiiy generators) when 

the PPP fails below a strike price. 

The foiiowing @es a hypothetical example to show how two-way CFDs work. 

Suppose that the strike price of the contract is 3 0 f / W h .  and the quantity of 

electricity traded is 1.200 W h  daily. if the PPP average dernand-weighted PPP 

during that day is 24£/MWh, the buyer should pay the seller 

1200 x (30 - 24) = 7200 f . Alternatively. if the average demand-weighted PPP 

is 35 E/MWh, the buyer pays 6000 £ to the seller. 

Aimost all generation utiüties are covered by CFDs to hedge against risks. In the 

fust two years following Vesting Day. it was estinutcd that CFDs covered 84.3% 

and 89.1 % respectively of National Po wer and Poweffien's generation (8- 1 11. The 

OFFER report [8- 121 shows that in 1994. about 80% of total demand are covered 

by sorne form of CFDs. and another reference [ l -  il indicates that only 10% of 

electricity is traded at the pool prices, the rest king covered by CFDs. 
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8.5 Future Picture 

As originally planned, full conpetition will be introduced into the supply business 

in 1998. after which a i l  custorners wiü be able to choose suppliers other than their 

local REG. The irnplementation of supply competition is planned in three steps [8- 

1 11. In step 1. which starts in April 1st 1998, 10% of ail sub 100 kW customers in 

each REC are& plus ai l  maximum dernand customers and those taking supply 

through a half hourly mtre are alioweû to choose suppliers. in step 2, which foUows 

13 weeks after step 1, ail remahhg business customrs and a further third of 

domestic custorners are free to choose. Then in step 3, aU remaining domestic 

custorners are allowed to choose. The timing of the third step depends on the 

progress in steps 1 and 2. 

There are more than 30 kensed suppliers in England and Wdes, from whkh 

every custorner c m  purchase power after 1998. It is estimated that there are 25.6 

million custorners in England and Wales below 100 kW [8-111. 

To facilitate supply competition, r n e t e ~ g  becomes very important. OFFER is 

iikely to adopt dif5erent approaches for above and sub 100 K W  custorners. 

For customrs above 100 KW which wish to buy ektricity €rom suppliers other 

than their local RECs, a half-hourly metre must be instaiied ana a metre operator 

from one of the RECs must be appointed. In addition, a suitable communication iink 

to each rnetre is also required to aUow rernote reading. Meters can be purchased or 

leased, with the budget cost for a typical five year Iease and operation agreement 

k i n g  ES00 per metre per annum [8- 141. 

For sub 100 KW custorners, it has been proposed that after April 1998 everyone 

173 
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will be tissigned one of eight standard Ioad pronles. The standard pronles specify a 

means of assessing the average consumption in each half-hour, throughout the year. 

This w d  enable sub 100 KW customrs to change supplier without incurring extra 

rnetering costs. As an alternative approach, hdf hourly rnetering may be instded. 

The readiness of suppliers and customrs for full cornpetition as weii as the 

necessity to instd half-hour rneters for d customers is still uncertain. What is 

certain is that the impact of full competition on elecaicity supply will be huge. 

However. oniy tirne can tell whether the full supply competition in England and 

Wales will be successful Nevenheless, some predictions c m  be made at this t h .  

1. New suppliers will enter the market. therefore, increasing the competition. 

then decreasing the supply pnce. 

2. Suppliers will provide more electricity service options to match the various 

customers' needs. For example, customrs might buy a contract consisting of a trade- 

off between price and reiiability. 

3. Load management will ükely be exercised more frequently since customers 

WU be more sensitive to price variations. 

