NOTE TO USERS

This reproduction is the best copy available.

®

UMI

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



University of Alberta

Price Behaviors in Deregulated Power Markets

by

Ying Li

A thesis submitted to the Faculty of Graduate Studies and Research in partial
fulfillment of the

requirements for the degree of Doctor of Philosophy

Department of Mechanical Engineering

Edmonton, Alberta
Fall 2004

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3

Library and
Archives Canada

Published Heritage
Branch

395 Wellington Street
Ottawa ON K1A ON4

Canada Canada

The author has granted a non-
exclusive license allowing the
Library and Archives Canada to
reproduce, loan, distribute or sell
copies of this thesis in microform,
paper or electronic formats.

The author retains ownership of the
copyright in this thesis. Neither the
thesis nor substantial extracts from it
may be printed or otherwise
reproduced without the author's
permission.

Direction du
Patrimoine de I'édition

Bibliothéque et
Archives Canada

395, rue Wellington
Ottawa ON K1A ON4

Your file Votre référence
ISBN: 0-612-95968-6
Our file  Notre référence
ISBN: 0-612-95968-6

L'auteur a accordé une licence non
exclusive permettant a la

Bibliothéque et Archives Canada de
reproduire, préter, distribuer ou
vendre des copies de cette these sous
la forme de microfiche/film, de
reproduction sur papier ou sur format
électronique.

L'auteur conserve la propriété du
droit d'auteur qui protége cette thése.
Ni la thése ni des extraits substantiels
de celle-ci ne doivent étre imprimés
ou aturement reproduits sans son
autorisation.

In compliance with the Canadian
Privacy Act some supporting
forms may have been removed
from this thesis.

While these forms may be included
in the document page count,

their removal does not represent
any loss of content from the

thesis.

| Lol ]

Canada

Conformément a la loi canadienne
sur la protection de la vie privée,
guelques formulaires secondaires
ont été enlevés de cette these.

Bien que ces formulaires
aient inclus dans la pagination,
il n'y aura aucun contenu manquant.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Dedicated to
my parents Shujuan and Jisheng and my beloved Lue

for their love, encouragement, and support.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ACKNOWLEDGMENT

Completion of this thesis is the last step of my three and half year enterprise at
the University of Alberta. | have incurred a number of personal debts of gratitude
and | would like to express my sincere appreciation to all those who have, directly

or indirectly, helped me during my research.

My largest debt of gratitude is to Peter C. Flynn who introduced me to this
challenging field, and has continuously supported and indispensably encouraged

me throughout this research.

| am appreciative to Sirish Shah and Wilsun Xu who provided helpful

comments and encouraging dialogues.

My thanks go to Ezra Beeman of the Cambridge Energy Research
Associates for his valuable observations, discussions, and contributions to power

data.

| gratefully recognize the financial support of the Power Pool of Alberta (now
renamed as the Alberta Electric System Operator) and Canada’'s Natural

Sciences and Engineering Research Council.

My appreciation goes to Peter Moritzburke of the Cambridge Energy
Research Associates who provided valuable data. Many of the power markets
provided data without assessing their normal charges, and responded to
numerous enquiries; | express thanks to Kenneth Andreassen in Scandinavia

and Jennifer Novak in Australia who were particularly helpful.

Last and not least, | wish to express my gratitude to Wayne Pittman, Gail
Anderson, Linda Paulic, Helen Wozniuk, and Mary Rivard in the University of
Alberta for the assistance they have given to me over the last three and half

years.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE OF CONTENTS

CHAPTER 1 INTRODUCTION ......ooriietrinicmtesssraerssscemrrreseessssnnnessesasaresssansesenes 1
1.1 RESEARCH MOTIVATION ....oetintieiriiiiiecissenesinreennreestenessnssensesenseassnenesssessnsneas 1
1.2 RESEARCH FOCUS oottt ee et e e vaaebrseaseenerenes 2
1.3 RESEARCH METHODOLOGY ...oviviiiiiriiiirieieiierieeeeeeseeeaereereeeasasesesseeessessssessseanees 3
1.4 ARRANGEMENT OF THE THESIS......cutuuteiueirierereererreeeereereeieesieeeseessineaeeseaaeeeneens 3

CHAPTER 2 DIURNAL PATTERNS OF POWER PRICES .........cccccveeverermerinncn. 7
2.1 INTRODUCTION ..ottt eeiireeranrereeenieeessneeaesaneeessaarteeesssne e satneeessansrasessnseeesnns 7
2.2 ELECTRICAL POWER PRICE DATA ....oitiiiieiiee et sieere et 10
2.3 DIURNAL PATTERNS OF POWER PRICE ......ccocuviiirerinierenireceneeesincsnneresenieesnnees 13
2.4 FILTERING DATA: REMOVING THE IMPACT OF PRICE EXTREMES.........cc0cee... 21
2.5 DIURNAL PRICES VS. DIURNAL LOAD, AND DIURNAL PRICES VS. EXCESS

GENERATION CAPACITY ..utiiiiriiereeisieeeeeeesresesneressnessseassneresnsesansnesssreasnnes 26

2.8 DISCUSSION....ccuiirieitrieesetieereaaraaesaerteeerataeseaanseaesssaeassaseneesennssensessssnsanns 35
2.7 CONCLUSIONS......cteiieeiieeenititeeeeie e e s sttt e sesece e sesateeeeeasnasssasneeeessnaaseeansanens 35
2.8 ADDITIONAL INFORMATION OF DIURNAL PATTERNS .......cceimrerrererineeesieeaseens 37
2.8.1 Web Sites for Power Pools / Markets............ccoeevcvvvceeecivvecseiesinanane. 37
2.8.2 Maximum and Minimum Daily Power PriCes ............ccoovveeevvveveernen.n. 38
2.8.3 Detailed Cross Correlation in Power Prices Between Markets........... 41
2.8.4 Effect of Data Fillration .............cccovvivvvviiieeeiiiriicivissssessecssiisressessennanns 42
2.8.4.1 Effect of Data Filtration on Diurnal Price Patterns........................ 42
2.8.4.2 Effect of Data Filtration on WD/WEAPR...........cccceeviiieiiiiienee, 48
2.8.4.3 Effects of Data Filtration on Weekend Prices.......cccccvvvvveeeerinnns 49
2.8.4 4 Effect of Data Filtration on Overall Prices........cccooccvivivii e, 51
2.8.5 Relationship between Weekend Prices and Load..................ccceeun.... 53
2.9 REFERENCES ...c.uuttiiuiieiireentreeaieeesinseseseenssesesaseesaseessnsasssesssnsesasnsessnsseessnnes 54

CHAPTER 3 VOLATILITY OF POWER PRICES.........cccoiiemrmtirsnerennnersecsseenns 57
3.1 INTRODUCTION ....cvteuiiieeiiereetneasteeeiresesreessseassaeessaseesnsseesenssanseesnssensnsessnnseanns 57

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3.2 POWER PRICE DATA. ..ottt ittt st ere s e et eett e retaeesteaesertnsestsreaesrensaranes 58

3.3 POWER PRICE VOLATILITY ...ecuttriiieeesreanreeseeeireseessieeeeesneasaneesnesaresnessnneens 59
3.4 UNEXPECTED PRICE VELOCITY ...eeiiiiierieiieeeertrteeeeemenraeniereeseneeneeeemree e sennes 65
3.5 RELATIONSHIP BETWEEN VOLATILITY AND PRICES ......cccvvniiinieciiannrncrreniens 69
3.6 SOME REFLECTIONS ON POWER PRICE VARIABILITY .....ocoveiririnnnnenrireeenenenes 72
3.7 CONCLUSIONS......ueieeiieecteeesteeesutessteesnseeessne s seeeasnessseesmsenaessaessnsessnsneesnnes 74
3.8 ADDITIONAL DATA OF PRICE VOLATILITY ..ueiriiiirenesrrenrsreneesemreesecsmeeee e 74
3.8.1 Definition of Price VEIOCY.......cccoviuiviieviirieiiiiaesesereivees e vessvrinievesanean 74
3.8.2 Price Velocity of Weekend and Overall Prices .............cccovvvvvnieecvnnnnnn 76
3.8.3 Definition of Expected and Unexpected Price Velocity....................... 77
3.8.4 Expected Price Velocity and Unexpected Price Velocity.................... 79
3.8.5 Price Velocity and Normalized Daily Average Prices ......................... 81
L9 REFERENCES .....oeittitereiienseesseessranssesereessesssesssssssseessessasassssssessssesssesssenessenns 83
CHAPTER 4 POWER PRICE CHANGES OVER TIME.........cccccvvriinrccenninennnns 85
4.1 INTRODUCTION ....euteeeresireanreseeesseesseessaessseasseesenensessssessnessesnssessssesssessssnsenns 85
4.2 TIME PATTERNS IN STABLE MARKETS ....cvtiiivieritiienireereeaneeeseeesssneesneeeesaees 89

4.3 TIME PATTERNS IN MARKETS WITH ONE OR OCCASIONAL BAD PRICE PERIODS91

4.4 TIME PATTERNS IN CHAOTIC MARKETS ....eecveeerirrenneeceeesieneseneeseeesseesenanes 98
4.5 DISCUSSION: POLICY IMPLICATIONS .....ccvviriiieenieeecieeeneieseeneaseeesnevnessneesens 100
4.6 CONCLUSIONS . ....oiteieiitiiieee s et e eeeeeeer et rie e e e e e s e e e atea s e e seseeaseeseaeaanasaeesenaaens 104
4.7 ADDITIONAL DATA OF SEASONAL PRICE VARIATIONS .....conueimrnrieenernsicnenenns 106
4.7.1 Stable Markets: Spain, Scandinavia and Leipzig Exchange ............ 106
4.7.2 Markets with One or Occasional Bad Price Periods: Alberta, New
England, and the Netherlands..............cccccovveviiiineincceiiiiieiiic e, 107
4.7.3 Chaotic Markets: Markets in Australia...............ccccccccievvvecnviinvennnnn, 109
4.8 REFERENCES ...cvtiueeieeeteeiereeesinesitesreeneasneessnssaesssseesiesannenseesanesssasnsnssnns 110
CHAPTER 5 DISCUSSION AND CONCLUSIONS ......cccntiniincnnmsnsseineninsen 113
5.1 DISCUSSION ....ttiittiieteeeieeeetteesseeeeseeaaseeeetreesteeasseeesaseeaneaeaeneeeeneeenareesanes 113
5.2 MORE POTENTIAL FUTURE RESEARCH ....eccuvierivteriiiercenecreeeieeesvneeaieee e 115
5.3 CONCLUSIONS....cccutetirsinienreesirerteseeesseesstesseesmeesteesreesmeaaneesseesmeesnseesseesnees 116
5.4 REFERENCE ....0eiiuiieitieeieeesserestessseesasteesnreeessesasseesseesaaseeesnsessseesnsenssnes 118

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPENDIXA THE ELECTRIC POWER INDUSTRY AND ITS

DEREGULATION.........ccooccciimmmrsnnnisssiinsnsssssenisssenesss s sessssessmsesssssssssnasssssssasssnnnnss 121
A.1 HISTORICAL PERSPECTIVE.....uuuuruuuiueriimnrinrnnerrerererrerarrreesrreieraseseremrmaeaeeeases 123
A1.1 Birth of Electricity INQUSETY ...........cccoovveirioiiniiniiieniicens 123
A.1.2 Emergency of Regqulation ...........cccccceveeveaireiciiiiiniiiiieiieeee e 123
A 13 Return of Competition..........ccccouvccioeeiiiiiivisciiiieeevecsicveeeaeeevseens 124
A.2 ELECTRIC POWER INDUSTRY AS A REGULATED MONOPOLY ........ccceverunnne. 125
A.3 POWER DEREGULATION ... ccciiiieiiieeeeaeiireeireeeesemnnneesereeassnenaassnnsnessnnsaees 127
A3.1 Impetus of Derequiation...............coceeeveeveiecieenieeciieeecieesieans 127
A32 Changes after Deregulation...............cccceivviveeivivisviiiecrvsssnnssninns 129
A.3.3 Debate of Deregulation vs. Re-regulation..................cccccvvvvuneen.. 132
A34 Deregulation in Practice. ..........c..ccccccuvreessiicincnieecesinccnencnncnn. 133
A.3.4.1  Deregulation in North America.......c..ccoceviieccvinnnie e, 134
A.3.4.2 Deregulation in EUMOPE ....ccuveeieeeeeriiiniieesccrrineee e s e seivnncnaens 138
A.3.4.3 Deregulation in Australia and New Zealand...........cc.c.cc........ 139
A.3.4.4 Deregulation in Latin America and Asia........cccooceveiecinnnnnne 140

A.4 DEREGULATED POWER PRICES ......ccoiiiiiiiiierieeairre e iee e emrneaeseene e e sannees 141
A4.1 POWEE PHICING......covvireie s it s s cesse et ve s vrsereaa s e s e s assseraaaeaenenaens 142
A4.2 Price Behaviors and Volatility ..........cccoeveeeeeccvciinnieiinviiivveveenens 144
A4.2.1 Prices in Individual Markets .........c.cccceeicieriiien i 145
A4.2.2 Price COMPAEIISONS .....cccvvieeeiiriieeaieereeirireeeeieeessnneeeeeasrneasanns 146
A4.3 Price Modeling or FOrecasting ..........cccccovucvveeeeiiivensviccsnssennnens 147
A4.3.1 Empirical MOAEIS ....vcviiiiicciiiiie e 148
A4.3.2 Time Series Models .......ccoeeiviiicininice e 149
A4.3.3 Other Approaches........ccoccviiieiienvieiie e ee e seree e 150
A4.4 MarKEE POWEN ...ttt 151
A4.5 Demand Side Management (DSM)...........cccoovvvvveevvecirivnnnsaneninns 154
AD SUMMARY ...oeiiiirieiiiee et e et e s et it e e tee e s amreee e s nee et aereee e eanneeeeeanaeeesenees 157
A8 REFERENCES .....ccitteetiieiiceerierasteeeeeesneeesssesesaeaansesssseessseeanaresanseesnsaeanes 157
APPENDIXB POWER PRICE DATA .......ccooiimcrrrcennnessennsneesssssnsssannasns 173
B.1 DATA COLLECTION CRITERIA ...oeeiitiiirreriinearreesieesseresinresseasanesssssneesnsnens 173
B.2 DATA CLEANING METHODS .....utiiiiiiiterennierserescenesaneessieeseneessnessanessnsenens 177
B.3 ELEMENTARY DATA ANALYSIS OF POWER PRICES.......cccovivveereieeenieeninnens 178

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



B.3.1 Variations in POWEE PriCES...........covueeiiieceeeeeeeeieeeireeeearevevanns 178

B.3.2 LEVEIS Of POWEI PriCES .....ccocovvveeeeeiiieeesiviieeienriiieeessasrevvinnnns 180
B.3.3 Non-normality of POWEr PriCES ........c.ccccccvviivvineecevaeesiieeeannn 180
B.4 REFERENCES .......ciiiiiiiiiiiee ettt ettt e e s ee et n e e bbbebaessasnsraansnenes 182

APPENDIXC NORMALIZATION METHODS AND FILTRATION
TECHNIQUES 183

C.1 NORMALIZATION METHODS ......uutiieiierrieitieeeccteeeseenreesstsressesnnenssnssseesesnns 183
C.2 DATA FILTRATION TECHNIQUES ......uettieieiiiinracirceeeennrrsseneeaesssnsneasssneaeaans 185
APPENDIXD PRICE VOLATILITY AND PRICE VELOCITY .....cccccceeveeennee 189
D.1 PRICE VOLATILITY Letutittieeeesecrrnierneseesateraattesessaemraesessessssssesensessesssssnneseees 189
D.2 PRICE VELOCITY —AN MEASUREMENT OF PRICE VOLATILITY .....oeeceeiveeennns 191
D.2.1 An Example of Price VeIOCHY...........cccoemmvoveeireaceisisecieesiea, 191
D.2.2 Reverse Cumulative Distribution Function (RCF)............ccc....... 194
D.2.3 An Example of Comparison of Price Velocity between Markets 197

