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Electricity markets in historical perspectiveElectricity markets in historical perspective
Early industry evolution/economics led to monopoly Early industry evolution/economics led to monopoly 
concernsconcerns

G t hi / l ti i t d d t li it fi ’ i fG t hi / l ti i t d d t li it fi ’ i fGovernment ownership/regulation intended to limit firms’ exercise of Government ownership/regulation intended to limit firms’ exercise of 
pricing powerpricing power

“Traditional” cost“Traditional” cost--ofof--service regulation of investorservice regulation of investor--
owned utilities (IOUs) dominated in USowned utilities (IOUs) dominated in US

Works well to keep average prices close to average costsWorks well to keep average prices close to average costs over time:  over time:  
Low “rents”Low “rents”

Prices may be too high or too low compared to economic costPrices may be too high or too low compared to economic cost
Distorts consumption decisionsDistorts consumption decisions

But provides few incentives to keep costs lowBut provides few incentives to keep costs lowBut provides few incentives to keep costs lowBut provides few incentives to keep costs low
Higher costs generally flowed through to ratepayers Higher costs generally flowed through to ratepayers 
Insulation from competition reduces feedback and cost pressure Insulation from competition reduces feedback and cost pressure 

And distorts investment incentivesAnd distorts investment incentives

Trade off:  Imperfect markets v. imperfect regulationTrade off:  Imperfect markets v. imperfect regulation



Restructuring has replaced traditional costRestructuring has replaced traditional cost--ofof--Restructuring has replaced  traditional costRestructuring has replaced  traditional cost ofof
service regulation with increased reliance on service regulation with increased reliance on 
competition in many jurisdictions (globally)competition in many jurisdictions (globally)

Does restructuring improve efficiency?Does restructuring improve efficiency?
This is the “billion dollar” questionThis is the “billion dollar” questionThis is the billion dollar  questionThis is the billion dollar  question

Theory: Changes in incentives change behaviorTheory: Changes in incentives change behaviorTheory:  Changes in incentives change behaviorTheory:  Changes in incentives change behavior

Empirical evidence: What has happened?Empirical evidence: What has happened?Empirical evidence:  What has happened?Empirical evidence:  What has happened?

Focus on electricity generationFocus on electricity generationy gy g



How does restructuring change How does restructuring change 
ti ?ti ?generation?generation?

US:  1,000+ interconnected generating plants US:  1,000+ interconnected generating plants g g pg g p
built and operated mainly by investorbuilt and operated mainly by investor--owned owned 
utilities (IOUs)  utilities (IOUs)  
What changes in restructured regimes?What changes in restructured regimes?What changes in restructured regimes?What changes in restructured regimes?

New informationNew information (price signals)(price signals)
New incentivesNew incentives for operationfor operation by existing owners by existing owners 
(anticipatory short(anticipatory short to mediumto medium run)run)(anticipatory, short(anticipatory, short-- to mediumto medium--run)run)
Divestitures/new ownersDivestitures/new owners of existing plants (shortof existing plants (short-- to to 
mediummedium--run)run)
I t t i l tI t t i l t (l(l ))Investment in new plantsInvestment in new plants (long(long--run)run)
[And substantially [And substantially larger potential gainslarger potential gains if we expose if we expose 
a significant fraction of customers to real time prices]a significant fraction of customers to real time prices]



What might change: plant levelWhat might change: plant levelWhat might change: plant levelWhat might change: plant level

Technical efficiencyTechnical efficiencyTechnical efficiencyTechnical efficiency
e.g. improve heatratese.g. improve heatrates

Input mixInput mixInput mixInput mix
e.g. change labor/technology/fuel mixe.g. change labor/technology/fuel mix

Cost of inputsCost of inputsCost of inputsCost of inputs
e.g. changes in fuel procurement practices, e.g. changes in fuel procurement practices, 
employment employment p yp y

ReRe--balance expense of preventive balance expense of preventive 
maintenance v. cost of forced outagesmaintenance v. cost of forced outagesgg



What might change: dispatch levelWhat might change: dispatch levelWhat might change: dispatch levelWhat might change: dispatch level
Mix of plants included in the dispatch may Mix of plants included in the dispatch may 
i d t d d di ti (+)i d t d d di ti (+)improve due to expanded coordination areas (+)improve due to expanded coordination areas (+)

