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Abstract

All decisionsabout investmerts in new generation, transmission, distributed energy re-
sourcesand load managemen are basedon expectations about future market conditions. This
paper develops an analytical framework for evaluating forward contracts and investment de-
cisionsunder the assumption that Prms are risk averse. A bxed price/bPxed quartity delivery
cortract forms the basisfor the portfolio of a Distribution Comparny (DISCO). It is supple-
mented by a two-part contract for peaking capacity (A variable chargefor real energydelivered
and a bxedcharge for capacity). The prices and quartities of thesecontracts are optimized to
provide an equilibrium solution betweenthe DISCOs and the Generating Companies(GEN-
COs) with equal market power for ead side of the market. Additional purchasesof electricity
may be made in a spot market that is characterized by infrequent price spikes during the
summer months. These price spikes make the spot market very risky for a DISCO because
customerspay a bxedregulated rate to the DISCO. Using a set of realistic assumptionsabout
price behavior in the spot market, the results shov that the optimum quartity of capacity
contracted by the DISCO is substartially above the averageon-peak load for the summer.

From the perspective of a potential investor in new generating capacity, the net reverue
from a peaking contract is shown to be lessthan 30% of the level neededto justify the invest-
ment. The additional annual premium neededto build 1000MW of new peaking capacity is
shawvn to be much smaller than the equivalert cost of two alternativ e policiesthat attempt to
make the market give the OrighO signals for a new investmert. The brst policy is to ensure
that the annualized capital cost of hew peaking capacity can be recovered by increasing the
price paid for availability in an ICAP (capacity) market. This higher price is paid for all
capacity in the ICAP market and not just for the new investmert. The secondpolicy is to
allow higher price spikesin the spot market, keepingthe average spot price constart. The
additional risk facedby a DISCO with higher and more volatile spot prices puts a GENCO in
a strong position to extract a substartial risk premium from the DISCO above the expected
spot price. This risk premium leadsto an increasein the total cost paid by a DISCO when
price spikesare allowed. However, the additional cost of investing in new peaking capacity is

lessthan half the corresponding increasedcost using higher ICAP paymernts.
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1 Introduction

In both regulatedand deregulated(or restructured) markets for electricity, the supply systemmust
meet standards of reliability as well as generateenoughreal energyto meet the currert level of
load (demand). System security determineshow to use existing generatorsin real time to cover
an unexpected loss of equipmern, sud as a generator. System adequacydeterminesthe level of
generationand transmissioncapacity neededto meet expected demandin the future.

The real energy purchasedby customersis a private good, but maintaining reliability on a
network is a public good (Mount, Sdulze and Sculer, 2003). Consequetly, the needto specify
an explicit reliability standard for systemadequacywill still remain in a deregulatedmarket, but
there is no built-in way to ensurethat investmen will be sulcient to meet this standard. Since
market forcesdetermine investmen behavior in a deregulatedmarket, market participants decide
on their own whether or not they want to build a new facility. Oren(2002) arguesthat system
adequacycan be treated as a private good if the resene margin is specibedas a bPxed proportion
of the maximum load. Howewer, this still implies that there is no guarartee that the amourt of
installed capacity in a deregulatedmarket will be sulcient to maintain systemadequacywithout
someoversigh and possibleintervertion by the systemoperator and/or by regulators. The focus
of this paper is on generationcapacity, and the transmissioncapacity is treated as bxed. In reality,
both typesof capacity interact with ead other to determine whether or not systemadequacyin a
load pocket, for example, meetsthe NERC standard. An important goal for future researt is to
extend the methods to considerinvestmer in transmission.

The proceduresusedby NERC to identify a future shortfall of generationcapacity are similar
in both regulated and deregulatedmarkets. The main di"erence is in the responseto a potential
shortfall of capacity. Under traditional regulation, having a guararteed rate of return on a prudent
investmert providedasulcien t incertiv eto ensurethat utilities would bewilling to build the needed
capacity. In fact, regulators were typically more concernedabout the Averich-Johnsone"ect and
having too much capacity built rather than too little capacity. Sincethere is no guararteed rate of
return in a deregulatedmarket, investors@xpectations about the spot market determine directly,

or indirectly through forward cortracts, whether a particular investmert is worthwhile. Without
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a guararteed rate of return, Pnancial risk becomesa certral issuefor investors. Unfortunately,
regulatorsin the USA have probably exacerbatedthe bnancialrisk facedby investorsin deregulated
markets by changingthe market rulesand, moreimportantly, market outcomes(seeBushnell (2003)
for a generaldiscussionof this topic, and Mount and Lee (2003) for an analysisof the Californian
market during the OcrisisGn 2000/01).

The forward prices(the price at the current trading date for delivery at a specibedfuture date)
of electricity and fuels are the basic inputs for ewvaluating an investmert in generation capacity.
Although economictheory can determine the prices of standard Pnancial derivatives for many
commalities, sudh as stocks and bonds, this is not the casefor electricity. The Prst reasonis
that part of the risk, sud as the regulatory risk, cannot be diversiped,and therefore, standard
procedures,like using the Black-Sdoles formula, are no longer applicable. A secondreasonis
that electricity is e"ectively non-storable, and as a result, standard arbitrage-basedmethods of
determining forward prices are also not applicable. For storable commalities, the Ocost-of-carryO
is the key factor linking the forward price to the spot price, and in equilibrium, the forward price is
equalto the spot price plus the cost of storage. For electricity, howewer, the quartities deliveredon
di"erent datesare e"ectively di"erent commalities, and the forward price curve for future delivery
dates correspnds to the expectation of the correspnding spot price for ead delivery date plus
a risk premium. Consequetly, forward curvesfor electricity are inBuencedby expectations about
fuel pricesand tend to exhibit distinct seasonapatterns ref3ectingthe level of load.