D.3 EXPECTED AND UNEXPECTED PRICE VELOCITY ..cevcuvreeivtreeesreneeesvreeeesenens 198

D.3.1 An Example of Expected and Unexpected Price Velocity in Alberta
198

D.3.2 An Example of Comparison of Unexpected Price Velocity between

Markets 199

D.4 REFERENCES ... .cciitiiiiiiiestrreriereinceessseresinresassesssseassssnssseressseesssessasnssnseeas 200
APPENDIXE AN APPROACH TO SEASONAL ANALYSIS.......ccccceimeinns 201
E.1 SEASONAL PARTITIONS FOR POWER PRICE DATA.........cccceeeiiveieeiieee e, 201
E.2 AN EXAMPLE OF TIME EFFECT ON POWER PRICES IN ALBERTA..........c.c..... 202
E.2.1 Comparison between YEarS ......cccccccccveivcieeiiiereseeieeeeesiirenaeans 203
E22 Comparison between SeasONS..........ccvevveveervseiviieenveareresienens 205

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



LisT OF TABLES

Table 2-1 Power Price Data for Deregulated Markets........cc..ccooovevinniinvivennnnn
Table 2-2 Cross Correlation in Power Prices Between Markets .........................
Table 2-3 Daily Average POWEr PriCES.....cccoiviiiiiiieiniciie e vt
Table 2-4 Effect of Data Filtration on Weekday Prices.........coccvevvvevveeccvneennne.en.
Table 2-5 Load Data for Deregulated Markets..........ccoevvvvveeeviiiiirecree v,
Table 2-6 Web Sites for Power Pools/Markets..........ccccoocvveiveiriceeeneciee e,
Table 2-7 Cross Correlation in Power Prices Between Markets ..........c..ccc........
Table 2-8 Effect of Data Filtration on Weekend Prices ........cccoocevecivevicennnnnnnee
Table 2-9 Effect of Data Filtration on Overall Prices .......cccccvovvvvieveevinivviinnennnecnn,
Table 3-1 Power Price Data for Deregulated Markets........cccceceevvieeeeeencriniivnnnnnnn.
Table 3-2 Average, Maximum, and Coefficients of Variation (CVs) of

Price Velocity DVOA and DVDA ...
Table 3-3 Fraction of Days for Which Weekday Price Velocity DVOA

and DVDA Exceed 0.1hr", 0.2hr", and 0.5hr" ..o,
Table 3-4 Expected Price Velocity EVOA and Unexpected Price

Velocity UVOA that Is Exceeded on 10%, 20% and 30% of

Table 3-5 Fraction of Days for Which Weekend Price Velocity DVOA

and DVDA Exceed 0.1hr", 0.2 hr', and 0.5 hr' ..o
Table 3-6 Fraction of Days for Which Overall Price Velocity DVOA and

DVDA Exceed 0.1hr", 0.2 hr', and 0.5 Wt e
Table 3-7 Weekday Expected Price Velocity EVOA and Unexpected

Price Velocity UVOA that Is Exceeded on 10%, 20% and 30%

Table 3-8 Weekend Expected Price Velocity EVOA and Unexpected
Price Velocity UVOA that |s Exceeded on 10%, 20% and 30%

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table A-1 Fundamental Functions of the Four Parts in an Electric Utility ......... 126
Table A-2 Features of Pool-based, Exchange-based, and Bilateral

MAIKEES .. e e 132
Table B-1 Examples of Power Price Data Cleaning Methods...........ccccccoounee. 178
Table B-2 Skewness of Power Prices in 14 Deregulated Markets.................... 181
Table C-1 An Example of POwer PriCes........c.cccirviiiii i 185
Table D-1 Price Velocity DVDA and DVOA in Market Aand B...........ccccccceee 193
Table D-2 Examples of Power Prices in Market A and Market B ..................... 193
Table D-3 An Example of A Discrete Variable ..........cccoocvviiveciciic e, 196
Table E-1 Data Partitions Used in Alberta.........cccccovvvririeiniinnineceesiee s 203
Table E-2 Seasonal Average Prices in Three Summers in Alberta................... 204
Table E-3 Seasonal Average Prices in 2000 in Alberta .....cccccoeevvcvivivenieeeniins 206

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



LisT oF FIGURES

Figure 2-1 Maximum and Minimum Daily Power Prices in Four Selected
MAFKEES. L. e e e e e e e 9
Figure 2-2 Normalized Average Diurnal Power Prices (Weekday Values
Normalized to Weekday Average Price (WDAP) and
Weekend Values Normalized to Weekend Average Price

(WEAP) . ettt ee e e e e et e e e s rabeee e erres 14
Figure 2-3 Normalized Average Diurnal Power Prices (Normalized to
Overall Average Price (OAP)). ..ot 16

Figure 2-4 Average Maximum vs. Minimum Price Ratios on Weekdays
and Weekends (WDRs and WERs), and Weekday to

Weekend Average Price Ratios (WD/WEAPRS)......cccccoiveeveevvinreenee, 19
Figure 2-5 Effect of Data Filtration: Northern California. ..........ccccccovvveeivienieennnn, 22
Figure 2-6 Effect of Data Filtration on Normalized Weekday Diurnal

Pattern POWEr PriCES. ...ccuviiiiiic et 23
Figure 2-7 Normalized Average Weekday Power Prices and Load. ................... 27
Figure 2-8 Power Prices vs. Load. ........ooccceveiiiiiiiiciie et 30
Figure 2-9 Correlation between Power Prices and Load...........cccoeciveiiiiiiiinennns 32
Figure 2-10 Ratios of Maximum to Minimum of Power Prices and Load. ........... 32

Figure 2-11 Normalized Average Weekday and Weekend Prices vs.

Both Average Load and Average Excess Generation Capacity

IN BILAIN. et st 34
Figure 2-12 Maximum and Minimum Daily Power Prices in the U.S................... 38
Figure 2-13 Maximum and Minimum Daily Power Prices in Europe. .................. 39
Figure 2-14 Maximum and Minimum Daily Power Prices in Australia. ................ 40
Figure 2-15 Effect of Data Filtration: Britain. .............c..cccoiri i, 42
Figure 2-16 Effect of Data Filtration: South Australia. .........ccccocceviiiiiiiiiin e, 42
Figure 2-17 Effect of Data Filtration: Alberta. ..........ccccceeiiiiieiice e 43
Figure 2-18 Effect of Data Filtration: PJM. .........cccociiiriiiie e 43
Figure 2-19 Effect of Data Filtration: New England. ............c.cccoviiciininini e, 44

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 2-20 Effect of Data Filtration: Leipzig. ......ccoceevericireevinirecree e 44

Figure 2-21 Effect of Data Filtration: Netherlands. .........ccccocovvvvinieeciienin, 45
Figure 2-22 Effect of Data Filtration: Spain. ......c..c.covvevieieiivviee e 45
Figure 2-23 Effect of Data Filtration: Scandinavia..........c.cccccevveviiiicci e, 46
Figure 2-24 Effect of Data Filtration: New South Walles............cocccoviiiiiinnnne 46
Figure 2-25 Effect of Data Filtration: Queensland. ............ccceovceviivie e 47
Figure 2-26 Effect of Data Filtration: Victoria. ........ccccccooecovviniiin e 47
Figure 2-27 Effect of Data Filtration: New Zealand. ..........c.ccovvrinviienieenninnnen 48
Figure 2-28 Effect of Data Filtration on WD/WEAPR. ........ccoccevvirviiininncricrenne. 48

Figure 2-29 Effect of Data Filtration on Normalized Weekend Diurnal

Pattern POWer PriCes. ........ooviiiiciieen ittt 49
Figure 2-30 Effect of Data Filtration on the Overall Average Price

(OAP ) e e et st enas 52
Figure 2-31 Normalized Average Weekend Power Prices and Load. ................. 53
Figure 2-32 Ratios of Maximum to Minimum of Power Prices and Load

ON WEEKAQYS. .e.iviirriiieiice et ee et re e e e s s rnr e e e s e e s esbnnreae e e e e s aans 54
Figure 2-33 Ratios of Maximum to Minimum of Power Prices and Load
ON WEEKENAS. ...oovviiiiii it 54

Figure 3-1 Reverse Cumulative Distribution Function (RCF) of the
Weekday (Wd) and Weekend (We) Price Velocity DVOA and
DVDA . e st sares 63
Figure 3-2 Average Hourly Price for Netherlands and Scandinavia.................... 66
Figure 3-3 Reverse Cumulative Distribution Function (RCF) of

Unexpected Price Velocity UVOA for 14 Markets...........c.ccccvvevveenee.. 68
Figure 3-4 Price Velocity DVDA and Normalized Daily Average Prices
for Four Selected Markets. ........cccoveviiiiiicciiii v 70

Figure 3-5 Correlations between Price Velocity DVDA and Daily

Average Price, and between Price Velocity and Daily Average

- Lo R U PO 72
Figure 3-6 Reverse Cumulative Distribution Function (RCF) of

Weekday Unexpected Price Velocity UVOA for 14 Markets................ 79
Figure 3-7 Reverse Cumulative Distribution Function (RCF) of

Weekend Unexpected Price Velocity UVOA for 14 Markets................ 80

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 3-8 Price Velocity DVDA and Normalized Daily Average Prices

for Two Markets inthe U.S. ... e 81
Figure 3-9 Price Velocity DVDA and Normalized Daily Average Prices

for Four Markets in EUTOPE. .....cccooiiiiccicicnveeeverecaee e e e easneanes 81
Figure 3-10 Price Velocity DVDA and Normalized Daily Average Prices

for Four Markets in Oceania. ......ccccccevcveriiniineenecn e, 82
Figure 4-1 Seasonal Variations in Britain. ............cccocovininiiiin, 90
Figure 4-2 Seasonal Variations in Northern California............ccoocevvvvvniiincnenne 92
Figure 4-3 Seasonal Variations in New Zealand. ..........c..ccoceeveiiiiniiieinc e 94
Figure 4-4 Seasonal Variations in PIM. .........cccciiiiinieieee e 95
Figure 4-5 Seasonal Variations in South Australia...........ccccccccviiiiiiiiviiceeenneen, 99
Figure 4-6 Seasonal Variations in Spain. ...........ccccovviiiiiiiniciies 106
Figure 4-7 Seasonal Variations in Scandinavia............cccoocevvviiirecniciniinninnn. 106
Figure 4-8 Seasonal Variations in Leipzig Exchange.........cccccccccvviviivineienininnns 107
Figure 4-9 Seasonal Variations in Alberta..............ccccoiiiiiiin s 107
Figure 4-10 Seasonal Variations in New England..........ccccceeiiieiicinnieiienenns 108
Figure 4-11 Seasonal Variations in Netherlands.........c..cccoovviiccceinine, 108
Figure 4-12 Seasonal Variations in New South Wales.............c.ccocovviiiiiinnns 109
Figure 4-13 Seasonal Variations in New Queensland.............c.ccccovcviniinncennn. 109
Figure 4-14 Seasonal Variations in Victoria. .........cccooveriveiniinccie e 110
Figure A-1 Functions of An Electric Utility. ..........ccccevnerrnirnni e, 125
Figure A-2 An Traditional Vertical Integrated Electric Utility.......cc.ccoovrriiiiinnn. 126
Figure A-3 An Deregulated Electric Utility. ..........ceveeeiriiiiin e 129
Figure A-4 Completely Deregulated Electric Power Industry. ..............ccoceeea. 130
Figure A-5 Risk in a Deregulated Power Market. ............cccvvcioeirviiinencccccne e, 142
Figure B-1 Coefficients of Variation (CVs) of Power Prices in 14

Deregulated Power Markets .........ccccoviiiiiiciii e, 180
Figure B-2 Normalized Average Prices in 14 Deregulated Power

MATKEES ... et 181
Figure C-1 An Example of Normalized Power Prices within a Market. ............. 186
Figure C-2 Effect of Data Filtration in Alberta...........cccccooviviinre i, 187
Figure D-1 Relationships between Power Prices and Price Changes. ............. 192

Figure D-2 Reverse Cumulative Distribution Function (RCF) of A
Uniformly Distributed Variable. ........c..cccoocieviiiiin e, 195

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure D-3 Reverse Cumulative Distribution Function (RCF) of A

Discrete Variable. .........cccoviviniiiieee e 195
Figure D-4 Reverse Cumulative Distribution Function (RCF) of Price
Velocity DVOA and DVDA in Alberta. .......cccoeevveeivvcieicccriee e, 197

Figure D-5 Reverse Cumulative Distribution Function (RCF) of Price
Velocity DVOA and DVDA in Alberta, Britain and South
AUSTIALIA. .oeeeeeiie e et 197
Figure D-6 Reverse Cumulative Distribution Function (RCF) of Price
Velocity and Unexpected Price Velocity in Alberta. .............cccceennnne. 198
Figure D-7 Reverse Cumulative Distribution Function (RCF) of
Unexpected Price Velocity UVDA and UVOA in Alberta,

Britain and South Australia. .........cccccocviiimii e, 199
Figure E-1 Seasonal Partitions for Power Price Data. .........cccccoevvieieirinnnnnne, 202
Figure E-2 Seasonal Diurnal Patterns in Three Summers in Alberta. ............... 203

Figure E-3 Reverse Cumulative Distribution Function (RCF) of
Unexpected Price Velocity UVDA in Three Summers in

AIDEBIA. L.oiiiiiiii s 204
Figure E-4 Seasonal Diurnal Patterns in 2000 in Alberta............cccoecveveeeeiennnn 205
Figure E-5 Reverse Cumulative Distribution Function (RCF) of

Unexpected Price Velocity UVDA in 2000 in Alberta. ...........ccooe..e... 206

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PRICE BEHAVIORS IN

DEREGULATED POWER

MARKETS

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER 1 INTRODUCTION

1.1 Research Motivation

Over the past decade the electric power industry in many countries has
experienced a wave of structural change. Many power markets have been
deregulated and moved to hourly or half-hourly adjustment of power price
through a bidding process. In an effort to ensure a fair and open market,
deregulated markets have usually started with a single mandated clearing pool
through which all wholesale electric power is sold, giving a single price' for the
commodity at any point in time. The electric utility market has ceased to be a
safe and protected haven for investors and a stable price environment for
consumers. The introduction of market forces resulted in the removal of
guaranteed rates of return for the shareholders and in open competition for
wholesale and retail consumers. Both power consumers and power producers

are facing a higher level of financial risks.

Electric power is a basic commodity in an industrialized society, used in
virtually all aspects of life. However, it cannot be practically stored in significant
quantities, and cannot be economically transported for long distances. Other
energy commodities are transportable, for example, oil, and hence tend to have a
single world price that varies between regions only due to transportation costs.
Electricity, on the other hand, can have completely different prices in different
geographical areas, since movement of the commodity from one region to
another is often not economic or even practical. For instance, a severe shortage

of power in New Zealand, as occurred during a period of unusual drought, led to

"In deregulated markets, hedging arrangements are often made in parallel to purchases from the
central clearing pool. In effect, a generator and a distributor or consumer agree to a price, and
settle the difference between the agreed price and the pool price by periodic remittance of the
difference. These so-called contracts for difference (CFD) are mechanisms for allocating part of
existing financial risk without trading in power.
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prices and price patterns that were completely independent of power prices in

Australia.

The fact that electricity is not storable also leads to high hourly variations in
price in deregulated markets. This again makes electricity unlike other
commodities: it is not unusual for electric power to show both a significant daily
variation in price as well as a large variation in average price between days.
Changing market structures, uncertainty in future regulatory structures,
competitive behaviors in the market, and high volatility of markets are some of
the effects not previously seen in regulated markets, and this has created a
desire for a better understanding and forecasting of power price. For these
reasons, power price in deregulated markets provides a unique opportunity to

study inter-market variations in the price of a basic commodity.

1.2 Research Focus

In a regulated power market, the regulatory approval of cost based price sends a
signal to generators: a plant that is approved will receive a price that ensures a
fair return to investors provided the unit is operated in a prudent and non-
negligent manner. In a deregulated power market, power price, which is no
longer cost based, continues to send signals to power generators as well. These
signals appear to be clear, in that new generation is commissioned in response
to high prices. In an ideal deregulated market power price would guide the
actions of consumers as well as generators, i.e., at least some consumers would

shape their consumption of power to reflect the price.