Market prices signal trade opportunitiesMarket prices signal trade opportunities
Regional trading organizations may improve interRegional trading organizations may improve inter--Regional trading organizations may improve interRegional trading organizations may improve inter
regional trade and congestion managementregional trade and congestion management

Mix of plants included in the dispatch may worsen Mix of plants included in the dispatch may worsen 
due to dispatch on price (bids) not costs(due to dispatch on price (bids) not costs(--))

If some firms withhold capacity from the market to If some firms withhold capacity from the market to 
exercise market power it will be replaced by powerexercise market power it will be replaced by powerexercise market power, it will be replaced by power exercise market power, it will be replaced by power 
from plants that otherwise would have been too from plants that otherwise would have been too 
expensive to run.expensive to run.

Mix of plants brought online improves (+)Mix of plants brought online improves (+)



Empirical assessment:  Measuring the Empirical assessment:  Measuring the 
ff t f t t iff t f t t ieffects of restructuringeffects of restructuring

We can’t simply compare prices, costs or We can’t simply compare prices, costs or p y p p ,p y p p ,
efficiency measuresefficiency measures across restructured v. across restructured v. 
traditional regulatory environmentstraditional regulatory environments

R t t d t t t d d t h hi h l t i itR t t d t t t d d t h hi h l t i itRestructured states tended to have higher electricity Restructured states tended to have higher electricity 
prices before restructuringprices before restructuring
Plant mix is different in states that have restructuredPlant mix is different in states that have restructured
Input shocks, especially fuel prices, change costs Input shocks, especially fuel prices, change costs 
over time even without restructuringover time even without restructuring

We need a counterfactual:  What would have We need a counterfactual:  What would have 
happened happened without without restructuring?restructuring?pppp gg



Empirical assessment:  The importance Empirical assessment:  The importance 
f th t f t lf th t f t lof the counterfactualof the counterfactual

To measure empirical effects of restructuring,To measure empirical effects of restructuring,To measure empirical effects of restructuring, To measure empirical effects of restructuring, 
consider a set of efficiency measures, consider a set of efficiency measures, XX

XX ∈∈ {investment fuel use staffing levels etc }{investment fuel use staffing levels etc }XX ∈∈ {investment, fuel use, staffing levels, etc.} {investment, fuel use, staffing levels, etc.} 
Some candidate counterfactuals:Some candidate counterfactuals:

XX before restructuringbefore restructuring
Restructuring Effect:

difference: X2000 – X1990XX before restructuringbefore restructuring
XX in other parts of the world.in other parts of the world.
XX in states/utilities that aren’tin states/utilities that aren’t

difference:  X2000 X1990

“difference in differences”

(X2000, CA – X1990,CA) -
XX in states/utilities that aren t in states/utilities that aren t 

restructuring (as quickly?)restructuring (as quickly?)
(X2000,KY –X1990,KY)



Restructuring effects on Restructuring effects on 
ti ffi iti ffi ioperating efficiencyoperating efficiency

Fabrizio, Rose and Wolfram (AER, 2007): Operation of Fabrizio, Rose and Wolfram (AER, 2007): Operation of , ( , ) p, ( , ) p
existing fossil plants/existing owners (IOUs)existing fossil plants/existing owners (IOUs)

DifferenceDifference--inin--difference analysisdifference analysis
Significant improvement in input use at large fossil Significant improvement in input use at large fossil 
IOU plants in restructuring states over 1980IOU plants in restructuring states over 1980--1999 1999 
relative to two “control groups”relative to two “control groups”

Similar IOU plants in nonSimilar IOU plants in non--restructuring statesrestructuring states
CooperativelyCooperatively-- and publiclyand publicly--owned plantsowned plants

Restructuring improved nuclear plant capacity factorsRestructuring improved nuclear plant capacity factorsRestructuring improved nuclear plant capacity factors Restructuring improved nuclear plant capacity factors 
Zhang (JIE, 2007)Zhang (JIE, 2007)



Plants operated by IOUs in restructuring states 
experienced the greatest improvement in nonfuel
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Capacity factors increased for nuclear plants Capacity factors increased for nuclear plants 
facing restructuring activity facing restructuring activity g g yg g y

(Zhang, 2007)(Zhang, 2007)



Efficiency Increases in Divested PlantsEfficiency Increases in Divested PlantsEfficiency Increases in Divested PlantsEfficiency Increases in Divested Plants