Sincethe standard analytical proceduresfor calculating forward prices are not appropriate for
electricity, one possiblealternative approad is to usethe obsened relationship betweenspot and
forward pricesto estimate the risk premium. Unfortunately, there is no establishedsourceof price
discovery for the forward price of electricity that is equivalert to the futures market for natural gas
operated by the New York Mercartile Exchange(NYMEXx) at Henry Hub. A fundamenal compli-
cation for electricity is that the e"ects of congestionon the transmission systemand of di"erent
regulatory rules in di"erent regionsmake spot price behavior much more regionally idiosyncratic
comparedto natural gas. Consequetly, it is infeasiblefor pricing electricity derivativesto rely
on pricesin a national market at one location as a primary sourceof price discovery for all loca-
tions. For example, NYMEX trades Pnancial swap options (contracts for the cost-of-di"erences)

for electricity at three di"erent locations in New York State, but it is unlikely that these prices



would provide e"ective hedgesfor pricesin PJM and New England. Until recerly, the volume of
electricity trading on public exdhangeswas limited, and this lack of liquidity made these markets
unreliable as a sourceof price discovery. Most trading was, and cortinuesto be, over-the-courter,
and public information about the forward price curve for electricity is often unreliable and is simply
not available for many regionsof the courtry.

Due to thesedilculties, there is relatively little literature addressingthe issueof how to price
derivativesin electricity markets. Routledge, Seppi, and Spatt (1999) determine an equilibrium
price for an electricity contract by linking the markets for natural gasand electricity (i.e. analyzing
the spark spread)and usingthe fact that natural gascanbe storedor cornvertedinto electricity. Wu,
Kleindorfer and Zhang (2000) specify a cortract arrangememn betweenone Sellerand one or more
Buyerswhenthe product deliveredunder the cortract comesfrom a non-scalable capital-intensive
production facility. In their model, Buyers and the Seller negotiate cortracts in advance,and on
any day, the Seller can sell in the spot market any electricity that is not usedby the Buyers, or
buy electricity in the spot market if the spot price is lower than the production cost. This type of
bilateral cortract is a two-part cortract. The brst part is a resenation costper unit of capacity, and
the secondpart is an executioncostor price per unit of product purchased. Using a von-Stadkelberg
gamewith the Sellerasthe leader,they show that the optimal cortract for the Selleris to setthe
executioncost equalto the true marginal cost, and to setthe resenation costashigh asthe Buyer
canbear. Mount and Yoo (2002) shov how weather derivativescan be usedto hedgecortracts that
specify high priceson hot (high load) days, and therefore, presene important market signals.

Besserbinder and Lemmon (B&L, 2002)presern an equilibrium model of the spot and forward
pricesthat applieswhenthesepricesare determinedby industry participants and the net position
of the market is always zero(i.e. thereis no speculation by traders). Assumingthat the participants
are risk averseand represeted by a mean-\ariance framework, B&L obtain closedform solutions
for the equilibrium forward price and for the optimal forward position. Using this model, the
equilibrium forward price has a higher risk premium in the summer months when the expected
market demand and the price volatility are highest. They shaw that this prediction is conbPrmed
by data from PJM and California (prior to the crisis period). Siddiqui (2002) usesa similar mean-
variance framework to considermarkets for resene capacity as well as for real energy and shows

that resenescan be treated like a Pnancialderivative and usedto managerisk.



All of the papers cited in the previous paragraph deal with the Pnancialrisk assaiated with
the uncertainty of future prices. At the presen time, the e"ects of regulatory risk, howeer, are
likely to increasethe risk premium for electricity. For example,it is dilcult at the presen time for
investorsto predict the e"ects of establishinga new Regional TransmissionOrganization (RTO) in
the Midwest. The underlying implication is that obsened forward prices may di"er substartially
from the valuesimplied by simpleeconomicmodels. This wasdepbnitelythe casein California during
the crisis (Mount and Lee), but, as merntioned above, B&L Pnd that the forward pricesbeforethe
crisis were consistet with their theoretical model. In addition, Lucia and Sdwartz (2002) show
that the risk premium in the Nordic market follows a similar seasonalpattern to the one derived
by B&L. In the Nordic market, the prices have beenrelatively stable and free from the type of
disruptions experiencedin the USA.

The basic conclusionsrelating to systemreliability are (1) it is important to have public infor-
mation about forward pricesaswell as spot prices, particularly when major regulatory changesare
likely to occur, and (2) uncertainty about the e"ects of regulatory rules, sud as the Automatic
Mitigation Procedures(AMP) usedin the Northeast, is likely to increaseto the risk premium for
electricity and make it harder and more expensive to meet reliability standards.

There are indications that shortagesof generation capacity may occur relatively soon in the
Northeast. For example, a recert study of electricity supply in New York City predicts that an
additional 2600MW of capacity will be neededby 2008(New York City Energy Policy Task Force,
2004). The main objective of this paper is to provide an analytical framework for evaluating this
type of problem. The approad takenis similar to the oneusedby B&L, but in our model, the mean-
variance framework is replacedby a represemation of risk that is more consisten with economic
theory. As Jarrow and Zhao (2003) explain, a mean-\arianceframework is not an appropriate model
when the distribution of returns is skewed, and skewnessis an important feature of deregulated
electricity markets due to the presenceof price spikes. In particular, our model exhibits aversion
to Pnanciallosses,and as a result, the framework identibes the basic asymmetry of risk faced by
buyers and sellerswhen price spikesoccur in the spot market.

The uncertainty of both price and load (volume) are modeled explicitly, and it is assumedthat
any regulatory risk is incorporated into the probability density functions for price and load. In this

respect, our model hasthe samelimitation asthe other modelsin the literature. Sinceregulatory



risk is likely to increasethe risk premium for electricity, our results should be treated as a lower
bound on the cost of maintaining system reliability when the Pnancial incertives for investmert
in the spot market are inadequate. Determining how well our predicted forward prices explain
obsened forward priceswill be a subject for future researt.

If a projected shortfall in generationcapacity is identibed in a region (i.e. standardsof system
adequacywill not be met in the future given current information on investmen and retiremens),
the most direct way of correctingthe problemis to requestbids for building the additional capacity.
This requestcould be madeby a systemoperator and/or by regulators,and the costof the contracts
would evertually be allocatedto the Load ServingEntities (LSE) in the region. This type of direct
intervertion by regulatorsis consideredoy many peopleto be inconsisten with the basicobjective of
relying on market forcesto make decisionsin a deregulatedmarket. Largely in responseto this type
of reasoning,regulatorsin the Northeast have beenconsideringalternativesto direct cortracting.

