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PREFACE

The introduction of market disciplines into the operation and structure of
utilities represents a very bold experiment in a key part of the infrastructure
of developed countries. The change has not been without its opponents and
some countries are choosing not to follow the UK example. Some see the
need to maintain strategic control as overriding the benefits of full competi-
tion. They see a degree of central coordination as essential while others
believe the market will solve all. Those countries that are actively pursuing
the introduction of competition are not all choosing the same model and
there is a wide spectrum of opinion on the best approach. At the time of
drafting this text the market in England and Wales is some eight years into
operation and it is considered timely to review what the experiment has
delivered and what will lie ahead.

[ am fortunate in having worked in the area of power system economics
both with a state utility and in a deregulated environment and am therefore
able to make a detailed comparison of the two approaches. I have also closely
followed developments in other countries to draw out the differences and
their significance. I have tried to take a neutral position and be as objective
and factual as possible with, hopefully, not too much rhetoric and I apolo-
gise if this does not appear the case.

The book is intended to be of value to all those associated with the
industry, including investors, facility and service suppliers, the new market
players and academics involved in teaching and research. It focuses on the
analysis of markets and their mechanisms to help develop understanding and
in particular on the approach to investment appraisal as being a key deter-
minant of future prices.

The industry has in the past always maintained a public service culture
with the focus of keeping the lights on albeit sometimes at the expense of
what might be considered economic. In the new environment shareholders
are a dominant force and it remains to be seen how well this serves the
general public interest. For my part I would like to see the industry succeed
and hope this book helps.

Barrie Murray
Barriemurray.Ems@btinternet.com
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availability

LOLP lagrangian multiplier

capital cost

accumulated energy output of generator
generator cold start

demand

declared net capability

state variable indicating whether generator is flexible or not
transmission export limit

fixed cost

generator

generator incremental price

hours

generator hot start

interest rate

transmission import limit

income

unconstrained incremental price
generator lower output limit
demand lagrangian multiplier

loss of load probability

minimum stable generation
generator merit order cost

generator minimum off time
generator minimum on time

load

maximum allowable charge in year t
variable indicating generating unit is on
genset metered payments

price

per unit availability

pool purchase price

pool reserve price

price/kw in year t
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Xviil
Q consumer consumption
RPI retail price index
SD variable indicating generating unit is shut down
SDD settlement day duration
SMP system marginal price
SPD settlement period duration
STC startup cost
TAU table ‘A’ uplift
TCA total actual cost of metered energy
TCW total scheduled unconstrained energy
TGD total gross consumer demand
TGRP total generation reserve payments
u utilisation
U uplift
UL generator upper output limit
VARCOST average cost of production based on heat rates and tuel prices
VC variable cost

VLL value of lost load



CONTENTS

PREFACE XV

SYMBOLS Xvii
PART ONE A REVIEW OF MARKET STRUCTURES
AND MECHANISMS 1
Chapter 1 Introduction 3

OBIJECTIVES 3

INTERNATIONAL PERSPECTIVES 4
COMMERCIAL ARRANGEMENTS 7
IMPLICATIONS 8

THE ANALYSIS 9

Chapter 2 Alternative Market Structures 11

THE GrOSS PooL 11

BiLATERAL TRADING — THE NET PooL 13
THE SINGLE BUYER 14

ZonNAL Pools 15

MiXED GENERATION 16

STATE UTiLity 16

TRANSMISSION ISSUES 17

SuppLY ISSUES 18

STRANDED ASSETS 18

MARKET COMPARISONS 19

Chapter 3 Market Mechanisms 21

PRICE SETTING 21
SECURING AVAILABILITY 22



Vlll CONTENTS

AccOMMODATING TRANSMISSION CONSTRAINTS 23
ENABLING DEMAND SIDE PARTICIPATION 24
CAPTURING DATA FOR SETTLEMENT 25
CALCULATING PAYMENTS 25