Bushnell and Wolfram (2006) estimate that Bushnell and Wolfram (2006) estimate that 
fossil plants have ~2% lower heat rates afterfossil plants have ~2% lower heat rates afterfossil plants have ~2% lower heat rates after fossil plants have ~2% lower heat rates after 
divestituresdivestitures

At current fuel prices this amounts toAt current fuel prices this amounts toAt current fuel prices, this amounts to At current fuel prices, this amounts to 
$1.50/MWh or more$1.50/MWh or more
At the plants that were divested, this adds up toAt the plants that were divested, this adds up toAt the plants that were divested, this adds up to At the plants that were divested, this adds up to 
savings of more than $1 billion per yearsavings of more than $1 billion per year

Barmack, Kahn, & Tierney (2007) estimate Barmack, Kahn, & Tierney (2007) estimate , , y ( ), , y ( )
nuclear plant capacity factors increase about nuclear plant capacity factors increase about 
10% post10% post--divestituredivestiture



Markets improve the mix of plants in dispatchMarkets improve the mix of plants in dispatcha ets p o e t e o p a ts d spatca ets p o e t e o p a ts d spatc

Mansur and White (2008) examine effects ofMansur and White (2008) examine effects ofMansur and White (2008) examine effects of Mansur and White (2008) examine effects of 
PJM market expansionPJM market expansion
Centralized market replaced bilateral trading Centralized market replaced bilateral trading p gp g
between PJM East and the Midwestbetween PJM East and the Midwest
Dramatic increase in volumesDramatic increase in volumes that flowed from that flowed from 
inexpensive coal plants in the Midwest to inexpensive coal plants in the Midwest to 
Pennsylvania, New Jersey and MarylandPennsylvania, New Jersey and Maryland
Reduced prices spreadsReduced prices spreads across marketsacross markets
Estimated savings on the order of $180m/yearEstimated savings on the order of $180m/year



Quantities traded:  DayQuantities traded:  Day--ahead net exports, ahead net exports, 
MidwestMidwest EastEastMidwest Midwest EastEast



What’s the bottom line on restructuring?What’s the bottom line on restructuring?at s t e botto e o est uctu gat s t e botto e o est uctu g

Remind ourselves about the source of potential gains Remind ourselves about the source of potential gains 
from restructured electricity markets:from restructured electricity markets:from restructured electricity markets:from restructured electricity markets:

It’s It’s notnot about simple shortabout simple short--term price level movement term price level movement 
That may be due to temporal shifts (such as differences in That may be due to temporal shifts (such as differences in 
plant age, regulatory rate base accounting, treatment of plant age, regulatory rate base accounting, treatment of 
“stranded costs,” ) or to changing input prices, especially fuel“stranded costs,” ) or to changing input prices, especially fuel

Real benefits arise fromReal benefits arise from
Lower costs due to increased operational efficiencyLower costs due to increased operational efficiency (short(short-- to to 
mediummedium--run)run)
Better investment decisionsBetter investment decisions (long(long--run)run)Better investment decisionsBetter investment decisions (long(long run)run)
Better consumption decisionsBetter consumption decisions (using retail prices to signal true (using retail prices to signal true 
costs of consumption)costs of consumption)



Initial Evidence is EncouragingInitial Evidence is EncouragingInitial Evidence is EncouragingInitial Evidence is Encouraging

Evidence on operating efficiency at existing Evidence on operating efficiency at existing p g y gp g y g
generating plants is positive.generating plants is positive.
Effective market design can help mitigate market Effective market design can help mitigate market 
powerpower
Additional efficiency gainsAdditional efficiency gains possible through:possible through:

More efficient longMore efficient long--term (capital) investmentterm (capital) investmentMore efficient longMore efficient long term (capital) investment term (capital) investment 
Incentive regulation for transmission and distributionIncentive regulation for transmission and distribution
Allowing retail prices to better signal the true costs of Allowing retail prices to better signal the true costs of 
consumers’ energy usage decisionsconsumers’ energy usage decisions (e g real time pricing)(e g real time pricing)consumers  energy usage decisionsconsumers  energy usage decisions (e.g., real time pricing) (e.g., real time pricing) 

Improving consumption decisionsImproving consumption decisions
Decreasing investment needed in peak capacityDecreasing investment needed in peak capacity
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