One alternative to direct cortracting has already beenimplemerted in New York State, and it
involvesaugmeriing paymerns to generatorsin the Installed Capacity (ICAP) auction. The current
rule in New York State requiresead LSE to buy generationcapacity in the ICAP auction to cover
their forecastedpeak load plus an 18% margin. Any LSE that fails to cover this margin must pay
a very large penalty. Similar rules govern the ICAP markets in PJM and New England. Sellers
of ICAP receiw the reveruesfrom the auction and, in return, have an obligation to submit o"ers
into the Day-Ahead Market (DAM). In other words, the ICAP auction provides assurancethat
generatorswill be available in the DAM and that standardsof systemadequacywill be maintained
in the short run (i.e. a few months ahead).

The modibPed ICAP auction specibPesa demandcurve that is calibrated to pay the annualized
capital cost of IMW of new peaking capacity at the OidealQevel of capacity neededto maintain
system adequacy(Reeder, 2002). The clearing price will be higher (lower) if the total capacity
o"ered is less(more) than the ideal amourt. The narrow objectives of the modibcation are to
stabilize reveruesfor generatorsin the ICAP auction and to extend the auction further into the
future. The broad objectivesare to encouragenew investmer and discourageretiremens when a
capacity shortageis projected in the future.

A secondalternativeto direct cortracting correspndsto the approad takenin Australia. Partly

in responseto the Californian crisis, regulatorsin the USA have imposedrelatively low price caps



in the spot market and implemerted other Automatic Mitigation Procedures(AMP). In Australia,
the regulatory environmert is very di"erent and the price capis about seventimes higherthan it is
in the Northeastern markets ($10,000A/MW versus$1000US/MW). In general,higher price spikes
imply higher returns for peaking capacity in the spot market, but the overall averageprice may be
higher or lower. The evidencefrom Australia suggeststhat deregulation has reducedthe average
price even though very high price spikesdo occur (NECA, 2004).

The Prst part of this paper (Section 2) dewelopsan analytical framework for evaluating forward
cortracts under the assumptionthat Prmswant to avoid Pnanciallosseqi.e. Prmsarerisk averse).
A Pbxed price/bxed quantity cortract, similar to the standard corntract-for-di"erences traded on
the New York Mercartile Exchange,forms the basisfor the portfolio of a Distribution Compary
(DISCO). It is assumedhat the DISCO is in a transition phaseof deregulation,and the customers
of the DISCO pay a bxedregulatedrate for electricity. The DISCO facesvolumerisk, becausdoad
is stochastic, and price risk for purchasesin the spot market. The bxedcontract is supplemered
by a two-part cortract for peaking capacity (A variable charge/MWh for real energydeliveredand
a bxedcharge/MW for capacity).

The prices and quartities of the two-part cortract are optimized to provide an equilibrium
solution betweenthe DISCOs and the Generating Companies(GENCOs) with equalmarket power
for eat side of the market. Additional transactions may be made in the spot market that is
characterizedby infrequert price spikesduring the summermonths. Theseprice spikesimply higher
probts for a GENCO but they make the spot market very risky for a DISCO. In our analysis,the
behavior of spot pricesis exogenousand is not a"ected by the positions of the DISCO and GENCO
in the forward market.

The secondpart of the paper (Section 3) evaluatesan investmen decisionfor 2000MW of new
peaking capacity. The assumptionis that a potential new entrant into the market must receive
a high enoughrate of return to cover the inherernt risk in the electricity market and make the
investmen equivalernt to a stablerate of return in the bond market. It is assumedhat the investor
already has a forward cortract for fuel but will needto have a long-term forward cortract for
electricity to securebPnancing. The terms of this forward cortract will be a"ected by pricesin the
spot market. Given the asymmetry of risk in the market, an investor can get a high premium in a

forward cortract from a DISCO when price spikesare high and/or frequert. Under the assumptions



made about spot prices, a forward corntract for peaking capacity will provide lessthan 30% of the
rate of return neededto justify aninvestmen in new capacity.

Given this predicamen for investors, the analysisthen ewvaluatesthe Pnancialimplications of
providing a sulcient supplemen to the earningsof a potential investorto make an investmer in
peakingcapacity occur. The three alternative proceduresconsideredare (1) using a direct cortract
for the new capacity, (2) increasingpaymens in a capacity auction to cover the annual capital cost
of peakingcapacity, and (3) increasingthe number and frequencyof price spikesin the spot market.
The resultsshaw that the brst procedureis by far the leastexpensive becausemost of the additional
costsusing the other two proceduresgo to the ownersof installed capacity. Furthermore, there is
no obligation placed on the owners of installed capacity to invest in new capacity. In cortrast,
the direct cortract is, by debPnition, an obligation to build a specibPedamourt of peaking capacity.

Theseconclusionsare summarizedin Section4.

2 An Analytic Framework for Evaluating Forward Con-

tracts for Electricity

2.1 The Financial Risk of Transactions in the Spot Market

Spot pricesin a deregulatedelectricity market like PIM tend to be highly volatile in the summer
months whenthe load is high. This wasparticularly true in 1999whensupplierswerebrstallowedto
submit market-basedo"ers into the auction. Mount and Oh (2004) descrile how suppliersbehaved
in this auction, and they shov how computeragerns canbe usedto replicatethe behavior of suppliers
and the price volatility in this spot market. In a deregulatedelectricity market, uncertainty about
the actual level of systemload makesit rational for some suppliersto speculate with marginal
generators,and the result is a supply curve shaped like a hockey stick. Figure 1 shaws the actual
o"ers submitted at 5pm on the last Tuesda of April to August in 1999. Speculative 0"ers were
submitted in all of the casesshawvn in Figure 1 even though the total capacity o"ered varied a lot.
When load is high relative to the total capacity o"ered into the auction, a price spike may occur,
and a price spike did occur in the casefor July in Figure 1.