4. Srnail size customers in rural areas will have to pay higher prices than urban 

customers. 
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Chapter 9 Conclusions 

This thesis studies the electricity industry reform carried out in England and 

Wdes with emphasis on the England and Wales Power Pool (EWPP). in particular. 

the d e s  which govern the operation of the EWPP are studied and rigorous anaiytic 

exp 1 ana t ions for these rules are provided. Four particular questions are targeted, 

namely, (1) the theoretical base behind the EWPP scheduling program which is 

known as GOAL, (2) the purpose for using the Table N B  method in pool payment 

calculations, (3) the reason for adopting mginal cost pricing instead of average cost 

pricing, and (4) the logic for choosing uniform pricing auction over discriminatory 

pricing. in addition to the above-rnentioned four probiems, an extensive review of the 

entire dereguiated ektricity industry in England and Waies is presented which helps 

to understand the electricity industry reform, in particuiar, the poolco mode1 

operation. 

9.1 The England and Wales Power P d  Operation 

The EWPP, which is operated by the NGC and govemed by a set of c o q  iicated 

rules, is the hem of the deregulated elecmcity industry in Engiand and Wdes. 

Essentidiy, the pool is operated as a sealed- bid, multiple-winner electricity auction 

system. However, electricity is a merchandise whkh cannot be stored, and its 

generation cost is not a linear function of the output level therefore, an electricity 

auction is much more complex than ordinary auction systems. 

The EWPP Pool rules presented in chapter 2 are anaiysed and discussed in 

chapters 3. 4, 5,  and 6. The foUowing conclusions c m  be drawn fiom this thesis 

research: 



The GOAL program employed by the EWPP to produce a preliminary 

pneration rhedule for the purpose of determining the pool pnce has a solid 

theoretical basis. Essentially, the GOAL algonthrn is a heuristic derived fkom 

Lagrangian Relaxation and the Switching Curve Law. 

The pool price calculation method should bc designed to ensure that 

generators receive enough payment to cover their long and short-nin costs, 

while pro t ec~g  custorners fkom overcharges. The Table A/B method is such 

an approach. It satisfies the payment adequacy constraintl and, meanwhile, 

decreases the total pool payment charged to the pool elecmcity buyers. 

The pool price is based on marginal rather than average cost pricing policy. 

This thesis concludes that the mginai cost pricing is an appropriate rnethod 

for the EWPP. Under uniform marginal cost pricing and a competitive 

environment, the optimum bidding strategy is to bid at cost and at maximum 

capacity. The bidding strategy is therefore simple and transparent. However, 

an average pricing poiicy under a cornpetitive environment induces bidders 

to increase b i s  above their generation cost, and to restrain their availability. 

The biding strategies nonrially lead to a higher Capacity Element payment 

and a lower system reliability compared to marginal pricing. Furthemore, the 

complexity of the average cost pricing bidding strategy would need more 

rnanpower to figure out the bids. 

The EWPP uses uniform pricing rules which mean that aii winning bidders 

- - - -- 

I 

Payment adequacy consuaint guarantees that winning bidders (genxts) receive a 
total payrnent at least as high as specified in their offer files over the whole scheduled 
horizon. 
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rmeive the sam price for energy production, the S M'P. This thesis co ncludes 

that, under a cornpetitive environmnt* if bidders are neither risk-averse nor 

conservative, the total pool paymnt under udorm and discriminatory 
. . .  

pricing are equaL The dirnmuiatory pricing policy has some advantages over 

the uniform pricing policy, such as sharpening the bidders' awareness of 

competition, and limiting "fkee-loader" ( x e  sections 6.5.3 and 6.5.4), but it 

ais0 has some disadvantages such as cornpressing the merit-order List and 

complicating the bidding suategy. It is apparent that the disadvantages 

outweigh the advantages, and therefore, discriminatory pricing was not 

considered appropriate for the EWPP. 

BasicaUy, the EWPP bidding rules are suitable for electricity auctions. 

However, the d e s  are very cornplex, and not transparent enough. In 

addition, the special market structure in the England and Waies generation 

market makes the rules vulnerable to be abused by the National Power and 

the Po werGen which have notable market power. In particular, the design 

of the Capacity Element calculation is pro bIematic (see chapter 7). 