For price to send a signal to consumers to shift short term consumption
behaviors it has to be comprehensible; markets that appear to be chaotic and
random would lead a power consumer to hedge uncertainty by locking in an
average power price. Once this action is taken, the consumer has no incentive to

further shape consumption behaviors.

The focus of this research has, from its inception, been from the perspective
of power customers. What sense can a power consumer make of daily power
price patterns? Can the informed consumer make intelligent decisions about
future actions, including demand side management (DSM) of consumption

2
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activities, financial hedging etc., based on the information contained in those
patterns? The findings emerging from this research show that some deregulated

power markets are more comprehensible to power consumers than others.

1.3 Research Methodology

Hourly or half-hourly power price data were collected from a number of
deregulated wholesale spot power markets. Short-term and long-term variations
in power price, in terms of average diurnal pattern, volatility, and changes over
time of power price, are explored for many deregulated power markets to
determine if there are significant differences between the markets. Diurnal
pattern of power price is studied by averaging hourly or half-hourly prices; price
volatility is investigated by examining the average daily change in price, i.e., price
velocity; price evolution is explored by looking at the changes of diurnal pattern

and volatility of power price over time within individual markets.

The price data studied are from deregulated wholesale spot markets. Retalil
prices were not studied, since retail pricing often smoothes wholesale pricing,
especially for smaller customers. For example, pricing of power to residential
consumers is typically at a flat rate independent of time of use, since time of use
is usually not recorded by meters in use by small consumers. Residential price
levels are reset from time to time to ensure the cost of power is collected from
consumers. However, larger consumers have the option of buying power in real
time (paying real time pricing (RTP)); it is possible in the future that time of use
metering will make this an option for all consumers.

The major software used in this research was MATLAB. In addition, the
statistical software packages SAS and SPSS were used for a portion of data
analysis. The power data set, which consists of over two million price and load
data points, was managed by Microsoft Excel, which was used to produce some

plots as well.

1.4 Arrangement of the Thesis

This thesis is paper-based, i.e., each of the three major chapters is a paper
that has been prepared from the research work. During the course of the

3

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



research, the database was expanded by the adding an extra year of data. In
Chapters 2 and 3, the original papers that appeared in Energy Policy have been
modified to incorporate the additional data, i.e., all of the results in this thesis are

now based on a single expanded data set.

While the primary focus of this research is a detailed comparison of power
prices in deregulated markets, a general overview of deregulation can be helpful
to a researcher. Appendix A contains a general discussion of issues of

deregulation, drawn from a literature survey for many markets.

At the start of the research a large database of hourly or half-hourly power
price was gathered. Data sources are discussed briefly in each paper; Appendix
B goes into greater detail on data cleaning, and provides an elementary analysis

of the data sets, e.g. mean, standard deviation and skewness.

Chapter 2 is focused on comparing diurnal patterns in deregulated power
markets, and identifies significant differences between these markets. In
comparing diurnal patterns, normalized price data is used to allow patterns to be
directly compared independent of the currency in which power is sold; Appendix
C discusses issues of normalization of power prices in greater detail. A simple
data filtration technique was initially used to test for the impact of outliers on the
structure of price patterns, and is reported in Chapter 2. It indicated that some
markets have diurnal patterns that are far more influenced by the power price on
a small fraction of days than others. This led us to pursue the issue of volatility in

greater detail.

Chapter 3 is a more detailed look at volatility in power price, focusing on
short-term (hourly or half-hourly) price changes, and using the concept of price
velocity, a measure that is related to how consumers view price changes. Again,
significant differences are observed in deregulated markets in price velocity.
Appendix D discusses the issue of volatility in greater detail, including a brief
survey of other approaches to volatility.

Given the significant differences that are observed in price patterns and
volatility between deregulated power markets, changes in time within a single

market became a focus of interest. Chapter 4 looks at seasonal and annual

4
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changes in power price patterns and volatility, and again finds significant
differences between markets. Appendix E develops the approach to seasonal

analysis of data in greater detail.

Finally, Chapter 5 summarizes the research work and discusses the potential

for future research work.

The belief held by the author at the onset of this research, and one that she
still holds as it comes to completion, is that a number of technological, economic
and political questions that will determine how electric power industry
restructuring evolves are yet to be answered. It is not yet clear whether there will
be an international convergence in the market structure under deregulation. One
of the objectives of this research is to inspire further reserch that will ask the right
questions and seek the right answers in identifying why different price patterns
occur in deregulated markets. The author believes that this research will help to

identify some of the intriguing questions.
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CHAPTER 2 DIURNAL PATTERNS OF POWER PRICES

To look at variations in power prices, diurnal patterns of power prices, in
particular its daily average weekday and weekend patterns of changes are
examined for 14 deregulated markets. The extent to which the diurnal pattern is
determined by a small percentage of days of “price excursions” is examined by
applying data filtration. The relationship between power price and load is

investigated as well.

2.1 Introduction

Over the past decade many power markets have deregulated and moved to
hourly or half-hourly adjustment of power price through a bidding process. In an
effort to ensure a fair and open market, deregulated markets have usually started
with a single mandated clearing pool through which all wholesale electric power
is sold, giving a single price for the commodity at any point in time. The features
of deregulated markets have been described by many (see, for example, Larsen
and Bunn, 1999; Masson, 1999; Philipson and Willis, 1999; VanDoren, 1998).
Specific arrangements vary from market to market, and are described elsewhere.
(See, for example, Bower and Bunn, 2000, on England and Wales; Bushnell and
Saravia, 2002, on New England; Johnsen, 2001, on Norway/Nord Pool; Mansur,
2001, on PJM; Puller, 2002, and Sioshansi, 2001, on California; Wolak, 1999, on
England and Wales, Nord Pool, Victoria (Australia), and the north and south
islands of New Zealand; and Wolak and Patrick, 1997, on England and Wales. In
addition, there are specific web sites for the markets included in this study, listed
in Table 2.6.)

It should be noted that a single price for power does not imply that all
customers in effect pay that price: in deregulated markets, hedging arrangements
are often made in parallel to purchases from the central clearing pool. In effect, a
generator and a distributor or consumer settle the difference between an agreed
price and the pool price by periodic remittance.

7
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Electrical power is not practically storable'; it is not transported over oceans
except for short distances to islands, and has a significant cost for long distance
transport over land. As a result, the price of power in one deregulated market
can change independent of the price of power in another distant deregulated
market. The price of electrical power in California, for example, has no direct
relation to the price of power in New Zealand or England, and almost no relation
to the price of power in the eastern United States. Each of these markets may
have similar fuel sources for the generation of power, and similar diurnal usage
patterns that stem from common social patterns, for example, sleeping in the
evening or working a five-day workweek. However, many specific factors

affecting supply and demand operate independently in these markets.

This stands in contrast to oil: because it is easily and cheaply transportable
by ship and pipeline, oil prices in different areas of the world vary only by quality
and transportation differentials. Natural gas is more expensive to transport by
pipeline or as liquefied natural gas (LNG), and capital facilities take a long time to
construct, but over time these transportation options again drive a world price

adjusted for transportation differentials.

The fact that electricity is not storable also leads to high hourly variations in
price in deregulated markets. Unlike other commaodities, it is not unusual for
electrical power to show both a significant daily variation in price and large
variations in average price between days. Figure 2-1 shows the maximum and
minimum daily power price in Alberta, Britain, Scandinavia, and New Zealand,
represented by the top and bottom of the bar for each day. (The same
information of the other markets is shown in Section 2.8.2. Note that the gap in
the power prices for Britain is due to missing price data in January and February

1998.) The high intraday and inter-day variability in power price is evident.

! Hydropower can be deferred provided that alternate generation and reservoir capacity is
available, offering short term equivalent “storage”. Pumped storage (filling an elevated reservoir in
periods of low demand and regenerating the power during periods of high demand) exists in some
jurisdictions, but is expensive and negligible in quantity compared to daily use. Hence electrical
power is not practically storable in significant quantities.
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For these reasons, power price in deregulated markets provides a unique
opportunity to study inter-market variations in the price of a basic commodity. In
this chapter, variations in the pattern of intraday (diurnal) price are explored for

many deregulated power markets.

Wolak (1999) compared annual average power prices in five markets, and
looked at a normalized daily, weekly, monthly, and annual volatility, using the
measure of highest price minus the lowest price in the period divided by the
average price of that period. Wolak and Patrick (1997) looked in detail at power
price in Britain, including an analysis of power price as a function of load. Knittel
and Roberts (2001) looked at daily, weekly, and seasonal patterns in the
California market; they noted that existing financial models of price could not

capture the erratic nature of electricity prices.

In this chapter the author focuses on the perspective of the customer: what
sense can a power consumer make of daily power price patterns, and can the
consumer make intelligent decisions about future actions based on the
information contained in those patterns. The focus is not on the absolute level of
power price, but rather on how its variations are shaped by and in turn shape
human behavior. The author examines electrical power price, and in particular its
daily weekday vs. weekend pattern of change, for a large number of deregulated
markets. The author also explores the extent to which this pattern is determined
by a small percentage of days of “price excursion”, by applying simple data
filtration. The author compares diurnal price to load. The author finds that some
deregulated power markets are more comprehensible to a power consumer than
others. The ability to face an open market and shape power consumption based

on expected price patterns is not uniform between markets.

2.2 Electrical Power Price Data

Table 2-1 shows the details of power price data collected for this study. One
notable region not represented in this study is Latin America; repeated efforts to
obtain hourly price data were unsuccessful. Errors in data sets as received

consisted of missing data, questionable data, and duplicate data, i.e., multiple

10
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Table 2-1 Power Price Data for Deregulated Markets

Percent

Number of Number of | of Data

Days Number of Data Cleaned
Market Short Name | Frequency Duration Studied |Data Points| Cleaned (%)
Canada: Alberta PPOA hourly 1996/01/01~2002/12/31 2,557 61,368 14 0.02
USA: Southern California Scal hourly 1998/04/01~2001/01/31 1,037 24,888 198 0.80
USA: Northern California Ncal hourly 1998/04/01~2001/01/31 1,037 24,888 181 0.73
USA: PJM PJM hourly 1997/04/01~2002/12/31 2,101 50,424 361 0.72
USA: New England NEPool hourly 1999/05/01/~2002/12/31 1,341 32,184 338 1.05
Germany: Leipzig LPX hourly 2000/06/16~2002/12/31 929 22,296 19 0.09
Netherlands APX hourly 1999/05/26~2002/12/31 1,316 31,584 78 0.25

1996/01/01~1997/12/31,
Britain UK half hourly 1998/03/01~2001/2/28 1,827 87,696 72 0.08
Spain OMEL hourly 1998/01/01~2002/12/31 1,826 43,824 9 0.02
Scandinavia Nord Pool hourly 1992/05/04~2002/12/31 3,894 93,456 10 0.01
Australia: South Australia NEMSA | half hourly 1998/12/13~2002/12/31 1,480 71,040 14 0.02
Australia: Snowy NEMSNOWY| half hourly 1998/12/13~2002/12/31 1,480 71,040 20 0.03
Australia: New South Wales | NEMNSW | half hourly 1998/12/13~2002/12/31 1,480 71,040 20 0.03
Australia;: Queensland NEMQLD | half hourly 1998/12/13~2002/12/31 1,480 71,040 22 0.03
Australia: Victoria NEMVIC | half hourly 1998/12/13~2002/12/31 1,480 71,040 23 0.03
New Zealand: Benmore NZEMBEN | half hourly 1996/11/01~2002/12/31 2,252 108,096 457 0.42
New Zealand: Haywards NZEMHAY | half hourly 1996/11/01~2002/12/31 2,252 108,096 407 0.38%

New Zealand: Otahuhu NZEMOTA | half hourly 1996/11/01~2002/12/31 2,252 108,096 407 0.38
Total: 1,152,096 2,650 0.23




data points for a single time period. Missing data were filled in and questionable
data were replaced by linear interpolation; duplicate data points were
consolidated by averaging. (Data cleaning methods are described in Appendix
B.) As noted in Table 2-1, all of the data sets had error rates (percent of data
cleaned) less than 1.1%, and all but four (i.e., the data sets of Southern and
Northern California, PJM, and New England) were 0.5% or less; so that the
impact of data error is negligible and data clean up methodology is not a

significant source of error in the results.

When deregulated markets are close and connected by transmission, power
prices tend to equalize. The author obtained data from 18 markets, but
eliminated four because the correlation with one or more markets in this study
exceeded 0.8 (a full table of cross correlations for the 18 markets is shown in
Section 2.8.3). Tables 2-2 shows a summary of the cross correlations. Note that

a low correlation between independent power markets can be expected based on

Table 2-2 Cross Correlation in Power Prices Between Markets

Strong Correlation Medium Correlation
Markets (R>0.8) {0.4<R<0.6)

1: Canada: Alberta None USA: South and North California

2: USA: Northern California USA: Southern California_|Canada: Alberta

3:USA: PJM None None

4: USA: New England None None

5: Germany: Leipzig Exchange |None Netherlands and British

6: Netherlands None Germany

7: Britain None Germany

8: Spain None None

9: Scandinavia None None
10: Australia: South Australia None Australia: Snowy and Victoria
11: Australia: New South Wales |Australia: Snowy Australia: Victoria
12: Australia: Queensland None None

Australia; South  Australia,
13: Australia: Victoria None Snowy and New South Wales
New Zealand: Haywards

14: New Zealand: Benmore and Otahuhu None

Note: No correlation was found between 0.6 and 0.8; all correlations other than those noted in
the table are below 0.4; and R stands of correlation coefficient.

12
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common human patterns of power usage: as noted above, people around the
world tend to sleep between midnight and 6 A.M., and the five day work week is

common in industrial societies.

Deregulation is often phased into markets that have historically been
regulated, and during transitional periods markets are buffered by holdover
arrangements. For example, the Province of Alberta established a central power
pool through which all power was marketed as early as 1996, but major utilities
had legislated arrangements in place (effectively legislated hedges) that served
in effect as ongoing regulatory mechanisms until January 1, 2000. PJM, which
mainly includes Pennsylvania, New Jersey, Delaware and Maryland in the
eastern U.S., had cost based bidding until April 1999, when full deregulation of
bidding occurred. Similarly, the Leipzig Exchange (LPX) in Germany has been
involved in wholesale power trading since June 2000, but much of the power in
Germany has been marketed through regulated channels. The extent to which
power price in these transitional periods reflects a fully deregulated market is
uncertain and we can expect over time that some changes in price patterns may
emerge as some markets move to fuller deregulation while other markets move

to partial re-regulation.

2.3 Diurnal Patterns of Power Price

All power markets investigated show a distinct daily variation in the price of

electrical power. However, the pattern of variation varies between markets.

Figure 2-2 shows the normalized diurnal average power price for each
market. Average power price for each time period is normalized against the
weekday average price (WDAP) for weekday data, and weekend average price
(WEAP) for weekend data; hence in Figure 2-2 each of the two curves is
normalized to unity. (Note that three data points are truncated in the plots of New
South Wales and Queensland, respectively, and one datum point is truncated in
the plot of Victoria. Figure 2-3 shows the same curves where the average power
price for each time period is normalized against the overall average price (OAP)
in each market. Also note that three data points are truncated in the plots of New

South Wales and Queensland, respectively.) One minor source of error is that

13
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statutory holidays that fall during the week are not identified and grouped with
weekend days. For each market, the overall average price, weekday average
price, weekend average price, the ratio of maximum to minimum price for
weekday and weekend (WDR and WER, respectively); and the ratio of weekday
average to weekend average price (WD/WEAPR) are computed and shown in
Table 2-3 and Figure 2-4. Note that price data is in local currency per MWh (see
Section 2.8.1 for the specific currency for each market). For three markets a
truncated range of data was used that aligns with the onset of fuller deregulation
in that market: Alberta (00/01/01~01/12/31), PJM (99/04/01~01/12/31), and
Scandinavia (96/01/01~01/12/31).