Figure 2 shows the daily averageon-peak price and load in the PIJM spot market from April,



PIM Offer Curves at 5pm from April to August (last Tuesday)
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Figure 2. AverageOn-Peak Price and Load in the PJM Spot Market

1998to Decenber, 2003. The price spikesin the summer of 1999 are higher and more frequert
than they are in other years. In 1998, o"ers into the auction had to be basedon the true costs
and speculation was not allowed. Following 1999, high prices have beenmitigated by a number of
factors, sudh as new capacity, load respopnseand AMP. The overall implications for a deregulated
market are (1) both price risk and volume risk are important features, and (2) the risk is much
higher in the summerthan it is in other seasons.

Sincethe high loadsin the summer determine the amourt of generation capacity neededfor
systemadequacy our analysiswill focuson the summermonths. The basicassumptionis that some
peaking capacity is only neededduring the summer,and as a result, the total annual earningsfor

this capacity must accrueduring the summer. In addition, we assumethat day-to-day variability in



earningsis inevitable. It is the variability of the cumulative earningsover the summerthat matters
for Pnancialrisk. This is consiste with the standard Pnancialreporting of public companiesevery
quarter. In other words, we assumethat a Prmis concernedabout the probt or lossin ead quarter.
In addition, we assumethat Prmsare risk averseand want to avoid losses.The next stepis to shov
that a DISCO facesmorerisk than a GENCO in the spot market.

The basicassumptionsfor a DISCO are (1) it hasan obligation to meeta bxedproportion (5%)
of the zonalload, (2) it is in a transition phaseof deregulationand is paid a Pxedregulatedrate by
customers,and (3) it has other Pnancial obligations to cover, sud asthe cost of maintaining the
distribution system. If the DISCO purchasesall electricity in the spot market to meet load, the
price risk and volumerisk are substartial. On a day whenthe load is high and a price spike occurs,
the DISCO still hasto purchaseelectricity eventhough the regulatedprice paid by customersis less
than the spot price. During a hot summer,this situation will occur relatively often and the DISCO
may make a cumulative lossby the end of the summer. The obligation to serwe customersis the
underlying reasonwhy PacibcGas and Electric declaredbankruptcy during the crisisin California
in 2000.

On the supply side of the market, it is assumedthat there are two typesof brms. One owns
baseload capacity and the other owns peakingcapacity. Both typesof GENCO have predetermined
costsof production (i.e. the prices of fuels and other inputs are bPxedin forward cornracts). The
main di"erence betweena DISCO and a GENCO is that a GENCO does not have to produce if
the spot price is below the marginal cost. This is equivalert to holding a call option with the strike
price equalto the marginal cost. Unlike a DISCO, a GENCO is not vulnerableto operating losses
but there is no guarartee that earningswill cover the full costof capital. Sincethe DISCO and the
GENCO facethe samespot pricesin the analysis,we are implicitly ignoring the possibility of price
di"erencesdue to congestionon the network.

The underlying sourceof risk facedby both a DISCO and a GENCO is the stochastic nature
of the weather during the summer. High temperatures are assaiated with high loads and high
pricesin the spot market. Weather generatorscan be usedto determine realistic realizations of
daily temperatures (Yoo, 2004),and we usea sampleof 1000realizations of temperature patterns
in the summerto determine the stochastic properties of the load and spot price. The description

of these simulations and the specibcationsfor the DISCO and the GENCO are given in Section 3



(the cost structures of the GENCO and the DISCO in Figure 3 and 4 are simpler than they are in
the simulations). The purposehereis simply to illustrate the di"erencesin Pnancialrisk facedby
a DISCO and a GENCO in the spot market.

Histogram of Quarterly Earnings of DISCO
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Histogram of Quarterly Earnings of GENCO
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Figure 3: Quarterly earningsof a DISCO and a GENCO (million$)

The results summarizedin Figure 3 shaw the relative frequenciesof the quarterly earningsfor
a DISCO and a GENCO (peaking) using the sample of 1000 summers. The di"erence between
them is obvious. The distribution for the DISCO is skewed to the left and the distribution for the
GENCO is skewed to the right. The GENCO newer makes a loss, but the DISCO makes a loss
most of the time and the magnitudesof somelossesare substartial. On average,the DISCO makes
a loss (-$4.5million), which must be recoveredin other seasonsand the GENCO makes a probt
($5.3million). The resultsin Section 3 shaw that the DISCO is willing to accepta larger average
lossto avoid the very large lossesthat can occur in a hot summer. This implies that the GENCO
is paid a risk premium in a forward cortract.

The Pnancialrisk facedby a DISCO in the spot market can be o"set by purchasing forward
cortracts at predeterminedprices. The structure of thesecoriracts is a"ected by the shape of the
load duration curve, and Figure 4 shaws this curve for a typical summer. The shape implies that
roughly 250MW of baseload capacity is neededand up to 600MW of total capacity. Thesevalues,
particularly the latter, are highly sensitive to the specibctemperature pattern in the summer. The
basicstrategy of the DISCO is to hold a bxedprice/bPxed quartity cortract, called a bxeddelivery
cortract, to cover a proportion of the baseload. This type of cortract is similar to the Pnancial

contract-for-di"erences traded on the NYMEX, but a bxeddelivery cortract is not appropriate for
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A Simulated Load Duration Curve
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Figure 4: A Simulated Load Duration Curve

the peakingload becausehis load varieshour by hour. A two-part cortract is usedfor the peaking
load that specibesa price per MW for capacity and a price per MWh for the actual amourt of
electricity purchased. This type of cortract is not traded on the NYMEX, and it would be executed
asa bilateral cortract in the Over-the-Courter market.

In an active and e!cien t market, the pricesin the two di"erent cortracts will be closelyrelated
together, becausethere should be no arbitrage opportunities betweenthem and both cortracts will
rel3ect expected conditions in the spot market. The analytical framework deweloped in the next
sub-sectionpresents a procedurefor evaluating Pnancialrisk and pricing forward cortracts giventhe
stochastic characteristics of the spot market. The basicrule is that both a DISCO and a GENCO
must benebtfrom holding a forward cortract (basedon expectations about future outcomeswhen
the cortract is signed). Using this framework, the optimum portfolio of forward cortracts can be

determined. This portfolio implies that there is equilibrium in the spot and forward markets.