9.2 The Entire Deregulated Power Industry in England and Wales 

The England and WaIes experiences provide a precious case study for electricity 

industry reform Its experiences, whether successfd or not, are valuable for those 

who are planning to undertake or are undertaking electricity industry reform. 

Generaiiy speaking, the England and Waks electricity industry reform is a 

clear success because the financial efficiency in many electricity utilities has 

k e n  improved while the reliab'ity has not been hurt. The England and Wales 

mode1 shows that wholesale competition is possible by divestiture, 



privatkation. resm-g and regdatory changes, and that the poolco mode1 

is a prachcal and easy approach to introduce cornpetition. In addition, in the 

UK, the environmental effeçts of electricity reforrn have turned out to be 

positive because of the replacement of the coal plants by gas plants. 

However. the Enghnd and Waks tempbte is not perfcct and somc problems, 

as discussed later, still exist in the newly deregulated system 

Basicaliy, the England and Wales generation market is dominated by two 

generation companies, National Power and Po werGen, which in 1996 O wned 

more than 50% of the total generation capacity. This duopoly market 

structure, together with the weakness in the EWPP pool price calculation 

method, open gaming opportunities for generation companies to game. 

Essentiaily, National Power and Poweffien have control over the system 

marginal price (SMP) and the capacity element (CE) by increasing bids or 

withholding bidding generation availability. The Uplift elernent is also a 

gaming O bject because of the disçrepancy between the prelimuiary generation 

schedule and actual generation. To protect custorners, the regulating body, 

OFFER rnade severai nile changes, however, these changes did not solve the 

pro blem completely. 

The transmission, distribution, and supply businesses in England and Wales 

are regulated by so-caiied RPI - X pnce-caps regulation, which is designed 

to provide the regulated cornpanies with an econornic incentive to improve 

ninning efnciency. However, the difficulty of sctting a proper factor X caused 

several probiems. Generally, in the England and Wales electricity industry, the 

factor X was set too low, so that the efficiency improvemnt was not 

ailocated evenly arnong the regulated companies and custorners. 
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* AS of 1998, retail competition is ody partially irnplemnted. Wholesale 

competition, by itself. can only improve the economic efficiency of electricity 

companies, but does not necessarily bring benefits to custorners. As it turns 

out in England and Wales, almost aU electricity companies have increased 

their profits since Vesting Day, some doubhg their profits. However, 

although the supply price decreased. this drop was not substantiai. 

a The EWPP, which is operated by the NGC, is a centralized entity which 

handles the electricity auction process. There is no natural econornic incentive 

for the NGC to operate efficiently, and therefore, to decrease the Uplift price 

element. 

9.3 The Electricity Industry Reform 

Sorne general ideas regarding electricity industry reform c m  be extracted fiom 

the England and Wales expenence. 

(+ To create a fair competitive environment in the wholesale market, it is 

necessary to control the market shares of generation companies to prevent a 

group of companies £tom dominating the market and manipuiating the price. 

in this sense, the England and Wales eleçtriçity industry reform is not a good 

e xarnp le. - The competitive electricity market is operated under some rriarket rules. 

whose success can be judged by the extent to which they can effectively 

cornpress aii potential excessive-profit-making oppormnities. In a deregulated 

environment, competition will prompt players to seek ail possible 

opportunities to increase profits, and it is impossible to m;tke market rules 
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perfect at the begi-g. Therefore, it is the reguiator's responsibility to 

idente  di gaming opponunities and to modw the rules to iimit these 

opportunities. 

Wholesale conpetition. by itself, does not necessarily decrease the retail prices 

because in the absence of retail competition h a 1  customers do not have a 

choice. Therefore, the typical problerns found in a reguiated rnonopoly stiii 

exist without the introduction of re td  competition. 

The price-caps "RPI - X" regulation is designed to provide the regulated 

companies with an incentive to increase theu operationai efficiency, and it can 

be successfuiiy introduced into the elecaicity industry reform if a proper 

value of the factor X can be found. EssentMy, the factor X determines the 

allocation of the irnprovernent in efficiency among regulated companies and 

customers. 
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