Table 2-3 Daily Average Power Prices

Average Price (Local
Currency/MWh)
Overall Weekday Weekend
Market Duration (OAP) (WDAP) (WEAP)
1. Canada: Alberta 2000/01/01=2002/12/31 82.86 88.99 67.59
2. USA: Northern California 1998/04/01~2001/01/31 62.41 65.71 54.14
3. USA: PJM 1999/04/01~2002/12/31 30.19 33.15 22.81
4. USA: New England 1999/05/01/~2002/12/31 38.30 40.18 33.61
5. Germany: Leipzig Exchange|2000/06/16~2002/12/31 22.34 24.87 16.02
6. Netherlands 1999/05/26~2001/12/31 34.92 39.74 22.85
1996/01/01~1997/12/31,

7. Britain 1998/03/01~2001/2/28 21.14 22.37 18.08
8. Spain 1998/01/01~2002/12/31 37.30 39.55 31.67
9. Scandinavia 1996/01/01/~2002/12/31]  158.31 162.37 148.15
10. Australia: South Australia [1998/12/13~2002/12/31 47.01 51.70 35.27
11. Australia: New South

Wales 1998/12/13~2002/12/31 32.67 33.86 29.69
12. Australia: Queensland 1998/12/13~2002/12/31 43.58 46.64 35.91
13. Australia: Victoria 1998/12/13~2002/12/31 32.34 35.23 25.10
14. New Zealand: Benmore 1996/11/01~2002/12/31 42.57 44.40 38.01

Several observations emerge from an inspection of Figures 2-2, 2-3 and 2-4;
and Table 2-3:

e All markets show markedly lower prices in the early morning hours (mid-
night to 6 A.M.) than in all other time periods, a reflection that humans

reduce their personal and work consumption of power while sleeping. For
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Markets

Figure 2-4 Average Maximum vs. Minimum Price Ratios on Weekdays and
Weekends (WDRs and WERs), and Weekday to Weekend Average Price Ratios
(WD/WEAPRS).

consumers facing RTP, shifting elective weekday power usage to early

morning would result in savings in all markets.

e The early morning actual power prices are very close on weekdays and
weekends (the gap in Figure 2-2 is an effect of normalization). The lower
weekend overall price arises from lower prices in daytime and evening, but
not from 1 to 6 A.M.

¢ All markets show a higher daily overall average price for weekdays vs.
weekends. This likely reflects lower power usage resulting from a
common pattern of work in industrial societies: office, administrative and
educational work tends to occur during weekdays. Shifting elective
weekday power usage to the weekend would result in savings in all

markets.

e There is a dramatic difference in markets in the range between the daily
average minimum and maximum price, especially on weekdays. Note, for
example, that the Netherlands shows a value of 5.2 for the average
weekday maximum to minimum price (and the four markets in Australia all

show the value of the same ratio over 5.0), while the same value in
19
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Northern California is 1.9 and in Scandinavia is 1.3. Thus there is a
significantly different driving force for shaping daily power consumption
from market to market; on weekdays a consumer in the Netherlands or
Australia would, in theory, have a far higher incentive for avoiding mid-day

power usage compared to consumers in other markets.

One likely cause of the wide variation in daily average maximum to
minimum price is the generation mix in a specific market; Scandinavia, for
example, is characterized by very large hydro and wind resources, which
provided about 54% of total generating capacity in 2000 (Flatabg et al.,
2003), while the Netherlands is relying on natural gas for peaking
(http://www.apx.nl). In Australia, the power generation is mixed with
various sources and is different in each region (Moran, 2002; Beder, 2003;
Phunnarungsi and Dixon, 2003)

* There is also a difference in markets in the ratio of average weekday to
weekend power price. Note, for example, that in Scandinavia the value of
this ratio is 1.1, the Netherlands it is 1.7, and in Leipzig the reported data
show the ratio of 1.6. Thus there is a significantly different driving force for

moving elective power consumption from weekdays to weekends.

e Deregulated power price shows different diurnal patterns: single peak,
double peak, and choppy.

North American markets display a monotonic, or near monotonic, increase
in weekday power price from a daily minimum in the early morning to a
daily maximum in the late afternoon/early evening. The author refers to
these markets as “single peak” markets. This is in marked contrast to
most markets in Europe, plus New Zealand, which show a distinct two
maxima pattern. The author refers to these markets as “double peak”
markets. Note that in some markets the first peak occurs at noon (e.g. in
Leipzig, the Netherlands, Britain and Spain, while it occurs at 9 A.M. in

New Zealand and Scandinavia.

These two different patterns may reflect a different technology of space

heating. The author speculates that European price patterns may reflect

20
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more use of electrical based space heating at home, workplace and retail
settings, perhaps coupled with a tendency to lower indoor temperatures to
a greater extent during the night. However, this is a speculation, and the
underlying reasons for the variation in diurnal price pattern is a subject for

future research.

Australian markets show a choppy pattern of many peaks. Two markets in
Australia (New South Wales and Victoria) show a high spike at 7 A.M. on
weekdays or at 9 AM. on weekends. A late afternoon super peak
between 6 P.M. and 7 P.M. occurs in all four markets. Again, these

patterns of price are a subject for future research.

e Several North American markets (see, for example, PJM and New
England) show a double peak pattern on weekends, suggesting a different

fundamental pattern of power usage as compared to weekdays.

o Weekday and weekend normalized power prices, as shown in Figure 2-2,
show remarkable similarities in pattern in some markets (see, for example,
Alberta, Britain and New Zealand). Although the magnitude of weekend
power price is lower in these markets, the relative diurnal variation is
virtually identical. However, in other markets the impact of weekend
usage is to reduce a high mid-day peak (see, for example, Netherlands
and South Australia).

2.4 Filtering Data: Removing the Impact of Price Extremes

Some deregulated markets have gone through periods of high prices, California
being the most frequently cited example. In this study the author has used data
filtration to assess the impact of periods of unusually high or low price by plotting

diurnal patterns of average prices with selective days omitted.

Two levels of filtering, 10% and 20%, were chosen to remove part of the data.
For 10% filtration the author identified the 5% of days in the data set on which the
lowest price occurred and the 5% of days on which the highest price occurred,
and removed all 24 or 48 price data points associated with each of those days

from the data set. For 20%, the same approach was used removing the days

21
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with the highest and lowest 10% of prices. The diurnal price patterns were then
recalculated for the filtered data sets. The filtration levels are arbitrary and used
as a coarse screen of the impact of price excursions (outliers) on overall price

patterns.

Figure 2-5 shows six plots for one market, Northern California, illustrating the
full effect of filtration for one market. (The same plots for other markets are
shown in Section 2.8.4.) Filtering the data reduces the absolute value of the
average price, but, remarkably, the diurnal pattern, especially on weekdays, is
virtually unchanged. This means that a customer in California can expect a fairly
predictable daily variation in price regardless of the overall average price level.

2.USA: Northem Califomia: Absolute Price (Weekday) 2.USA: Northem Califomia: Normalized Price (Weelday) 2.USA: Northem California: CV (Weelday)
90 1

A

Power Price

il
>
Coefficient of Variation CV

Nomalized Power Price

0.6

4 - = - —— = - Pt e
—— None i |
i
|
I

131 —— 0% | — —
—o— 20%

N

11

Power Price
Normalized Power Price

Coefficient of Vanation CV

Figure 2-5 Effect of Data Filtration: Northern California.

This constancy in normalized price patterns is not true for most markets.
Figure 2-6 shows the normalized weekday average diurnal power price for each
of the 14 markets, at three levels of filtration: none, 10%, and 20%. (The same
data for weekends is in Section 2.8.4). It can be seen that high peaks of average
price are significantly reduced by filtration in several of these markets: see, for
example, PJM and NEPOOL in North America; Germany and Scandinavia in

Europe; all markets in Australia, and New Zealand. Table 2-4 shows the impact
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of filtration maximum to minimum price ratio, WDR, for all markets. Section 2.8.4
contains the same information for weekends and overall prices. of data on the
weekday average price, WDAP, and the weekday maximum to minimum price
ratio, WDR, for all markets. Section 2.8.4 contains the same information for

weekends and overall prices.

Table 2-4 Effect of Data Filtration on Weekday Prices

Impact of Data Filtration
Average Weekday| Max/Min Ratio | % Change| % Change

Price (WDAP) (WDR) of WDAP of WDR
Market None 10% 20% |None 10% 20% | 10% 20%| 10% 20%
1. Canada: Alberta 89.0 838 77.3|4.04 359 3.33|5.84 13.13 11.12 17.59
2. USA: Northern
California 65.7 537 448 | 1.88 181 195 |18.3231.85 3.74 -3.24
3. USA: PJM 331 288 282 363 271 255 (13.03 14.97 25.24 29.69

4. USA: New England 402 366 359|221 177 1.71 | 9.00 10.52 19.98 22.58
5. Germany: Leipzig

Exchange 249 238 236 3.90 3.31 3.10! 4.41 5.09]| 15.15 20.34
6. Netherlands 39.7 351 325|524 415 3.55 |{11.56 18.29 20.80 32.17
7. Britain 224 221 218 3.03 294 279 | 1.05 270 299 7.80
8. Spain 40 3.9 3.9 1201 192 186|150 181, 451 7.26
9. Scandinavia 162.4 156.7 154.0] 1.31 1.25 1.24 | 350 5.16} 4.38 5.50
10. Australia: South

Australia 51.7 406 39.1| 538 3.22 2.86 [21.42 24.29 40.14 46.83
11, Australia: New South

Wales 339 295 2881 522 2.35 2.10112.88 15.06 54.98 59.86
12. Australia:

Queensland 46.6 371 34.1! 6.72 3.83 3.13 | 20.51 26.95 43.07 53.48

13. Australia: Victoria 352 29.2 283|554 2.64 233 [17.09 19.67 52.40 57.98

14, New Zealand:
Benmore 444 410 387|242 197 175]| 7.65 12.75 18.60 27.66

Note: Units for price are local currency unit per MWh in all markets except Spain where the

unit for price is Euro cent per KWh.

Data filtration again illustrates that from the perspective of the customer,
deregulated markets are not identical. A customer in Britain or Scandinavia can
see a relatively stable price and stable diurnal pattern, and hence can make
decisions about power purchase and diurnal manipulation of consumption (for
example, by scheduling factory activities that have high power consumption to
periods of low power price) with some confidence. A customer in the

Netherlands or Australia does not have that confidence in market stability:
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removing 20% of the days from the data set in South Australia, for instance,
drops average power price by almost 24%, and shifts the diurnal maximum to
minimum ratio from over 5.4 to 2.9. A consumer accepting RTP who is trying to
make a rational response to the market in South Australia is going to face a far
bigger challenge than the same industry in Britain, and will have a far larger
incentive to lay off the market variability through a hedging mechanism because
so much of the diurnal variance arises from a small subset of days. There are

thus differences between markets in the likelihood of DSM of power prices.

2.5 Diurnal Prices vs. Diurnal Load, and Diurnal Prices vs. Excess

Generation Capacity

Figure 2-7 shows the normalized hour or half-hour average price for weekdays,
and the corresponding normalized average total market load (i.e., usage or
demand for power) for 13 of the 14 markets for which total power demand data is
available. Note that one datum point was truncated in the plot for New South
Wales. (Comparable plots for weekend power price and load are shown in
Section 2.8.5. Both the price and load data are normalized relative to the
weekday average values on weekdays and weekend average values on
weekends.) The load data, as shown in Table 2-5, was “cleaned” in a manner
similar to the procedure for price data. Again, the ratio of cleaned load data is
less than 1.1% in all markets, and less than 0.5% in all but two markets (Northern
California and New England). The total number of power load data points is over
a half million. Note that the load data for Scandinavia is available from 1997,
thus the price data used to calculate the correlation between price and load in
this market is, accordingly, from 1997 as well. Also note that load data is not
available in New Zealand. Figure 2-8 shows the plots of hour or half-hour price
against load, and Figure 2-9 shows the correlation between hour or half-hour

price and load.

Several observations emerge from an inspection of Figures 2-7, 2-8 and 2-9;
and Table 2-5:

26
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Figure 2-7 Normalized Average Weekday Power Prices and Load.
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Table 2-5 Load Data for Deregulated Markets

Ratio of
Average
Overall Weekday Weekend Weekday to

Numbe| % of Average

r of Data |Average Max/Mi|Average Max/Min|Average Max/Mi| Weekend
Data | Cleane| Load nRatio| Load Ratio Load n Ratio Load

Market Duration Points | d (%) | (OAL) (R) [(WDAL) (WDRL) | (WEAL) (WERL)| (WD/WEALR)
1. Canada: Alberta 2000/01/01~2002/12/31 | 26,304 | 0.03 6,385 1.21 6,479 1.23 6,149  1.17 1.05
2. USA: Northern California 1998/04/01~2001/01/31_| 24,888 | 0.73 | 26,286 154 | 27197 157 | 24,006 _ 1.46 1.13
3. USA: PJM 1999/04/01~2002/12/31 132,904 | 002 | 31,033 _1.27 | 31,372 127 | 30,185 1.27 1.04
4. USA: New England 1999/05/01/~2002/12/31 | 32,184 | 105 | 14,746 143 | 15290 146 | 13,391 1.35 1.14
5. Germany: Leipzig Exchange |2000/06/16~2002/12/31 | 22,296 | 0.09 1,839 125 | 1,910 1.30 1,660 _ 1.16 1.15
6. Netherlands 1999/05/26~2002/12/31 | 31,584 | 0.25 893 1.25 N 1.29 848 1.15 1.07
1996/01/01~1997/12/31,

7. Britain 1998/03/01~2001/2/28 | 87,696 | 0.08 | 16,506 135 | 17276 1.39 | 14,569 _ 1.26 1.19
8. Spain 1998/01/01~2002/12/31 | 43,824 | 002 | 19,876 130 | 20,723 134 | 17,758 1.29 1.17
9. Scandinavia 1997/01/01/~2002/12/31 | 52,584 | 0.00 9,190 1.24 | 9,390 1.28 8692 1.16 1.08
10. Australia: South Australia _ |1998/12/13~2002/12/31_| 71,040 | 0.03 1,443 146 | 1,500 1.47 1,301 1.44 1.15
11. Australia: New South Wales [1998/12/13~2002/12/31 71,040 | 003 | 7,873 149 | 8,135 1.51 7218 145 1.13
12. Australia: Queensland 1998/12/13~2002/12/31 | 71,040 | 0.04 | 4896 148 | 5,045 1.49 4525 144 1.11
13. Australia: Victoria 1998/12/13~2002/12/31 | 71,040 | 0.03 5,225 1.29 5,415 1.33 4,752 1.24 1.14

14. New Zealand: Benmore

No load data available.

Total number of data points: 638,424.
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Correlation Coefficient

Markets N

Figure 2-9 Correlation between Power Prices and Load.

# Price mLoad - W

Average Max/Min Ratio

Markets

Figure 2-10 Ratios of Maximum to Minimum of Power Prices and Load.