2.2 Risk Measurement and Optimal Trading

The economicliterature discussesiumerousways of measuringbPnancialrisk, suc asthe variance,
expected value of loss, semi-\ariance, value at risk, conditional value at risk. Modern forms of
measuringrisk have ewlved from the original paper by Markowitz (1952) on the portfolio problem.
This theory specibeghe meanand varianceof stock returns asthe argumerts of an expectedutilit y
function. It canbe shavn that if the utilit y function is quadratic, expected utilit y will increasein

mean and decreasen variance for all forms of probability distribution in the portfolio. For this
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utilit y function, only the Prst two momerts matter. Also, if the utilit y function hasan exponertial

form and the portfolio follows a normal distribution, the brst two momerts uniquely determine
the expectedutilit y. Howewer, a quadratic utilit y function has an unrealistic property becausethe
utilit y decreasesvhenthe total return is above a certain point. Using an exponertial form of utilit y
function restricts the absolutelevel of risk aversionto be a constart (equal to its power). For some
portfolios, the symmetry of a normal density function is hard to justify. Furthermore, since the
varianceis a symmetric measureof risk, the positive deviations of total returns above the meanare
penalizedjust as much as the negative deviations. This is not a desirableproperty if traders are
averseto losses.

Giventhe limitations of usingthe varianceto measurerisk, a number of OdevnsideQisk measures
have beenproposed. For example,Value at Risk (VaR) and Conditional Value at Risk (CVaR) are
widely usedtoday. Let I(x;Y) denotethe lossfunction for a decisionvariable x that is chosenfrom
a specibedsubsetX , whereY is a random vector. For our application, the value of x represetts the
return from a specibcportfolio chosenfrom the set X of all available portfolios, and Y represeims
uncertainties in the market. If the probability density function of Y is p(y), wherey is a realization
of Y, the probability of not exceedinga threshold level of losswill be:

|

#(x,!) = p(y)dy
I(x,y)<!

The dePnition of VaR with conbdencdevel " of the lossassaiated with a decisionvariable x (i.e.
" -VaR) is the minimum loss:
P = min{! [#(x, )" "}

The correspnding debnition of CVaR with conbdencdevel " of the lossassaiated with a decision
x (i.e. "-CVaR) is: |

1

#o= I(X, d
T oyt | (X, y)p(y)dy

VaR is corveniert to usebecausat is analytically tractable, but it hasreceived much criticism
for its inability to di"erentiate betweena portfolios with large lossedessthan ! and another with
small losseslessthan ! that both have the sameprobability " of occurring. The reasonfor this
is that only the probability of a losslessthan ! matters for VaR and not the magnitude of the

lossedessthan ! . While " -VaR measureghe lossthat is exceededn (1# " )100%of the possible
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outcomes," -CVaR is the expectedlevel of loss,conditioned on the lossbeing greaterthan or equal
to VaR. Even though CVaR accourts for the magnitude of lossesbeyond VaR, it ignoresthe risk
of lossesabove VaR, and it assumesmplicitly that the risk of any volatility above! is zero.

In an electricity market, the resultspreserted in Section2.1 (Figure 3) show that the probability
of large lossesfor a DISCO is a certral feature of the market, and a risk measurethat penalizes
large lossess needed.In addition, the risk of volatile returns above somethreshold value may also
be important for a GENCO. Motivated by this, we proposea utilit y function that accourts for risk
at all levels of return but penalizesdownsiderisk more heavily. The following function is a scaled

form of the Linex function that hasbeendiscussedextensively by Bell (1994):

u$) = (1# ab$ + b(1# exp(# a$)) (1)

where $ is the level of wealth, and a and b are parameters! Under the regularity conditions
(a> 0,b> 0andab< 1), it can be shown that this is the only form of utilit y function with the
following set of desirableproperties:

Property 1: the Prm prefersmore wealth to less,i.e., u'($) > 0.

Property 2: the Prm is lessrisk averseas wealth increasesj.e., r = #u"($)/u'($) > Oandr is
monotonically decreasing.

Property 3: the brm becomesisk neutral when earningsare high.

Property 4: utilit y is negative for negative earningsand positive for positive earnings.

Property 5: the marginal utilit y evaluated at O is 1, i.e., u*'(0) = 1.

The Linex function is an asymmetric measureof risk, and it reRectsa PrmOslownside risk
aversion by penalizing big losses(w $ 0) very sewrely (i.e., #% < #b exp#a$) < #b) and
penalizing positive probts (w " 0) much less(i.e..# b< #bexp®# a$) < 0). As probtsincrease the

penalty goesto zeroand the Prm becomesrisk neutral. The utilit y function usedin the analysis

LJarrow and Zhao (2003) claim that an agertOsdownside loss averse utilit y can be specibedover the portfolioOs

return: '
f(w), forw>= g;

UW) = fw) + gw), forw< a

where f and g are increasingand f is concave. The function g embodies the investorOsversion toward downside
losses(x < a), while the function f represens a standard risk averseutilit y function. The referencelevel a can be a
constart or depend on the distribution of returns. They show that the Linex function is a special caseof this general
model.
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with a = 1000and b= 0.0005is shavn in Figure 5.2 Given the distributions of earningsin Figure

3, the behavior of a DISCO will be much morerisk aversethan the behavior of a GENCO.