UNIT COMMITMENT 29

CONCLUSION 30

Chapter 4 Markets in Operation 33

RELIABILITY 33
COMPETITION 35

PRrICE TRENDS 38

SMP v DEMAND 39
INVESTMENT 40

EFFICIENCY IN OPERATION 43
CONCLUSIONS 44

Chapter 5 Market Modelling 47

SoLUTION PROCESS 47
PRODUCTION MODELLING 51
CONCLUSIONS 55

Chapter 6 SMP Theory and Optimal Plant Mix 57

SMP DERIVATION 57

DERIVATION OF OPTIMAL PLANT Mix 58
SMP ESTIMATION 61

CONCLUSIONS 62

Chapter 7 LOLP Theory and Optimal Margin 65

THEORY 65

LOLP v MARGIN 66

CoMPARISON OF THEORY WITH MODEL AND ACTUAL 68
LOLP AND POOLING 68

OPTIMUM INVESTMENT LEVEL 70

CONCLUSION 71

Chapter 8 Idealised Tariffs 73

Basic PRINCIPLE 73
IDEAL PRICE DERIVATION 74



CONTENTS

ActuAL SMP PRICES 75

LOLP anp CAPACITY CHARGE 76

BST 78

ComPARISON OF AcTuAL PSP witH BST 79
THE OPEN SuPPLY MARKET 80
CONCLUSIONS 81

Chapter 9 Review of Market Shortcomings 83

MARGINAL PRICING 83

PLANT Mix 84

PLANT MARGINS 85
TRANSMISSION MANAGEMENT 86
CONSUMERS 86

SECURITY OF SUPPLY 87
CONCLUSIONS 88

Chapter 10 A Medium-term Market based on
Lagrangian Relaxation 89

THE REQUIREMENTS 90

THE PROCESS 91

THE THEORY 91

COMMERCIAL ARRANGEMENTS 94
OTHER IMPROVEMENTS 95
BENEFITS 96

CoNCLUSION 96

PART TWO GENERATION INVESTMENT APPRAISAL 99

Chapter 11 Basic Principles 101

CLASSICAL APPROACH 101
PRE-PRIVATISATION APPROACH 102
POST-PRIVATISATION APPROACH 103
SHORTCOMINGS 105

CONCLUSION 105

Chapter 12 Predicting SMP and Income 107

ESTIMATION OF INCOME 107
BIDDING STRATEGY 108



CONTENTS

GENERATOR COSTS 108
PROFIT FORECAST 109
PREDICTING UTILISATION 110
PREDICTING SMP 113

RESuLTS

114

FORWARD PRICING 115

CONCLUSIONS

Chapter 13

119

Market Share and Appraisal Process 121

THE PROFIT FUNCTION 121
CALCULATING TOTAL PrOFIT 122

OVERVIEW OF

PROCESS 125

MODELLING UNCERTAINTY 126
ALTERNATIVE COMPANY INTERACTION MODELS 128
COMPARISON WITH ACTUAL 130

CONCLUSIONS 130
Chapter 14 Predicting Multiple Company Interaction 133
THE SYSTEM MERIT ORDER 133
THEORETICAL DERIVATION OF PROFIT FUNCTION 134
RESULTS 135
CHANGING CAPACITY AND DEMAND 135
MULTIPLE INTERACTION 136
MODELLING INTERACTIVE EXPANSION 138
Risk AND OPTION EVALUATION 139
CONCLUSIONS 140
PART THREE TRANSMISSION INVESTMENT APPRAISAL 143
Chapter 15 Review of International Structures 145