« Diurnal average price changes reflect average load changes, but are far more
exaggerated, i.e., a small change in average normalized load creates a larger
change in average normalized price. This is also clear from comparing
average minimum to maximum load, from Table 2-5, to average minimum to
maximum price, from Figure 2-4; price changes significantly more than load in
all markets except Scandinavia. (The same information on weekdays and
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weekends is shown in Section 2.8.5.) A visualization of this comparison is

given in Figure 2-10.

e Correlation between hourly or half-hourly price and load is above 0.5 in three
markets, Britain, Spain, and Scandinavia. In these three markets price has a
relatively linear relationship with load, as shown in Figure 2-8, e.g., high
prices tend to be observed when load is high. Note that these markets also
showed the least impact from data filtration: a small percentage of days of
price history is not distorting the average price behavior in these markets, as
described in Section 2.4. The impact, again, is to give a customer a high
degree of predictability of price in these markets. By monitoring overall
system demand, a power consumer in Britain, Spain, or Scandinavia could

form a reasonable expectation of price behaviors.

e The correlation between price and load is intermediate for PJM, Northern
California, and South Australia; it becomes increasingly difficult in these
markets to link expected price to expected load. Thus, a customer who might
link overall system load to weather (e.g. high air conditioning load associated
with a heat wave) would have an increasingly difficult time predicting price in

these markets.

e The correlation between price and load is below 0.2 in five markets, meaning
a consumer could have very little sense of price from system load, or from
weather patterns or other events that may impact ioad. For these markets,
high prices are as likely to occur at lower load values as at high values, as
shown in Figure 2.8.

e The correlation between price and load is negative for the Netherlands. One
speculation is that this may be due to the majority of the trading of power
being done outside of the market. In particular, by the end of 2002, the
volume traded in the deregulated market APX had grown to an average of
over 38,000 MWh a day, but this presents only about 15% of the net
electricity consumption in the Netherlands (see, APX Corporate at

http://www.apx.nl/home.html).
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These results are consistent with the findings of others. In particular, in a
recent work, Vucetic ef al. (2001) explored the ability of load to predict power cost
in California for the period April 1998 through September 1999. One interesting
finding was that if price is modeled against load in a third order polynomial model,
then additional data on the hour and day does not significantly improve the
predictive ability of the model. Load therefore contains substantially the same
diurnal variance data as price, and the limited correlation between price and load
indicates that other factors are significant drivers of price. Mount et al. (2000)
found that in three U.S. markets: PJM, New England and California, periods of
high price were more likely to occur during periods of high load, but the
correlation is not high. Wolak (1999) found that the ability of a time series to
predict price is lower at times of high load. He also noted that the ability to model

price varies between markets.

In one market, Britain, total available generation capacity as well as load is
available on a half-hour basis. Figure 2-11 shows the normalized average
weekday and weekend price versus both average load and average excess
generation capacity, i.e., available capacity minus actual load. For the aggregate
data set the correlation between half-hour price and load is 0.58, between price
and available generation is 0.48, and between price and excess generation
capacity is -0.20. That price has a negative correlation to excess generation
capacity is expected, but it can be noted that load in Britain has a far better

predictor of power price than the reported available excess generation capacity.

7.Britain: Normalized Price and Load(Weekday) 7.Britain: Normalized Price and Load(Weekend)

2 \ T I T T 2 T T T T T

—+— Price !

—<+— Load :

—— Excess Capacity. |
T T T |
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—+— Load
—o— Excess Capacity.

-
=3

-
N

Nomalized Price and Load
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o
[=1]
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Figure 2-11 Normalized Average Weekday and Weekend Prices vs. Both

Average Load and Average Excess Generation Capacity in Britain.
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2.6 Discussion

In an ideal power market, consumers would modify their behavior in response to
price signals. In practice, most consumers do not do this. Technical reasons for
this include an absence of information about power price and an absence of real
time metering for small and medium sized power consumers. Market reasons for

this occur when the consumer is unable to anticipate future price.

This study confirms that there are significant differences between deregulated
markets in the ability of a knowledgeable consumer to anticipate power price.
Britain, Spain and Scandinavia show a high degree of predictability of price.
Average diurnal price is reliable and not heavily influenced by a small percentage
of days. Load and price are well correlated, allowing a customer to link
forecasted weather to expected power price. In this kind of market, a customer
might accept RTP and face an open market, scheduling power consuming
activities such as clothes drying or welding to periods of expected low price
through DSM. A similar consumer in South Australia would find little predictability
in power price: diurnal price patterns are irregular and highly influenced by a
small percentage of days of price excursions, and the correlation between load
and price is limited. It is far riskier to accept RTP and face an open power market
in Australia; the pressure to hedge and escape the short-term signals coming

from price is higher.

The author has not explored policies that contribute to the large difference in
deregulated power markets. One area of future research is an exploration of
whether market predictability improves with age: does a mature market become

more understandable to a consumer.

2.7 Conclusions

All of the power markets in this study are industrialized countries with high per
capita GDP’s’. Despite this common economic base, power price in deregulated

markets shows fundamentally different patterns. North American markets show a

' GDP, Gross Domestic Product, is the value of goods and services produced in an area.
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consistent monotonic diurnal price pattern on weekdays, while all other markets
show either a morning and evening price peak or choppy multiple peaks.
Deregulated power prices differ between markets in average maximum vs.
minimum price and weekday to weekend average price, which create the
incentive to time shift power consuming activities. Deregulated markets also
differ in the extent to which a small fraction of the total days shape the average
pattern and value of hourly or half-hourly price. Deregulated markets show a

wide variation in the correlation between load and price.

Some deregulated markets, most notably Britain, Spain and Scandinavia,
show patterns that can lead a customer to shape consumption behaviors
because of a relatively high degree of predictability of price. Diurnal patterns are
consistent and reliable, and the correlation between load and price is high. Other
markets, for example, South Australia, have patterns that are hard for a customer
to interpret, and hence have a higher incentive for the customer to escape risk

through hedging mechanisms.

36

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2.8 Additional Information of Diurnal Patterns

2.8.1 Web Sites for Power Pools / Markets

Table 2-6 Web Sites for Power Pools/Markets

Currency
Market Data Source Some Useful Website Used
www.powerpool.ab.ca,
Canada: Alberta| Power Pool of Alberta www.aeso.ca CAD
Cambridge Energy Research
USA: Southern | Associates, University of California
California Energy Institute www.calpx.com USD
Cambridge Energy Research
USA: Northern | Associates, University of California
California Energy Institute www.calpx.com UsD
USA: PJM Pennsylvania-New Jersey-Maryland | www.pjm.com uUsD
USA: New
| England ISO New England Power Pool www.isg-ne.com usb
Leipzig Power Exchange (LPX)
Germany: (Merged and renamed as European | www.Ipx.de or
Leipzig Energy Exchange (EEX) from 2002) | www.eex.de DEM
Netherlands Amsterdam Power Exchange www.apx.nl EURO
Cambridge Energy Research www.elecpoaol.com,
Britain Associates www.elexon.com GBP
Spain Spanish Power Exchange www.omel.es, www.ree.es| EURO
Scandinavia The Nordic Power Exchange www.nordpool.no NOK
Australia: South| Australian National Electricity Market www.nemmco.com.au,
Australia Management Company Limited www.electricity.net.au AUD
Australia: Australian National Electricity Markef www.nemmco.com.au,
Snowy Management Company Limited www.electricity.net.au AUD
Australia: New | Australian National Electricity Market www.nemmco.com.au,
South Wales Management Company Limited www.electricity.net.au AUD
Australia: Australian National Electricity Markeff www.nemmco.com.au,
Queensland Management Company Limited www.electricity.net.au AUD
Australia: Australian National Electricity Market www.nemmco.com.au,
Victoria Management Company Limited www.electricity.net.au AUD
New Zealand: www.nzelectricity.co.nz,
Benmore New Zealand Electricity Market WWW.M-C0.C0.NZ NZD
New Zealand: www.nzelectricity.co.nz,
Haywards New Zealand Electricity Market WWW.Mm-C0.C0.NZ NZD
New Zealand: www.nzelectricity.co.nz,
Otahuhu New Zealand Electricity Market WWW.Mm-C0.¢0.Nz NZD

Note: The price unit used in Spain is Euro cents per Kilowatt (KWh), all other markets usef
local currency unit per Megawatt hour (MWh) as the price unit.
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2.8.2 Maximum and Minimum Daily Power Prices

USA: North California -Maximum and Minimum Daily Power Price
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Figure 2-12 Maximum and Minimum Daily Power Prices in the U.S.
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Germany: Leipzig Exchange - Maximun and Minimun Daily Power Price
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Figure 2-13 Maximum and Minimum Daily Power Prices in Europe.
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Australia: South Australia -Maximum and Minimum Daily Power Price
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Figure 2-14 Maximum and Minimum Daily Power Prices in Australia.
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2.8.3 Detailed Cross Correlation in Power Prices Between Markets

Table 2-7 Cross Correlation in Power Prices Between Markets

Markets EShor‘t Name [PPOA; SCal | NCal { PJM INEPOOL! LPX | APX | UK {OMEL, ';2::: NEMSA INEMSNOWY!NEMNSW NEMQLD;NEMVIC{NZEMBEN{NZEMHAY!NZEMOTA
Canada: Alberta PPOA 1.00
USA: Southern California :SCal 0.42:1.00
USA: Northern California_INCal 0.45:0.93 ! 1.00
USA: PJM PJM 0.1110.0910.10;1.00
USA: New England NEPOOL 0.07:10.08 {0.08:0.26{ 1.00
Germany: Leipzig
Exchange LPX 0.06{0.31{0.3110.12¢{ 0.07 !1.00
Netherlands APX 0.12:0.08:0.10:0.06; 0.05 :0.42:1.00
Britain UK 0.05:-0.03:0.0010.09! 0.06 {0.4810.29 {1.00
Spain OMEL 0.1410.06 1 0.130.13§ 0.02 {0.39;0.22 {0.37;1.00
Scandinavia Nord Pool |-0.04{ 0.22 :{0.17 10.04} 0.03 10.15|0.06 :10.11{0.08}1.00
Australia: South Australia INEMSA 0.05!10.01:0.02{0.01{ 0.01 {0.02:{0.031{0.05{0.04!-0.02}{ 1.00
Australia: Snowy NEMSNOWY|[0.050.07 ;0.090.02f 0.01 {0.020.02{0.00{0.06;0.01 0.46 1.00
Australia: New South
Wales NEMNSW_ 10.0410.07 10.08{0.02] 0.01 | 0.01]0.01;0.00{0.05;0.01] 0.38 0.88 1.00
Australia: Queensland  'NEMQLD  (0.0210.00 {0.010.01¢ 0.01 §0.0210.0310.16{0.05{0.03] 0.10 0.30 0.39 1.00
Australia: Victoria NEMVIC 0.06{0.05{0.071{0.01f 0.01 :{0.02{0.02{0.01;0.05{0.00¢{ 0.61 0.61 0.52 0.16 1.00
New Zealand: Benmore INZEMBEN 10.0210.01 10.0310.09] 0.04 }0.0110.020.17{0.12]0.10} -0.01 0.02 0.02 0.02 | 0.01 1.00
New Zealand: Haywards INZEMHAY |0.0310.0310.04!0.09;{ 0.04 10.02:0.03:0.20{0.1410.14} -0.01 0.03 0.02 0.03 | 0.02 0.95 1.00
New Zealand: Otahuhu _ |NZEMOTA [0.09{0.09 {0.10{0.10; 0.05 {0.05:0.06 {0.21{0.17{0.14{ 0.01 0.04 0.03 0.06 ; 0.03 0.88 0.95 1.00

Note:

1: The correlations between any two markets are based on the maximum periods of data overlap.

2: For different frequency prices (hourly or half-hourly), correlations are based on hourly prices with half-hourly prices converted to hourly prices
by averaging.




2.8.4 Effect of Data Filtration

2.8.4.1 Effect of Data Filtration on Diurnal Price Patterns
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Table 2-8 Effect of Data Filtration on Weekend Prices

Impact of Data Filtration
Average Weekend Max/Min Ratio % Change of | % Change of
Price (WEAP) (WER) WEAP WER
Market None 10% 20% |None 10% 20% | 10% 20% | 10% 20%
1. Canada: Alberta | 67.6 630 60.0 | 284 222 195 | 6.72 11.18)|21.87 31.48
2. USA: Northern
California 541 444 375|184 172 173 |1808 30.80| 6.25 5.98
3. USA: PJM 228 221 217 | 236 216 2.04 | 3.08 503 | 869 13.70
4. USA: New
England 336 327 321|178 164 162 | 277 441|740 8.79
5. Germany: Leipzig
Exchange 160 158 157 | 254 244 235|160 183|393 7.24
6. Netherlands 229 222 225|238 184 167 | 281 1.69 [2264 30.08
7. Britain 181 178 175|236 233 230 | 128 321|086 231
8. Spain 3.2 3.1 31 [ 181 173 168 | 1.33 161 | 421 6.75
9. Scandinavia 148.1 1420 138.8| 117 116 115 | 418 6.29 | 057 1.33
10. Australia: South
Australia 353 305 301|575 364 325 1354 14.58|36.78 43.50
11. Australia: New
South Wales 29.7 256 251|864 266 240 |13.87 15.50|69.26 72.28
12. Australia:
Queensland 359 264 255|889 376 3.23 12646 29.0957.67 63.64
13. Australia:
Victoria 251 235 226 | 558 283 263 | 659 995 |49.26 52.97
14. New Zealand:
Benmore 380 343 334|212 174 159 | 972 12.17]18.10 24.89
Note: Units for price are local currency unit per MWh in all markets except Spain where the unit
for price is Euro cent per KWh.
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2.8.4.4 Effect of Data Filtration on Overall Prices

Table 2-9 Effect of Data Filtration on Overall Prices

Impact of Data Filtration

QOverall Average % Change of| % Change of
Price (OAP) Max/Min Ratio (OR) OAP OR
Market None 10% 20% |[None 10% 20% | 10% 20% | 10% 20%
1. Canada: Alberta 829 778 724 | 368 318 290 | 6.06 12.66| 1343 21.17
2. USA: Northern
California 624 510 427 | 1.84 177 186 |1827 3160 3.73 -1.13
3. USA: PJM 302 269 263 328 256 2401089 12.81|21.99 26.81
4. USA: New
England 383 355 349|197 171 167 743 8.98|13.29 1523
5. Germany: Leipzig
Exchange 223 215 214 | 346 3.02 285| 3.85 442 |1285 17.70
6. Netherlands 349 314 296433 348 299 | 9.94 15.23]19.76 30.96
7. Britain 211 209 205 | 281 273 261 112 289 | 281 7.17
8. Spain 3.7 3.7 37 | 189 183 179|145 177 | 3.00 5.35
9. Scandinavia 158.3 1525 1497 124 121 119 | 3.69 546 | 282 3.79
10. Australia: South
Australia 470 377 366 | 476 328 291 |1972 22.21|31.16 38.94
11. Australia: New
South Wales 327 284 277|581 240 2151|1313 15.17| 58.70 62.99
12. Australia:
Queensland 436 340 316 | 722 373 3.14|21.89 27.44| 48.37 56.51
13. Australia:
Victoria 323 276 267 | 528 264 237 1475 17.49|50.04 55.21
14. New Zealand:
Benmore 426 391 372|225 183 165| 8.18 12.60| 18.79 26.94

Note: Units for price are local currency unit per MWh in all markets except Spain where the unit
for price is Euro cent per KWh.
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Figure 2-30 Effect of Data Filtration on the Overall Average Price (OAP).
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3.USA: PIM

2.USA: Northern Califomia

2.8.5 Relationship between Weekend Prices and Load

1.Canada: Alberta
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Figure 2-31 Normalized Average Weekend Power Prices and Load.
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CHAPTER 3 VOLATILITY OF POWER PRICES

Looking at the diurnal pattern of power prices leaves out one key element that
affects consumers: how volatile are power prices? ideally, power prices serve as
a signal to consumers to shape their power consumption activities. The
willingness of consumers to buy power in open markets with RTP and shape
consuming activities based on price variation depends, in part, on the degree of
predictability or understanding of the change in power prices. It is expected, for
example, that consumers in markets with high and random price volatility would
be more prone to hedge their power purchase, an activity that frequently covers
the incentive to shape power consumption activities. In this chapter, the
difference within and between markets in term of price volatility is examined. The

focus is on the hourly rate of change of price.

3.1 Introduction

Electrical power is a basic energy commodity in an industrial society, and a great
number of human activities at both work and home depend on it. Because it
originated as an essential commodity often supplied by a single corporate entity,
electrical power developed in most countries under regulation, with a price
prescribed through some form of governmental regulatory process or outright
state ownership. In the past 20 years, however, many jurisdictions have
deregulated wholesale and retail electrical power prices. As discussed in a
previous work (Chapter 2; Li and Flynn, 2004), deregulated electrical power is
usually sold through a single central “pool” in order to establish a single visible
price. Users and generators are free to hedge the price by side agreements to
remit differences between the pool price and the price agreed to in the hedge
contract. Studies of individual power markets and comparisons between markets

are cited in our previous work.