Utility function for a=0.0005 and b=1000
T T T T T
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Figure 5: Plot of utilit y function

Using the form of a utilit y function in (1), the next stepis to debnethe conditions under which
a DISCO and a GENCO will be willing to trade a forward cortract. The basicprinciple is that the
expected utilities for both the DISCO and the GENCO from holding a forward cortract must be
greaterthan the correspnding expected utilities of making all transactionsin the spot market. In
practice, the di"erent levelsof market power amongthe DISCOs and the GENCOsin an electricity
market will determinethe relative benebtsof a trade. To capture various degreesof market power,
we usea standard Nash bargaining gameto model the negotiation processbetweenthe DISCO and
the GENCO. In this model, the arbitrator of the negotiationsabout a forward cortract maximizes
the power weighted product of the two utilit y gainsfrom the forward cortract, where the weights

represenm their relative market power. This can be represeted as follows:

MaxqU($ o) # U(S o)l TU(S 1) # U(S )]

subject to the participation constraints (the individual rationality conditions that both Prmsmust
benebt),
U@ ) > U($ o)

2The values for a and b are derived from the prices of swap cortracts traded in NYMEx. We will presen the
details in another researd paper.
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U($ gl) > U($ gO)

where U is the expected utilit y function, and %& [0, 1] represets the DISCOOselative market
power, and U($ 41), U($ 41) are the DISCOOsnd the GENCOOsxpected utilit y with cortract %,
and U($ 40), U($ ) are the DISCOOsnd the GENCOO=xpected utilit y in the spot market. In

our analysis,we assumethat the GENCO and the DISCO have equal market power, so %= 0.5.

2.3 Specifications of the Contract Portfolio

Basedon the discussionin Section 2.1, the represetative DISCO holds a corntract portfolio that
consistsof a bxed price/bPxed quartity cortract for baseload and a two-part cortract for peaking
load. Denote the Pxedcortract as (Qp, Py), WwhereQy, is the cortract quartit y(MW), and Py, is the
cortract price($/MWh). Denotethe two-part cortract as(Qp, Lp, Pp). Qp is the maximum quartity
that the DISCO can purchasefrom the GENCO for ead delivery hour(MW). Initially , Q is setto
be equalto the DISCOOsnaximum peakload D yax, i.€., Qp = Dmax. Lp is the Pxedchargefor Q,.
P, is a vector of variable priceswhen a purchaseoccurs ($/MWh). Let V; denotethe variable price
for i peakunit, then Py = {V1,Vy, ..., V..., }. TO be consisten with the staded supply curve, the
elemerns of P, hasto satisfy the following condition, V1 $ V. $,....$ Vb,.. $ Pcap, WherePeyp is
the price cap in the market. If Vi = Pcyp, it is equivalert to not holding a cortract becausethe
market provides an automatic call option with the strike price equalto Pc,,. Qp corresmpndsto the
highestload with Vi < Pcap.

Further assumethat the quartity and price for the bxedcortract is known when the two-part
cortract is signed,and the quartity in the corntract exactly coversthe baseload. Sothe following
discussionwill focuson the trading betweenthe DISCO and the peaking GENCO (denoted asthe
GENCO in the following discussion).An additional restriction is that the capacity purchasedfrom
the two-part cortract canonly be usedto meetthe DISCOOswn load, and cannot be soldto other
DISCOs. The reasonfor this restriction is that it ensureghat there is equilibrium betweendemand
and supply in the market.

Let oy, ¢, and g5 denote the real-time purchasefrom the bxed cortract, the two-part cortract
and the spot market, respectively. It follows from the assumptionsthat the DISCOOpeaking load
isD=0g+ 6 S Qandg = Q.

For the represemative GENCO, the true marginal cost for it" unit isMC = m+ n!i. The
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GENCO receiwesthe pbxedchargelL, from the DISCO, and is alsopaid for g, units at the variable
price {Vi, V2, ..., Vg } in real time wheneer a purchaseoccurs. However, the GENCO hasto pay
a standhby cost $s/M W for being available to the DISCO in the two-part cortract. The GENCO
cansellany excesapacity to the spot market, but this quartit y cannot exceedgs to be consisten
with a market equilibrium.

The notation of the cortract are summarizedbelow:

Contract Notation:

¥ Qp N Contract quartity for the bxedprice/Pxed quartity cortract.
¥ P, N Contract price for the bxedprice/Pxed quartity cortract.
¥Qp N Contract quartity in the two-part cortract.

¥ P, N Variable price in the two-part cortract. P, = {Vy, Vs, ..., Vo, }, WhereV is the variable

price for i peak unit.
¥ L, N Fixed Chargein the two-part cortract.

General Notation:

¥ C N DISCOOsixed Cost paid for maintaining the distribution system.

¥ s N GENCOOsStandhy Cost for being available in the two-part cortract.

¥ R N RegulatedPrice for the DISCO.

¥ MC(i) N GENCOOsnarginal costfor i" unit, debPnedasM C(i) = m+ n! i.

¥ D N Peakingload. It is a random variable with probability density function f (i). D will

take values(1, 2, ..., 1, ...Dmax ), WhereD o is the maximum peakingload.

¥ P N Spot price. It is arandom variable with the conditional probability distribution function

&pp(pli). MC < P < Pgyp, Where Py, is the price cap.

PreassignedRelations:

¥ Q=6
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¥Qp$ Dmax
¥D=0g+ G
¥ 0= 0.5

In this cortract portfolio, the unknown variables are Vi, V...., Vo, and L,, and the following
equilibrium framework is usedto solve theseunknowns.

Objective Function:

max [Ug # Ugo)]"[Ug # Ugol" ¥, (2)
Vi,..., VprLp
subject to,
Ud1 > Ugo
Ugl > UgO
Vi$ Vol .8 Vo, $ Peyp
where, .
I#nax . I Pcap . . $
U = fo(i) e U(& [i, p)&pp (Pli)dp 3)
i=1 I

Notion @ Ostandsfor d1,d0, gl or g0. The integral in (3) standsfor the expected utilit y given a
peakingload i. The summation determinesthe expected utilit y for all the load levels.

The following expressionglescribe the probt function for the DISCO and the GENCO.

¥ Ugp N DISCOOsxpected utilit y with only a bxed delivery cortract, debnedin (3), with
conditional probpt:

In (4), (Qu+i)! R isthe DISCOOseverue, P,! Qy, is the costof the bxedprice/bxed quartit y

cortract, ip is the cost of purchasing peaking load in the spot market, and C is the cost of

maintaining the distribution system.
¥ Upp N DISCOO®xpected utilit y with two cortracts, debnedin (3), with conditional probt:

#i
&1 = (Qp+ i)! R# Py! Qp# Min(p, Vi) # Q! Lp# C 5)
k=1
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(5) hasthe samestructure as(4), exceptthat the DISCO hasto pay (Q,! L) for the peaking
corntract. In return, the DISCO can chooseto purchasepeaking load either from the spot

: . . %, :
market or from the two-part cortract, sothe variable costof peakingloadis _, Min(p, V).