THE REGULATED MONOPOLY 145
OBIJECTIVES OF A MARKET STRUCTURE 146
INTERNATIONAL PRACTICE 146

DiscussioN

Chapter 16

151

Cost Apportionment and Benefit 153

CosT APPORTIONMENT OF EXISTING SYSTEM 155
THE BENEFIT FUNCTION 155



ASSESSMENT OF GLOBAL BENEFIT 157
NEw INVESTMENT TYPES 160
CONCLUSIONS 161

Chapter 17 Interconnection Evaluation 163

INcOME AND CoSTS 164

EFFECT OF INTERCONNECTION 164
THE OpPTIMAL WHEEL 165
ExAMPLE 166

TRANSMISSION PROFIT 168
SYSTEM WHEELING 169
CONSUMER REACTION 170
DiscussioN 171

Chapter 18 Managing Constraints 173

CONSTRAINT CoSTS 174

PosT-MARKET SETTLEMENT — UPLIFT DEFINITION 175
COMMERCIAL ARRANGEMENTS 176

TRANSACTION MODEL 177

THEORETICAL FORMULATION 178

MODELLING IN OPERATION 180

CONCLUSION 182

Chapter 19 Optimal Investment and Qutage Planning

MODELLING 184

LoADING PROGRAMME 184

THE CosT FuNcTION 185

DERIVATION OF OPTIMAL OUTAGE PATTERN 186
EXAMPLE 187

FULL-YEAR ASSESSMENT 188

INVESTMENT EVALUATION 189

COMMERCIAL ARRANGEMENTS 190

CONCLUSION 191

CONTENTS

183

PART FOUR THE IMPACT ON UTILITY OPERATIONS

193

Chapter 20 Impact on System Operation 195

KEEPING THE LIGHTS ON 196
FACILITATING THE MARKET 199

Xi



CONTENTS

THE INDEPENDENT SYSTEM OPERATOR 201
CONCLUSIONS 202

Chapter 21 Impact on System Development

GENERATION PLANNING 203
TRANSMISSION 205
DISTRIBUTION PLANNING 207
CONCLUSIONS 208

203

Chapter 22

GENERATION

The Commercial Infrastructure 209
210

TRANSMISSION 211
DISTRIBUTION 212
SUPPLIER INCOME 212
LICENCED/UNLICENCED 213

CULTURE 213
TAKE-OVERS AND MERGERS 213
CONCLUSION 214
Chapter 23 The IT/Communications Infrastructure

BACKGROUND 215
NEw REQUIREMENTS 216
DESIGN CONSIDERATIONS 217

STRUCTURE

217

STATION LINKS 219
CONCLUSIONS 219

215

PART FIVE THE CHANGING MARKET FOR FACILITY
PROVIDERS 221
Chapter 24 New Businesses and Drivers 223

NEW INTERFACES AND DRIVERS 224

New NEeDs

224

SUPPLIER RESPONSE 225

FUTURE

226



Chapter 25
and Distribution 229

AcTUAL DEVELOPMENTS 230
PROJECTED MARKET NEEDS 233
CONCLUSIONS 237

Chapter 26

METERING SYSTEMS 240

CoMMERCIAL DATA HANDLING SYSTEMS 242

SETTLEMENT SYSTEMS 242

ASSET MANAGEMENT SYSTEMS 243
OPERATIONAL SYSTEMS 244
CONCLUSIONS 245

CONTENTS Xlll

Primary Plant for Generation, Transmission

IT Metering and Telecommunications 239

PART SIX

THE MARKET AND THE FUTURE

247

Chapter 27

INTERNATIONAL PRACTICE 250
EXPERIENCE 251

IMPACT ON GENERATION AND TRANSMISSION
THE NucLEAR PosITION 252

GAs ELECTRICITY ARBITRAGE 253
IMPACT ON INVESTMENT 254

Chapter 28

THE MARKET 255

GENERATION INVESTMENT APPRAISAL 256
TRANSMISSION INVESTMENT APPRAISAL 258
THE IMPACT ON UTILITY OPERATIONS 259
THE CHANGING MARKET FOR FACILITY PROVIDERS

Conclusions 255

Chapter 29 The Future 261

ARE MARKETS DELIVERING BENEFIT? 261
THE EconoMmIC THEORY 262

The Role and Effect of Regulation

249

260



X1V

CONTENTS

ALTERNATIVE STRUCTURES 263
ALTERNATIVE WORKING ARRANGEMENTS 264
THE WAY FORWARD 265

FURTHER DEVELOPMENTS 266

CONCLUSION 266

SELECT BIBLIOGRAPHY 267
GLOSSARY 271
INDEX 273



PART ONE

A REVIEW OF MARKET
STRUCTURES AND

MECHANISMS

Part 1 describes alternative market structures and their benefits and short-
comings in promoting an optimal generation margin and mix and in reducing
prices through competition. It discusses how the choice of structure will
be influenced by the inherent topology of the network and the state of
evolution of the system. The development of a suite of models to appraise
investments is described and the essential features of production costing
models are highlighted. These are used to simulate hour by hour operation
of the market and analyse some of its features. Market mechanisms are
discussed and a relationship is established between the System Marginal Price
(SMP) and generation plant mix to illustrate SMP volatility. The theory
behind the Loss of Load Probability (LOLP) payment is introduced and it
is shown how a theoretical optimum can be derived when the combined
consumer LOLP payments and the capital costs of additional generation reach
a minimum. This is used to illustrate the arrangements necessary to realise
the optimum generation margin in practice. Basic tariff theory is introduced
and a comparison is made of actual prices against an idealised bulk supply
tariff to show how energy prices in England and Wales may have risen
in excess of what might have occurred under the previous cost based regime.
This part concludes with proposals for improving the market and in particu-
lar advocates a new approach to encourage optimal capacity planning
using Lagrangian techniques to indicate market needs without loss of data
confidentiality.