Because electrical power is not effectively storable in significant quantities,

wide intraday and inter-day variations in price occur in deregulated markets;
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intraday patterns were explored in Chapter 2 and Li and Flynn (2004). In this
chapter, the author looks at volatility in power price, with a focus on the hourly

rate of change of price, for numerous deregulated markets.

Our specific focus is looking at power price from the perspective of the
consumer of electrical power. Ideally, price is a signal to consumers that shapes
consumption, e.g. at times of high price consumers manage demand by changing
their activities in order to consume less power. This idea is hard to achieve in
deregulated power markets. Small consumers, including domestic and small
commercial sites, typically do not have a meter that records time of use, and do
not in practice monitor diurnal power price changes because the information is
not readily available and it has no impact on them. These consumers are de
facto forced to be hedged against daily power price fluctuations by the current
technology of metering. Larger commercial and industrial customers typically
have time of use metering and access to Internet sites that give hourly pricing,
and in theory can respond to diurnal price changes. However, scheduling
flexibility is limited when the time frame is less than one day. For example, in
most jurisdictions when labor is called out it cannot be sent home on short notice,
so labor costs cannot be avoided if work is terminated due to a price spike within

a day.

Even given these observations, the author believes that deregulated power
markets that show a high degree of unpredicted or random volatility will
discourage consumer response other than hedging, while in markets with a lower
degree of volatility consumers should be more willing to purchase power in the
open market and manage demand by tailoring their consumption behaviors
based on price. For that reason, the author believes that price volatility is an

important metric for deregulated power markets.

3.2 Power Price Data

Hourly or half hourly power price data from 18 different deregulated power
markets have been collected. Markets with a cross correlation less than 0.6 have
been considered to be sufficiently independent to be treated as a separate

market; applying this test, 14 power markets are left for the following analysis.
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Table 3-1 summarizes the power price data that is used in this study of volatility.

(Details of power price data are described in Chapter 2.)

Table 3-1 Power Price Data for Deregulated Markets

No. of | % of Data
Data | Cleaned
Market Data Type Time Period Points (%)
1.Canada: Alberta hourly [ 1996/01/01~2002/12/31| 61,368 0.02
2.USA: Northern California hourly | 1998/04/01~2001/01/31| 24,888 0.80
3.USA: PJM hourly | 1997/04/01~2002/12/31 | 50,424 0.21
4.USA: New England hourly 11999/05/01~2002/12/31 | 32,184 1.05
§.Germany: Leipzig Exchange | hourly |2000/06/16~2002/12/31| 22,296 0.09
6.Netherlands hourly  [1999/05/26~20021/12/31] 31,584 0.25
1996/01/01~1997/12/31,

7.Britain half hourly | 1998/03/01~2001/2/28 | 87,696 0.08
8.Spain hourly | 1998/01/01~2002/12/32 | 43,824 0.02
9.Scandinavia hourly | 1992/05/04~2002/12/31 | 93,456 0.01
10.Australia: South Australia half hourly | 1998/12/13~2002/12/31 | 71,040 0.02
11.Australia: New South Wales | half hourly | 1998/12/13~2002/12/31 | 71,040 0.03
12.Australia: Queensland half hourly | 1998/12/13~2002/12/31 | 71,040 0.03
13.Australia; Victoria half hourly | 1998/12/13~2002/12/31 | 71,040 0.03
14.New Zealand: Benmore half hourly | 1996/11/01~2002/12/31 | 108,096 0.38

Data as received had three kinds of errors: missing data, questionable data
and multiple data for a single time period. Specific steps taken to “clean” the
data are discussed in Appendix B. Data cleaning is such a small fraction of total

data that it is not a significant source of error in the results.

3.3 Power Price Volatility

To look at the differences within and between markets in terms of volatility, the
author defines two values of velocity of power price. The first is the daily average
rate of hourly change of price expressed as a fraction of the overall (long term)
average price in the market, which is called daily velocity based on overall
average price (DVOA). DVOA is based on the absolute value of price change,
i.e., a change up or down is expressed as a positive fraction. Hence, a DVOA of
0.2hr'' means that each hour, on average, the power price changes by 20% of
the long term average price in a market. Note that for markets with pricing reset

every half hour, price velocity is still calculated on a hourly basis.
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DVDA, the daily velocity based on the daily average power price, is similar to
DVOA, except that the daily average rate of hourly change of price is expressed
as a fraction of the average power price on that day. Again, the absolute value of
the hourly price change is used, so a change of price in either direction generates
a positive velocity. See Section 3.8.1 for a mathematical definition of DVOA and
DVDA.

DVOA gives a sense of the consumer’s perception of daily volatility relative to
a longer term view of price: what is the hourly change in power price compared to
the overall average price. DVOA would more likely influence a consumer's
decision to hedge and lock in a long-term price. DVDA gives a sense of the
uncertainty a consumer experiences in buying price on a given day, i.e., if the
consumer buys power at a given hour, how high is the rate of change of price in
subsequent hours of that day. Note that during a price spike, daily average price
is high, and DVOA would be higher than DVDA.

The author chooses price velocity, based on the change in hourly or half-
hourly price, rather than the variance, based on the square of the difference
between actual and average price (some alternate measurements of price
volatility are described in Appendix D), because the author believes it more
closely parallels what consumers consider when they look at power price
markets: if | consume power in this period, how is its price going to compare to
the price of power in past and future periods, and to the past and expected future

average power price?

This approach is similar but not identical to the one discussed by Mount et al.
(2000), who compared price volatility in three U.S. markets: PJM, New England,
and California, and found evidence of market switching from low price cost based
bids to high price market based bids in all three markets. This switch was related
to load in New England and California, but not in PJM, which is attributed to the
high degree of interconnection in PJM market. Periods of high prices are more
likely to occur during periods of high load, but the correlation is not high. This is
similar to a finding in the previous work (Chapter 2; Li and Flynn, 2004) that in
most deregulated markets the correlation of price to load is low; the correlation is

above 0.5 for only three of the 14 markets. Most other analyses of variability of
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power price have been within a single market, and are often aimed at
characterizing volatility for the purpose of predicting price variability or pricing
options for future power purchases; see, for example, Niemeyer (2000),
Robinson and Baniak (2002). Duffie et al. (1999) provided a good overview of
the analysis of volatility in futures markets. Masson (1999) reviewed price risk
management strategies and specially discussed four markets Scandinavia,

Britain, California, and Australia.

Table 3-2 shows the average, maximum values, and the coefficients of
variation (CVs, standard deviation divided by mean) of DVOA and DVDA for the
14 markets, ranked in increasing value of the average DVOA, i.e., the first
column of numbers in the table. It is clear that normalized average price change
differs sharply between deregulated power markets. There is a tenfold range in

the average price velocity, and a significant difference in variation in velocity.

Table 3-2 Average, Maximum, and Coefficients of Variation (CVs) of Price
Velocity DVOA and DVDA

Price Velocity DVOA Price Velocity DVDA
Average  Max Average Max

Market (hr™) (hr') cv (hr") (hr') cv
9:Scandinavia 0.03 1.54 0.50 0.03 0.53 0.98
8:Spain 0.09 0.65 2.09 0.09 0.38 2.26
2:USA: Northern California 0.10 3.04 0.46 0.10 0.70 1.57
14:New Zealand: Benmore 0.11 2.03 0.66 0.11 1.31 0.96
7:Britain 0.13 0.53 1.73 0.12 0.41 2.67
4:USA: New England 0.15 13.15 0.36 0.13 0.67 1.70
5:Germany: Leipzig Exchange | ~0.16 4.77 0.68 0.15 0.85 2.04
13:Australia: Victoria 0.23 14.77 0.28 0.14 1.30 1.04
11:Australia: New South Wales 0.24 10.32 0.29 0.14 1.46 0.91
6:Netherlands 0.25 3.86 0.60 0.19 1.45 1.21
1:Canada: Alberta 0.25 1.60 0.81 0.23 1.13 1.31
3:USA: PUM 0.27 5.01 0.70 0.23 1.06 2.29
10:Australia: South Australia 0.31 11.66 0.34 0.19 1.52 0.98
12:Australia: Queensland 0.40 24.66 0.31 0.21 1.54 0.94

The distribution of velocity values also illustrates significant differences
between deregulated power markets. Figure 3-1 shows the reverse cumulative
distribution (RCF) of the weekday and weekend price velocity in each of the 14

markets, for each of the two velocities; the plots are truncated at a price velocity
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of 1hr'. Table 3-3 shows the fraction of days for which the two weekday
velocities exceed 0.1hr", 0.2hr", and 0.5hr" (the choice of these values is
arbitrary). Markets in Table 3-3 are ordered in increasing number of days for
which DVOA exceeds 20% of the overall average price in the market. (i.e., the
2nd column of numbers in Table 3-3). The same information for weekend and

overall prices are given in Section 3.8.2.
Several observations emerge from an inspection of Figure 3-1 and Table 3-3:

e There are significant differences in the distribution of price velocity
between markets. Compare, for example, Alberta and Britain. In Alberta,
the average hourly price change exceeded 50% of the long-term average
price on about 18% of the days; while in Britain this occurred in only two of
the 1827 days in the sample set. To a consumer, this large price change
on an hourly basis must seem like a highly chaotic market, and again this
kind of market chaos creates a higher driving force for consumers to opt
for by hedging. It is interesting to note that despite its press coverage of
price excursions, Northern California does not show a high price velocity
compared to other markets. This suggests that the issue in the California

power crisis was high prices, not high price variability.

e From the perspective of distribution of price velocity, specifically not
having a high fraction of days of high rate of change of price, Scandinavia,
Spain, Northern California, and Britain have a small fraction of “high
velocity” days, while Alberta, PJM, the Netherlands, South Australia, and
Queensland have a high fraction. The remaining markets have
intermediate values.

e In all markets, the price velocity on weekdays is higher than that on
weekends. The difference between weekday and weekend price velocity
is however small in all markets except Alberta, PJM, the Netherlands, and
Queensland. The reasons for this difference in these four markets have
not been explored yet.
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Table 3-3 Fraction of Days for Which Weekday Price Velocity DVOA and DVDA
Exceed 0.1hr", 0.2hr", and 0.5hr™

Fraction of Days (%)

DVOA (hr') DVDA (hr")

Market >0.1 >0.2 >0.5 >0.1 >0.2 >0.5
9:Scandinavia 1.99 0.66 0.27 2.11 047 0.04
8:Spain 17.36 _ 0.88 005 | 2585 1.15 0.00
11:Australia: New South Wales | 32.50 11,08 446 | 4757 885 3.18
14:New Zealand: Benmore 3193 1141 3.33 39.65 13.81 1.78
4:USA: New England 4586 1163 254 | 4952 9.02 0.52
2:USA: Northern California 2150 11.67 3.09 33.17 5.50 0.39
7:Britain 4849 1204 005 | 67.27 558 0.00
13:Australia: Victoria 3568 1257 446 | 58.11 9.93 277

5:Germany: Leipzig Exchange | 5178 1302 3.23 | 66.52 10.76  0.22
10:Australia: South Australia 4007 2223 946 5642 2236 6.76

12:Australia: Queensland 40.00 2541 13.04 | 5047 2959 9.39
6:Netherlands 48.86 26,60 1353 | 6482 3412 570
1:Canada: Alberta 50.73 3239 1843 | 7591 4334 766
3:USA: PJM 73.74 40.92 6.71 92.05 50.62 1.46

3.4 Unexpected Price Velocity

A thoughtful consumer will expect some variability in power prices, which arises
from the diurnal pattern; for example, on average, power always costs more at 3
P.M. than it does at 3 A.M., so there are predictable price movements over the
course of a day in each market. In the previous work (Chapter 2; Li and Flynn,
2004), the author showed the average diurnal pattern for each of the 14 markets
in this study. Figure 3-2 shows the average hourly weekday and weekend price
for two of the 14 markets, the Netherlands and Scandinavia. These two markets
illustrate that diurnal price patterns, which reflect among other things the mix of
generation in each market, differ sharply: the weekday average maximum to
minimum price ratio in the Netherlands 5.2, while in Scandinavia it is 1.3. Hence,
a thoughtful consumer in the Netherlands will expect more variability in hourly
power price than in Scandinavia.
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Figure 3-2 Average Hourly Price for Netherlands and Scandinavia.

The author uses the average diurnal price pattern to calculate two values of
expected daily velocity, the expected velocity relative to the long-term overall
average price (EVOA) and the expected velocity relative to the daily average
price (EVDA), for each market. DVOA will equal EVOA if the price of power on a
given day follows its historic average pattern exactly. Subtracting EVOA from
DVOA can generate the unexpected velocity of power price (UVOA). As with
DVOA, UVOA is a daily value: the daily average of hourly price change (absolute
value) minus the component that is expected from the average diurnal price
pattern. Note that UVOA can have a negative value, which will occur on a day in
which the actual price variability is less than that expected from the average
diurnal price pattern. See Section 2.8.3 for a mathematical definition of EVDA,
UVDA, EVOA and UVOA.

Table 3-4 shows EVOA for each of the 14 markets in this study, and also
shows the values of UVOA that is exceeded on 30%, 20%, and 10% of days
(again, the choice of these values is arbitrary). The markets are ranked in the
increasing number of the UVOA for which the fraction of days exceeded 20% of
the total days in the markets, i.e., the third column of numbers in the table. Note
that the Netherlands shows the highest value of EVOA, 0.17hr, because of its
high maximum to minimum diurnal pattern, and that the value of EVOA for

Scandinavia is low, 0.02hr™, for the opposite reason.
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Table 3-4 Expected Price Velocity EVOA and Unexpected Price Velocity UVOA
that Is Exceeded on 10%, 20% and 30% of Days

UVOA (hr') That Is Exceeded
EVOA on Fraction of Days

Market (hr') | >30%  >20%  >10%
11:Australia: New South Wales [ 0.16 -0.02 0.00 0.10
9:Scandinavia 0.02 0.02 0.02 0.04
13:Australia: Victoria 0.15 -0.02 0.02 0.12
8:Spain 0.06 0.06 0.06 0.08
2:USA: Northern California 0.05 0.03 0.07 0.19
5:Germany: Leipzig Exchange| 0.13 0.03 0.07 0.13
4:USA: New England 0.06 0.08 0.10 0.18
14:New Zealand: Benmore 0.05 0.07 0.11 0.17
7:Britain 0.08 0.07 0.11 0.15
6:Netherlands 0.17 0.01 0.13 0.53
10:Australia;: South Australia 0.11 0.06 0.14 0.38
12:Australia: Queensland 0.15 0.01 0.15 0.63
3:USA: PJM 0.10 0.17 0.23 0.35
1:Canada: Alberta 0.11 0.14 0.36 0.66

Figure 3-3 shows the reserve cumulative distribution (RCF) of UVOA for each
of the 14 markets. Note that the plot is truncated at the UVOA of 0.5hr". Figure
3-3 offers a powerful comment on the markets as seen by consumers:
deregulated markets vary widely in their predictability. Compared to the other
markets, Alberta, PJM, Queensland, South Australia, and the Netherlands have
significantly higher unexpected price velocity, while Scandinavia, Spain, Victoria
and New South Wales have significantly lower unexpected velocity. Note that
market size does not appear to drive price volatility. Alberta and New Zealand
both have small populations relative to the other markets in this study; Alberta
has higher price volatility, and New Zealand has lower than average volatility.
Australian markets show high EVOA, and two of them have low UVOA. One
outstanding question is whether price velocity reduces as a market matures, in
particular, in a post Enron era, will volatility of power price in North America
decrease?

The same information on weekdays and weekends is shown in Section 3.8.4.

On weekends, only Alberta and PJM show significantly higher unexpected price
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velocity, thus the difference in expected price velocity between markets comes

more from weekdays than from weekends.