¥ Uy N GENCOOsxpected utilit y without any cortracts, debnedin (3), with conditional
probt:
#i
&o=  (p# MC(K)" (6)

k=1
Without any cortracts, the GENCO sellspower up to i in the spot market, and earns(p #
M C(k))* perunit, wherel$ k $ i. In the simulation, the spot price for peakingload k is

newer lessthan the marginal cost M C(k).

¥ Uy N GENCOOsxpected utilit y with two-part cortracts, debnedin (3), with conditional
probt:
#i #i
&1 = (p# MC(K)" + Qp! Lp# (P# Vi)™ # s! Qp (7)
k=1 k=1
With a two-part cortract, in addition to the original probt, the GENCO will earnQ, ! L,
% .
from the two-part cortract. In return, the GENCO pays badk 0:(:1 (p# V)" to the DISCO.

Also, the GENCO hasto pay a standby costs! Q,.

The above discussionis basedon the hourly probt. In our corntext, both the GENCO and the
DISCO are more concernedabout the probt for the whole summer season. The extensionfrom
the hourly-basedprobt function to summer-basedorobt is straightforward. Since closeforms for
the probability distributions of loads and prices are not available, we use simulation to solve the
optimization problem stated in (2).

(2) is a highly constrainedoptimization problem. In orderto obtain a global maxima, Simulated
Annealing, a heuristic optimization method, is usedto solwe this problem (Kirkpatric k et al., 1983).
Simulated annealingis a technique usedto Pnd a global optimum by trying random variations of
the current solution. A lower value of the objective is acceptedasthe new solution with a speciped
probability that decreasesisthe computation proceeds.The origin of the brst simulated annealing
is generallyrecognizedasa Monte Carlo importance-samplingtechnique for doing large-dimensional
path integrals arising in statistical physics. The procedurescan be descriked as follows: from the

current state, pick a random successostate. If it hasa higher value than the current state, then
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acceptthe transition and usethe successostate asthe current state. Otherwise,do not give up, but
acceptthe transition with a given probability. The acceptanceprobability is big at initial stages,
and goesto zeroewertually. In this way, the algorithm can escag local maxima, and move towards

the global maximum.

3 Investment Decisions and Policy Analysis

3.1 The Risk of An Investment

The primary objective of this sub-sectionis to determine the probt requiremen for investing in
new peaking capacity (a gasturbine generator) by Prst deriving the mortgage formula, and then
deriving the required probt for an investmert in a risky project.

Assumethat the probt per yearfrom an investmert is M, the project life is T years,the interest
rate is r, the total investmen is |, and the probt is realizedat the end of ead year. Under the no
arbitrage assumption,the preser value of probts must equalthe cost of the investmen |. With a

oneyear delay for construction, the following relationship betweenl and M holds:

M@L+r)2+M@+r) 3+ ..+ M@+r) 71
ML+ )T # 1]
r(l+ r)T+1

(8)

and
Ir(1+r)™
g lr@sn

T @Q+n)T#1 ©)
For the simulation presened in Section3.3, the specibedvalue of M is $859K W per year. If the

project life is 20 yearsand the interest rate is 10%per year, the correspnding cost, | , using (8) is:

85[(1+ 10%)°# 1]
| = = KW
10%(1+ 10%)y*! $658

A secondissueconcernshow an investmert is Pnanced.If 50%of the costis coveredby a 5-year
loan (debt/equity = 1) and this debt is paid badck through Pwe annual installments after a delay of

two years,the installment M using (9) is (the interest rate is 10%):
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88 10%' (1+ 10%)y

M =
(1+ 10%p # 1

= $95K W

In (8) and (9), there is no uncertainty about the value of M. Under risk neutrality, M is
equivalent to the expected annual probt, but higher annual probts will be neededif an investoris
risk averse. When an investmert is viable, the weighted sum of the expected annual utilities from
the investmen must be larger than the correspnding weighted sum from putting the samemoney
in abond at the risk-freerate of return. For atypical year,the conditionisu(M) $ E[u($)], where
u is the utilit y function and $ is the stochastic annual probt. In the exampleabove, the equity for
a 1000MW generatoris $658/2 million, and this amourt is equivalert to a certain annual income of
M = $38million/y ear until the end of the project in 21 years. Assumingthat utilit y is discourted

at the risk-free rate, the presen value of utilit y is:

u@Bs8)(1+r) *+ @+r) 2+ ...+ (@A+r)®+ @Q+r)?)=u(38)" 865 (10)

The correspnding presen value for a risky investmert in peaking capacitly is:

E[u® # 95)(1+ 1) 2+ ...+ u(® # 95)(1+r) ®+
u@)@ +r) "+ ...+ u@®@ +r) Y
= E[u($ # 95)]' 3.45+ E[u($)] ' 4.29 (11)

Since (11) hasto be greater than or equalto (10), the value $* that makes (11)=(10) is the
minimum expected probt requiremen for investing in new peaking capacity. Using the utility
function described in Section2.2, the minimum expected probtsis $# = $90 KW/y ear. The extra
$5 KW/y earneededo makethe investmer viable correspndsto the costsof delay for construction
and to paying 0" the bond in Pwe years. The net probt for the brst bwve yearsof the project is -$5

million/y ear, and then increasego $90million/Y ear for the remaining 15 yearsof the project.