3.5 Relationship between Volatility and Prices

Comparing trends in DVDA, the normalized price velocity relative to the average
price on a given day, to trends in the normalized average price on that day, i.e.,
DAP, allows a comparison between markets of the “burstiness”, or tendency to
cluster, of periods of high price velocity and of high price. Figure 3-4 shows this
comparison in four selected markets. Note that the range for the axes is different
for each market; price velocity in Britain would appear substantially lower than
the other three markets if plotted on a common axis. Also note that the choice of
the range on the vertical Normalized Daily Average Price axis removed 4 points
from California and 18 points from South Australia. Similar plots for the other ten
markets are shown in Section 3.8.5. Figure 3-5 shows the correlation between
DVDA and daily average price and load for all the 14 markets. Several

observations emerge from an inspection of Figures 3-4 and 3-5:

o Price and volatility are “bursty”, i.e., clustered, in some but not all markets.
Alberta, for example, has a large cluster of high price from days 160 to
360 (i.e., from May to December 2000). California shows three periods of
higher velocity, each corresponding to high power demand in summer.
Note, however, that clustering is not evident in South Australia, and the
occurrence of high price and high price change appears more random.
Mount (1999) noted that despite broad ownership of generation, power

prices in Australia are erratic.

* As noted, the annual periodicity in California is evident in volatility but not
price, while in Britain the annual periodicity is evident in price but not

volatility. No obvious periodicity is evident in South Australia.

e There is no consistent correlation between DVDA and the daily average
power price or load, i.e., periods of high prices correlate to periods of high
volatility in some but not all markets. For example, in New South Wales
there is a high correlation, but the correlation is negative in Spain, and

negligible in New Zealand, Scandinavia, and Northern California.
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Figure 3-4 Price Velocity DVDA and Normalized Daily Average Prices for Four Selected Markets.
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Figure 3-5 Correlations between Price Velocity DVDA and Daily Average Price,
and between Price Velocity and Daily Average Load.

o DVDA has a higher correlation to price than to load in all but three

markets: Alberta, California, and Leipzig.

From the perspective of power consumers, significant differences between
deregulated power markets can be observed: Britain, for example, has
predictable price patterns, as discussed in the precious work (Chapter 2; Li and
Flynn, 2004), and relatively stable volatility, while South Australia has no clear

pattern or consistency in either.

3.6 Some Reflections on Power Price Variability

Electrical power markets contain a great deal of short-term information, which in
an ideal world would guide some actions by consumers as well as generators. In
actual power markets it is dubious that significant responses to short-term price

changes are being acted on by the majority of consumers.

Two reasons for this are technical: most consumers of electrical power have

no knowledge of the price of power at any given hour or half-hour, and most
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meters for small and medium power consumers do not record the time at which
power is used. Hence, the retailing of power to small and medium sized users is
usually based on a flat rate. A third reason that short term price changes often
do not affect power consumption patterns is that hedging mechanisms are
available that allow customers to lock in fixed pricing. For very large consumers,
hedging contracts may reflect time of use consumption and pricing, but for small
and medium customers hedging mechanisms usually fix a price that is constant
over one or more years and is independent of time of day. Hence, practically all
small and medium consumers are shielded from time of use due to metering
equipment, and hedged small, medium and large consumers are shielded over a
longer period from changes in average power price. In deregulated power
markets, a great deal of hourly or half-hourly price data simply does not impact
the majority of consumers in a way that they can or need respond to, although
markets with high and unexpected price variability generate concern in

consumers and an erosion of support/tolerance for deregulation.

In a perfect world, all power consumers would know the hourly or half-hourly
power price, and to the extent that they were capable, would make some
adjustment in their behavior; RTP would create an incentive for this. Consumers
in the Netherlands, which has the highest diurnal variation in average power
price, wouid then find a strong incentive to use a home appliance such as an
electrical dryer in the early hours of the morning, by having a timed start.
Industrial operations that were high consumers of power, such as electric arc
welding, would schedule their work to concentrate power usage in the same time
frame.

However, as this study makes clear, the ability of a consumer to make sense
of price patterns in deregulated markets varies strongly between markets.
Britain, Spain and Scandinavia are examples of markets with low unexpected
velocity. In contrast, Alberta and South Australia show high-unexpected velocity,
and customers in these markets are justifiably on guard against unexplained and
unexpected price spikes and periods of high hourly price change. The previous
chapter demonstrated that Britain, Spain and Scandinavia have more consistent
diurnal patterns of price, and a greater correlation between price and load. A

consumer would be far more inclined to shape consumption behavior in Britain
73
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Spain, and Scandinavia, while facing the market through RTP, and would be
more likely to hedge in order to be indifferent to time of use in Alberta and South
Australia. One interesting future comparison between deregulated markets
would be the extent and form of hedging that is selected by consumers, to test if

this can be related to the predictability of power price.

3.7 Conclusions

All of the power markets in this study are industrialized countries with high per
capita GDP’s. Despite this common economic base, price movement in
deregulated power markets, measured in this work by price velocity, shows
significant differences between markets. Some price velocity arises because of
an expected diurnal pattern of price change, and some is unexpected.
Deregulated power markets differ widely in the amount of unexpected price
velocity, i.e., the average price change per hour that is not attributable to
expected daily price patterns. Markets also differ in both the “burstiness” and
periodicity of price level and volatility, and the extent to which high volatility
correlates with high price. Deregulated power markets differ in their “consumer
friendliness”, i.e., the extent to which price patterns are comprehensible and

periods of high-unexpected price movement are rare.

3.8 Additional Data of Price Volatility

3.8.1 Definition of Price Velocity

Mathematically, for each market, the following notations are used:

N : the number of days in the corresponding time period,

i :the index of day, generally 17=1, 2, .., N,

M . the number of time periods during one day; for hourly power
prices M is 24 and for half-hourly power prices M is 48,

j : the index of time period, generally 1=1, 2, .., M,

pij : the power price at the j-th time period in the i-th day,

DVDA; : the daily average price velocity on the i-th day referenced to the

daily average price on the i-th day,
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DVOA; : the daily average price velocity on the i-th day referenced to the

overall average price in the market.

The absolute price change at the j-th time period on the j-th day is described

as,

Apy =Py =P =12 N j=1,2 0 M,

where p;, is the power price at the M-th time period in the previous day, and pgo
is the initial power price in the given period which commonly is the last price in
the day right before the given period. Averaging the price changes in a day, an

average daily price change is calculated as,

1 & :
Ap,,=— D> Ap,;,i=12 .., N.
3 2
Dividing this value by the daily average price DAP and the overall average price
OAP, respectively, the two price velocities, DVDA; and DVOA,; on the i-th day can

be estimated,

Ap

DVD4, =Pix - ZAp,j,'= , N, and,
px,- szoj]
AP

DVO4, =iz - ZAp,,,'= V2., N,
p-,o Xpocjl

where p,, is the DAP on the i-th day and p,, is the OAP in the studied period in

the market,
P.. _—Zp,j,l‘1 2,..,N,
jl
_ N M
P..= 220

N i

i’
—_

Jj=1

The unit for each velocity is hr'. As a currency-free measure, the daily price
velocity, especially DVOA, allows a comparison of relative price movements
between different markets.
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3.8.2 Price Velocity of Weekend and Overall Prices

Table 3-5 Fraction of Days for Which Weekend Price Velocity DVOA and DVDA
Exceed 0.1hr, 0.2 hr', and 0.5 hr™

Fraction of Days (%)

DVOA (hr') DVDA (hr")
Market >0.1 >0.2 >0.5 >0.1 >0.2 >0.5
9:Scandinavia 2.68 0.93 0.38 2.46 0.66 0.05
8:Spain 29.29 1.23 0.08 24.62 0.84 0.00
4:USA: New England 31.87 - 10.87 2.61 49,32 9.61 0.73
7:Britain 49.16 11.79 0.00 63.55 4.29 0.00
14:New Zealand: Benmore 3228 - 11.88 3.48 39.86 13.12 2.05

11:Australia: New South Wales | 3538 12.20 4.92 5184 10.12 3.50
2:USA: Northern California 2254 1228 = 3.51 3293 5.26 0.40
13:Australia: Victoria 3472 1258 530 52.89 10.03  3.50
5:Germany: Leipzig Exchange | 64.71  15.69 4.07 66.82  10.71 0.30
10:Australia: South Australia 4248 23.37 9.93 5894 2460 7.47

12:Australia: Queensland 4248 2791 1429 | 56.20 3236  9.93
6:Netherlands 4957 3043 16.38 | 6851 37.87 6.91
1:Canada: Alberta 5217 3325 1829 | 79.16 4578 8.06
3:USA: PJM 81.10 43.51 6.64 94.59 5465 1.74

Table 3-6 Fraction of Days for Which Overall Price Velocity DVOA and DVDA
Exceed 0.1hr", 0.2 hr', and 0.5 hr”

Fraction of Days (%)

DVOA (hr') DVDA (hr')
Market >0.1 >0.2 >0.5 >0.1 >0.2 >0.5
9:Scandinavia 0.68 0.00 0.00 1.23 0.00 0.00
8:Spain 29.50 - .2.11 0.00 | 30.08 1.72 0.00
11:Australia: New South Wales 21.75 - 827 3.07 3333 567 2.36
7:Britain 4069  9.79 0.19 | 6046 537 0.00
2:USA: Northern California 2095 1014 236 | 3649 7.09 0.34
5:Germany: Leipzig Exchange | 72.93 10.15 0.00 65.79 11.65 0.00
4:USA: New England 4896 1042 1.82 53.39  8.59 0.00
13:Australia: Victoria 29.31 1064 2.36 46.57 6.15 0.95
14:New Zealand: Benmore 31.37 1118 3.1 40.22 15.22 1.09
6:Netherlands 4495 1835  3.19 53.72 2420 213
12:Australia: Queensland 32.15 .20.33 8.98 37.35 23.64 7.80
10:Australia: South Australia 4113 - 21.51 7.33 51.06  17.97 4.96
1:Canada: Alberta 4713 2803 1561 | 67.20 3854 6.37
3:USA: PJM 7526 4439 842 86.99 41.07 1.02
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3.8.3 Definition of Expected and Unexpected Price Velocity

To evaluate the “expected component” of price velocity, for each market the
average diurnal price pattern is used to calculate an expected velocity (EV).
Price velocity will be equal to the EV if the power price on a given day follows its
historical average diurnal pattern exactly. Similarly, relating EV to the OAP and
the DAP, respectively, yields two relative expected components of price velocity:
the expected daily price velocity based on the OAP (EVOA), and the expected
daily price velocity based on the DAP (EVDA). Subtracting EVOA from DVOA
produces the other component unexpected from the diurnal price pattern, which
is referred to as an unexpected daily velocity of power price (UVOA). Similar to
DVOA, UVOA is a daily value: a daily average of hourly price change (absolute
value) minus the component that is expected from the average diurnal price
pattern. EVDA can be obtained similarly as EVOA. Unexpected price velocity
based on the DAP (UVDA) results from subtracting EVDA from DVDA.

Again, mathematically, for each market, the following notations are used:

EV : the expected price velocity in the market,

EVDA,; : the daily expected price velocity relative to the daily average
price on the i-th day,

EVOA; . the daily expected price velocity relative to the overall average
price in the market,

UVDA; : the daily unexpected price velocity on the i-th day relative to the
daily average price on the i-th day,

UVOA; : the daily unexpected price velocity on the i-th day relative to the

overall average price in the market.

For each market the “expected component” of price velocity, EV, arising from

the daily average price pattern is estimated as,

1 &
EVz—MZAp,J,

I=

where Ap, ; is an hourly average price change calculated as,
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_ 1L -
Ap. ; Z'N’ZAPi,j J=1,2 .., M
i=1

Dividing this value by the DAP p,, and the OAP p, ,, two values of EV, EVDA

and EVOA can be obtained,

EV 1 & .
EVDA, = —— = — ZAp.’j ,i=1,2 . ,N,and,
pi. Mxp,. 3
M
evoa=EV . 1 > Ap.

Note that each market has only one value of either EV or EVOA, and each

day in a market has one value of EVDA. Correspondingly, the two values of

unexpected velocity, UVDA and UVOA, are defined as,

UVDA, = DVDA, —EVDA,,i=1, 2, .., N,
and,

UVOA, = DVO4, —~EVOA,i=1,2,.., N.

Substituting EVDA, and EVOA; to the above formulas then arrives,

Aﬁi,- _EV _ Aﬁi,o _EV _j=l

2. (bp,, - 4B, )

UvD4, = —=2 = - -
pi,- pi,- pi,o MX Api,o

and,

Aﬁi,t —EV . Aﬁi,'_EV _

M
Z(Api,j _Apo,j)
Jj=1

Uvod, = —= = . -
P.. D.. P.. MxAp,,

=12, ..

=12, .

, N.

Note that either UVDA and UVOA can have a negative value, which would

occur on a day in which the actual price velocity is less than that expected from

the average diurnal pattern of price. Unexpected price velocity is an indication of

the level of risk, which the future will not turn out the way as expected.
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3.8.4 Expected Price Velocity and Unexpected Price Velocity

Table 3-7 Weekday Expected Price Velocity EVOA and Unexpected Price
Velocity UVOA that Is Exceeded on 10%, 20% and 30% of Days

EVOA UVOA (hr"), Fraction of Days
Market (hr' >30% >20% >10%
11:Australia: New South Wales 0.16 -0.03 0.01 0.11
13:Australia: Victoria 0.16 -0.03 0.01 0.13
9:Scandinavia 0.02 0.02 0.02 0.04
5:Germany: Leipzig Exchange 0.14 0.03 0.05 0.13
8:Spain 0.06 0.04 0.06 0.08
2:USA: Northern California 0.05 0.03 0.07 0.17
4:USA: New England 0.07 0.07 0.09 0.17
14:New Zealand: Benmore 0.06 0.06 0.10 0.18
7:Britain 0.09 0.07 0.11 0.15
10:Australia: South Australia 0.13 0.05 0.13 0.39
6:Netherlands 0.19 0.03 0.19 0.55
12:Australia: Queensland 0.14 0.04 0.20 0.72
3:USA: PJM 0.12 0.15 0.23 0.33
1:Canada: Alberta 0.1 0.15 0.37 0.63

Weekday Unexpected Price Velocity UVOA in 14 Markets

0.

©

e
}? B \x

RS

0.

@

0.

~

0.

@

0.5

0.4

SN

-

1.Canada: Alberta

2.USA: Northern California
3.USA: PM

4.USA: New England
5.Germany: Leipzig Exchange
6.Netherlands

7.Britain

8.Spain

9.8candinavia

10.Australia: South Australia
11.Australia: New South Wales
12.Australia: Queensland
13.Australia: Victoria

14 New Zealand: Benmaore

Reverse Cumulative Distribution Function RCF

|
h
BN
03fF----~--- : 77777 B N W A S
! L)
I |
1 -
0.2 b — - N
1
]
0.1 T e o = R i e AR =
| I |
! ! O A SIY— PP P
| . g5 R .5
0 \ ! 00 B 0000 004000 oL i S o
-0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5

Unexpected Price Velocity UVOA (hr")

Figure 3-6 Reverse Cumulative Distribution Function (RCF) of Weekday
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Table 3-8 Weekend Expected Price Velocity EVOA and Unexpected Price
Velocity UVOA that Is Exceeded on 10%, 20% and 30% of Days

EVOA UVOA (hr'1), Fraction of Days
Market (hr") >30% >20% >10%
11:Australia: New South Wales 0.18 -0.07 -0.05 0.01
12:Australia: Queensland 0.21 -0.08 0.02 0.24
13:Australia: Victoria 0.12 -0.01 0.03 0.11
9:Scandinavia 0.02 0.03 0.03 0.03
2:USA: Northern California 0.06 0.02 0.06 0.16
5:Germany: Leipzig Exchange | 0.11 0.06 0.08 0.12
8:Spain 0.06 0.04 0.08 0.10
10:Australia: South Australia 0.13 0.03 0.09 0.23
7:Britain 0.08 0.06 0.10 0.14
6:Netherlands 0.10 0.06 0.10 0.20
4:USA: New England 0.06 0.08 0.10 0.16
14:New Zealand: Benmore 0.05 0.07 0.11 0.17
1:Canada: Alberta 0.11 0.07 0.23 0.55
3:USA: PJM 0.09 0.19 0.25 0.37

Weekend Unexpected Price Velocity UVOA in 14 Markets

1.Canada: Alberta

2.USA: Northern California
3.USA; PIM

4.USA: New England
5.Germany: Leipzig Exchange
6.Netherlands

7.Britain

8.Spain

9.Scandinavia

10.Australia: South Australia
11.Australia: New South Wales
12.Australia: Queensland
13.Australia: Victoria

14.New Zealand: Benmore

Reverse Cumulative Distribution Function RCF

Unexpected Price Velocity UVOA (hr")

Figure 3-7 Reverse Cumulative Distribution Function (RCF) of Weekend
Unexpected Price Velocity UVOA for 14 Markets.
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3.8.5 Price Velocity and Normalized Daily Average Prices
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Markets in Oceania (Continued).
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CHAPTER 4 PowEeR PRICE CHANGES OVER TIME

Chapter 2 and 3 investigated the variances in power price, in particular the
diurnal price patterns and the price volatility. One outstanding question is
whether price variance changes over time in a deregulated market. The changes
in power price patterns over time are examined in this chapter by looking at
diurnal pattern and volatility changes over time in individual markets. Again the
question to address is “can a thoughtful consumer facing RTP reasonably

respond to price signals in the market by DSM?”

4.1 Introduction

Electrical power is not storable in significant quantities, and supply must equal
demand over very short time intervals. Electrical power is generated from a
variety of sources, with different operating and cost characteristics. The
combination of these two factors gives a high degree of volatility and inter and
intraday price change. Electrical power, unlike oil or natural gas, is also not
transportable between remote markets, which allows the price of this
fundamental energy commodity to vary independently. For example, a price
excursion in Australia cannot be influenced by a surplus of power in other

locations around the globe.

In previous work (Chapters 2 and 3; Li and Flynn, 2004a and 2004b) the
author has assessed long-term average diurnal patterns and price volatility in the
14 deregulated power markets. Differences between deregulated power markets
are significant. In this chapter, the author looks at patterns in power price and
volatility on a season by season and year by year basis within individual markets.
Power price is normalized to the long term overall average price in each market,
in order to look at patterns independent of overall price. The author then looks at
the diurnal pattern of average weekday price (AWDDP) and average weekend
price (AWEDP) on an hour by hour or half hour by half hour basis, by season and
by year. Winter is defined as December 1 through February 28 in northern
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hemisphere, and June 1 through August 31 in the southern hemisphere. (Note
that the winter period in the northern hemisphere and summer period in the
southern hemisphere is attributed to the year in which January and February
occur, e.g. December 2000 and January and February of 2001 are referred to as
Winter 2001 in northern hemisphere.) Other seasons are similarly defined as
three calendar month periods. Seasonal and yearly changes are observed in
diurnal power prices that are different between markets. (Details of the seasonal
analysis approach are described in Appendix E. Data is summarized in Table 4-
1. For details on the methodology of data “cleaning”, and for specific references
to each market, see Chapter 2 and Appendix B); data cleaning is not a significant

source of error in the results.)

Table 4-1 Power Price Data for Deregulated Markets

No. of | % of Data
Data | Cleaned

Market Data Type Time Period Points (%)
1.Canada: Alberta hourly |12000/01/01~2002/11/30 | 26304 0.03
2.USA: Northern California hourly | 1998/04/01~2001/01/31 | 24888 0.73
3.USA: PJM hourly  |1999/04/01~2002/11/30 | 32904 0.02
4.USA: New England hourly  {1999/05/01~2002/11/30 | 32184 1.056
5.Germany: Leipzig Exchange| hourly [2000/06/16~2002/11/30 | 22296 0.09
6.Netherlands hourly |1999/12/1~2002/11/30 | 31584 0.25
7.Britain 1996/01/01~1997/12/31,
half-hourly ]1998/03/01~2001/2/28 | 87696 0.08
8.Spain hourly 11998/01/01~2002/11/30 | 43824 0.02
9.Scandinavia hourly | 1997/05/04~2002/11/30 | 52584 0.02

10.Australia: South Australia | half-hourly | 1998/12/13~2002/11/30 | 53520 0.03
11.Australia: New South Wales | half-hourly | 1998/12/13~2002/11/30 | 53520 0.03
12.Australia: Queensland half-hourly ] 1998/12/13~2002/11/30 | 53520 0.04
13.Australia: Victoria half-hourly [ 1998/12/13~2002/11/30 | 53520 0.03
14.New Zealand: Benmore half-hourly | 1996/11/01~2002/11/30 |108096| 0.04

The focus is from the perspective of power consumers: can some thoughtful
consumers reasonably respond to price information in the market in order to
implement DSM? (For a general discussion of DSM and the value of having at
least some power consumers respond to price signals, see, for example, Caves
et al. (2000), Hirst (2001), Borenstein (2002), and Kirschen (2003). Having some
price responsive demand to moderate price spikes is noted, and Borenstein

(2002) cites low DSM as a factor in the power crisis in California.) DSM can be
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thought of as occurring in two stages. The first, which is called easy load in this
research, is power consumption that requires little advanced notice, thought or
planning to interrupt; when the price is high, this kind of load is shut off. This first
stage of DSM typically comes from large consumers and is available in any
market. The greater the tendency of a market to experience high price spikes,
the more vigorous the search for easy load. Beyond easy load is a second stage
of DSM that requires more sophisticated planning, for example, of production
processes, discussed by Kirschen (2003); it is called planned load in this
research. This second level of DSM is only realizable in markets where
consumers believe that planning can have an expected positive outcome. The
less comprehensible and consistent power price patterns are, the less likely that

second stage DSM will emerge.

The concept of price velocity is used to measure hourly volatility in power
price. Some change in hourly power price will arise from the average diurnal
pattern characteristic of that market. In addition to this component of price
change that is expected from the average diurnal price pattern, some unexpected
change can occur due to a variety of factors, e.g. weather or unit outages. For
each day, the author calculates hourly price movement and subtract the
“expected” component that would occur if power price exactly foliowed the
average diurnal pattern; this residual component is called the unexpected price
velocity. One can then normalize the unexpected price velocity to either that
day's average price or to the long term average price in the market, and compute
the daily average of unexpected price velocity. The resulting value is the
unexpected price velocity relative to the daily average price (UVDA) or long term
overall average price (UVOA). It measures the average hourly change in price on
a given day relative to average power price. Each day will have a unique UVDA
and UVOA,; the distribution characterizes the volatility of the price in a given
market. Details of the derivation of UVDA and UVOA are given in Section 3.8.3,
Chapter 3. Note that an unexpected average hourly price change of $30 per
MWh on a day with an average price of $300 per MWh and of $5 per MWh on a
day with an average price of $50 per MWh would have the same value of UVDA.

The author chooses price velocity rather than variance as a measure of

volatility because the author believes a consumer can better relate to this: what is
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the price change, and how fast does it occur, are concepts that consumers apply

to volatile commodities.

In this chapter the author focuses on UVDA, because the author is looking at
periods of price abnormality in markets. UVDA gives a sense of the consumer’s
perception of price volatility on a given day in the market relative to price levels
on that day. A high value of UVDA means that price is shifting rapidly over the
course of that day, while a low value means that price is following the pattern
predicted from the history of diurnal prices within the market, regardless of the

average price on that day.

Unexpected price velocity in part indicates the ability of a power consumer to
manage power consumption. Small commercial and residential consumers have
limited ability to implement DSM today because they do not have real time
meters and a practical indication of real time price, and consequently cannot face
the power market through spot (real time) pricing. Larger size commercial and
industrial consumers (who generally have an ability to know the real time pricing
and the time of use, for instance in Alberta,) can, if they choose, buy power at
spot wholesale prices plus a premium for transmission and distribution; in this
work, the author focuses on this aspect of DSM, i.e. real time pricing of power
through direct purchase from the power pool. However, these consumers have
very limited capability to respond on an hour by hour basis. Most industrial work
is scheduled one or more days in advance, and legislation prevents sending a
workforce home without pay on a few minutes notice. Hence whether power
price patterns are relatively stable and whether price excursions can be related to
comprehensible events such as weather excursions are important considerations

for consumers in assessing their benefit from DSM.

Note that many people (for instance, Kirschen, 2003; Borenstein et al, 2002)
have noted how critical DSM based on RTP (i.e. wholesale spot pricing with a
transmission and distribution surcharge) is to improved functioning of deregulated
power markets. The purchase of some power at spot price coupled with a
reduction in consumption at times of high price is a critical element of DSM. ltis

not necessary that all consumers apply DSM through RTP, only that a sufficient
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number do so in order to have some reduction in demand in response to price

spikes.

An analysis of diurnal price patterns and price velocity in the 14 deregulated
markets season by season and year by year lead the author to categorize the
markets into three groups: stable and consistent markets, markets with one bad
period or season, and chaotic markets. The author discusses the implications of
each, and in particular the author looks further at why deregulation of power has
caused such a backlash in some markets. The author focuses on the history of
deregulation in three markets (California, Alberta and Ontario), and considers
policy issues that reduce the likelihood of a consumer backlash in markets

considering deregulation in the future.

4.2 Time Patterns in Stable Markets

Figure 4-1 shows the seasonal price variations by year of AWDDP, AWEDP, and
the reverse cumulative distribution function (RCF) of UVDA in Britain. (Note that
UVDA can have negative values, when the price velocity is less than that
expected from the long-term average diurnal pattern. All UVDA curves are
truncated at a value of 0.5hr", which eliminates a small number of values in the
tail of the distribution.)

From the perspective of a power consumer who is considering planned DSM
by modifying planed power consumption to reflect price, Britain is an example of
a model market for deregulated power. There is a seasonal impact on power
price patterns that is predictable and repeatable. Some price excursions
occurred, for example, on weekdays in the winter of 1999, but these excursions
were low enough to avoid a major backlash against deregulation by consumers.
Previous work showed that there is a high correlation, about 0.7 between price
and load; load in turn usually reflects weather extremes that can be forecast
(Chapter 2; Li and Flynn, 2004a). Spain and Scandinavia (Nord Pool) have
similar characteristics. (Seasonal price variations in these markets are shown in
Section 4.7.1.) Spain had a period of slightly higher prices in the winter of 2002,
and Nord Pool had periods of higher prices in 2001, but as with Britain in 1999,

the deviation was not excessive, and volatility was low.
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Figure 4-1 Seasonal Variations in Britain.



These markets are ideal from the power consumer’s perspective; a thoughtful
consumer of electrical power can reasonably manage demand by shaping
consumption, because he can understand, and has confidence in, the
consistency of price patterns in the market. The average unexpected hourly

price change is low, less than 10%, and very rarely exceeds 20%.

The Leipzig Exchange (LPX), renamed the European Energy Exchange
(EEX) in 2002, serves as more of a wholesale clearing market, and does not
have enough history to draw comparable observations. (Seasonal price

variations in the LPX are shown in Section 4.7.1.)

4.3 Time Patterns in Markets with One or Occasional Bad Price Periods

Figure 4-2 shows the seasonal price variations by year of AWDDP and AWEDP,
and the reserve cumulative distribution of UVDA in Northern California. With the
exception of a nine-month period from the summer of 2000 through the winter of
2001, California has had a stable and consistent power price. (For a discussion
of the crisis in California, see, for example, Borenstein (2002) and Woo (2001).)
However, the “one bad period” was so bad that it significantly reduced public
support for deregulation; California’s price spike got such prolonged media
attention that the erosion of public support for deregulation extended far beyond
California. By the winter of 2001 the average power price on weekdays in
California was five times the long-term average price after deregulation, and ten

times higher than previous winter prices.

This kind of price excursion overloaded the tolerance of consumers; and
perhaps understandably so, since it was far higher than any price escalation in a
basic energy commodity seen in the last 20 years. Political intervention in the
power market was swift: California required power retailers to sell at fixed retail
prices while buying wholesale from a market with no effective price cap, bringing
several utilities into or near bankruptcy. It then re-entered the power market at
the height of its price crisis, buying long-term power at very high prices. Many of
these contracts were modified later based on the counterparty being judged to
have inappropriately influenced the power market. California reduced the
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Figure 4-2 Seasonal Variations in Northern California.



appetite for deregulation in other states; various groups frequently propose a
return to regulation. It is interesting to note that during the period of very high
prices in the summer and fall of 2000, California did not have high volatility in
price relative to the average price of the day. In the winter of 2001 unexpected
price velocity was higher than in previous years, but not excessive compared to
markets in Australia, discussed below. The problem in California was primarily

high price, not high volatility.

Virtually the same observation can be made about the Province of Alberta,
Canada, which experienced high prices in the same time period as California.
Alberta’s highest prices occurred in the fall of 2000, just before the residential
and commercial markets experienced full deregulation. As a result, customers
trying to buy power for the first time saw wholesale prices that were more than
four times higher than long-term average prices. The consequences were
similar, in that one period of very high prices has had a lingering impact on
consumer resentment. As with California, there was an immediate political
response: Alberta deferred a portion of power cost during the first year of
deregulation into subsequent years, which had the impact of postponing the
benefit to consumers when prices later retreated to more normal levels. While
the current government in Alberta is committed to deregulation, re-regulation is

proposed by opposition parties.

More recently, the Province of Ontario, Canada, first backed away from full
deregulation of power because a pattern similar to Alberta had emerged: as the
date of deregulation approached, power prices were spiking, and voter resistance
became increasingly vocal. The first response was to cap residential and small
consumer rates and support these from tax revenue. Then an election led to a

change of government that announced it will re-regulate power.

New Zealand had one minor and one major bad period, as shown in Figure 4-
3. The minor bad period occurred in the winter and spring of 2000, when
weekday power prices showed high price spikes at two peak periods in the day.
As expected, price velocity is higher during this time, arising from the rapid

change in price over the course of the day. The major bad period occurred in the

93

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



‘uoissiwiad noyum paugiyold uononpoidal Jayung “ssumo WBLAdoo oy} Jo uolssiuad yum paonpoiday

6

14.New Zealand:Benmore - AWDDP (Summer)

14

Reverse Cumulative Distribution Function RCF

Normalized Price

7~

Normalized Price

8 12 16
Hours

20

R ]

- -
1

14.New Zealand: Benmore -RCF

Hours

0.0 01 0.2 0.3
Price Velocity UVDA (he)

.New Zealand:Benmore - AWEDP (Summer)

Reverse Cumulalive Distribution Function RCF

Nomalized Price

Normatized Price

14 New Zealand:

Benmore - AWDDP (Fall)

Hours

Benmore - AWEDP (Fall)

1

Hours

-0.1 0.0 0.1 0.2 0.3
Price Velocity UVDA (hr)

Figure 4-3 Seasonal Variations in New Zealand.
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winter of 2001 and was caused by abnormally low rainfall that created a water
shortage. This caused a long and severe period of high prices that were typically
four or more times the long-term average price during peak usage hours on
weekdays; the impact was felt on weekends as well. Power prices were high but
not highly variable, relative to the average daily price, so unexpected volatility is
actually lower in the winter of 2001 than 2000. As with other jurisdictions, the
“one bad period” reopened debate about the merits of deregulation, although the

duration and intensity of this has been less than that in California.

PJM in the eastern United States has a repeating bad season rather than
“one bad period”, as illustrated in Figure 4-4: power prices peak in the summer.
Although the price spikes only occur on weekdays, they are presumably
aggravated by the high power demand for air conditioning during this season.
Volatility is also significantly higher in the summer. For the balance of seasons,
PJM has been a fairly consistent market, with higher prices in the winter and
spring of 2001 but not excessively so. The worst time of price excursion in PJM
was in the summer of 1999, with prices peaking at more than six times the
average price, but only for a few hours per day. Lower spikes in subsequent
years have not generated the fierce reaction to deregulation that is observed in

California.

Why have one or occasional bad periods stirred up strong public reaction in
some markets while concern in other markets has been relatively muted? Table

4-2 shows the highest seasonal average weekday power price during a period

Table 4-2 Average Price during Excursions

Season with Normalized Average
Highest Price | Weekday Price During the
Market Excursion Excursion Period
1. Canada: Alberta Fall 2000 2.95
2. USA: Northern California Winter 2000 5.14
3. USA: PJM Summer 1999 213
4. USA: New England Winter 2001 1.49
5. Germany: Leipzig Exchange Winter 2002 1.61
6. Netherlands Winter 2000 2.06
14. New Zealand: Benmore Winter 2001 3.92
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