855" 10%" (1+10% )** _ 38
@+10% )T#1  ~ O

3Using (9) again, M =
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3.2 Specifications of the Simulation Model

The relationship between temperature and the demand (load) for electricity is well understood
(Ramanathan et al., 1997;Bunn, 1999and 2000). Using relatively simple forms of ARMA models
(Box and Jenkins, 1976),it is possibleto predict the daily maximum load with a 1-2% forecasting
error using temperature as an input variable (Ning, 2001). The daily temperature can also be
represeted by a GuassianARMA model with an annual cycle (Yoo, 2004). The relation between
load and price is more complicated,and an innovation of previousresearts wasto predict the daily
price of electricity (averagefor the sixteen-hour peak) using a stochastic regime switching model
(Hamilton, 1994; Ethier and Mount, 1999; Mount, Cai and Ning, 2004). One regime has a low
averageprice with a small variance and the other has a high averageprice with a large variance.
This paper usesa simpler form of regime switching model for the price that is easierto modify for
policy analysis.

The simulation model usesdata for New York City becausethis is a region that may face a
shortageof generatingcapacity in the relatively near future. The estimation results for all of the
regressionrmodels are given in appendices.

The averageon-peak temperature (from 7:00am-23:00pm¥or New York City is modelled as,
Te= et 'y (12)

where |, is the mean of the temperature T; and ' is a residual. The mean and variance follow

annual cycles:

Mt = To+ ! 1Sin($t) + ! 200i$t) (13)
log(({) = "o+ "1sin($t) + "2c0q$t) + ) (14)
(= A (15)

1# #L # #,L2# #,L3
where'¢ ( N(0,(3), )t ( N(O,(&), *t ( N(0,(2), $ = 2& 365,and L is a lag operator dePnedas
LY = Y i.

The model is estimatedin three stages.First, T; is regressedn an annual cycleto estimate (12).
Second,the computed residuals, §, are usedto estimate (14) with & replacing (2, and third, the

weighted computedresiduals,d/ ¢;, are usedto estimate (15). The estimation results are presened
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in Table Al.
The averagepeak-loadin New York City (zoneJ) is modelled by the following ARIMA model:

Dt = MU+ ! om; + ! 1tuy + ! oW + ! 3tht + | 4h0|idayt + | str endt + | Gqu

+ 1 7hdd[ + | 8Sin1t + | gcoS; + ! 103in2t + 1 1109 + ! 123in3t +
1# %L ,
(L# #L # #,L2# #aLO) (L # #aL7) |

| 13COSy + (16)

where'; ( N(0,(%) . The dePnition of the variables are summarizedin the Table A2 and the
estimation results are presened at Table A3.

A bilinear model is usedto descrike the relation betweenthe averageon-peak prices and the
averageon-peakloadsfor the summer. Data for the summers2001and 2002are usedfor the estima-
tion (Data for 2003are excludedfrom our sampledueto the well-known blackout in August). When
the load is belov 800M W, spot prices are relatively stable. When the load is above 800(M W,
price spikesoccur frequertly. Therefore,the pricesaredivided into alow-priceregime< $85 MWh)
and a high-price regime. All the prices for loads belov 8000M W belongto the low-price regime.
When loads are above 800(M W, pricescan belongto either the low-price regimeor the high-price
regime. The probability of being in the high-price regime could be estimated directly by the ob-
sened proportion of high pricesin the sample, but this probability is specibpedin the simulation.

The following two regressiongepresen the relation betweenload and price:

log(Prt) = ! o+ ! 1log(load) + ' (17)

log(Pi) = "o+ "1log(load) + " (log(load))® + ) (18)

Where P, and Py, are the averageon-peak pricesin the high-price regime and the low-price
regime,respectively, '+ ( N(0,(%) and ), ( N(O, (2. The estimation resultsare presered in Table
A4. The estimatesof (18) shaws that the relation betweenprice and load in the low-price regime
is appraximately linear.

The models (12)-(18) make it possibleto predict the daily temperatures,loadsand spot prices
for New York City during a summer. The basicsourceof risk in the market is whether the summer

is hotter or cooler than normal. One thousandrealizationsof summertemperatureswere computed
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Table 1: Parameter Specibcationsfor the Simulation
Date Coverageby simulation Summer Peak Hour s: 16 hour s/da y! 22 days/mon th! 3 mon ths/summer

Load ¥ Mo delled by a ARIMA  process, wit h temp eratures as one input variable
¥ Restrict ed to be alw ays greater than 5000MW
log (Pt) = 121.88 " 28.3llog (load ) + 1.69( log (load ‘))2 + "¢, if D < 8000 MW;
# log (Pt) = #[121.88 " 28.31log (load {) + 1.69(log (load {))? + "]
+( 1" #)[" 42.29 + 5.21log (load ) + $t], if D >= 8000 MW;
Spot Prices (P) wher g "t # N (0, 0.042), $ # N (0,0.082) and

1, wit h probablit y 0.5;

#= 0, wit h probablit y 0.5.

prices are restrict ed to be alw ays above mar ginal cost

¥ Alw ays face 5% of the syst em load
D|SCO ¥ Paid at a regulat ed rate $120/M W h, pay $60/ MW/Hour ~ mult iplied by average load

for all other costs

¥ Mar ginal cost is const ant when stacked capacit y is less than 5000MW. Linear ot her wise
¥ Equal to $5/MWh when stacked capacit y equal to 5000MW

GENCO

¥ Equal to $90/MWh  when stacked capacit y equal to 10000MW

¥ Standb y cost $2/MW/da vy

Utilit y Function u(w) = (1" ab)w + b(1" exp (" aw)), wher e a=0.0005 and b=1000.

using Gaussianresiduals,and thesetemperatureswere then usedto predict the load and the spot
price. When the predicted load is greaterthan 8000MW, the probability of beingin the high-price
regimesis specibedto be 50%. This is roughly twice as high as the obsened proportion of high
prices. A larger value wasusedto illustrate more e"ectively how price spikesmake the market more
risky for buyersthan for sellers.

The bnal part of the simulation specibeghe earningsof a DISCO and a peaking GENCO. The
load of the DISCO is equal to 5% of the total systemload. Customerspay a regulated rate of
$120/MWh, and the DISCO hasto cover a bxedcostof $60/MW times the averageload (385MW),
represeting distribution costs.

The costsfacedby the GENCO have a simple structure to accommalate the analysisof forward
corntracts. The marginal cost of production is specibPedas a Pxedlinear function of the load. This
is equivalert to holding forward cortracts for all inputs and having a quadratic costfunction. The
marginal cost at the averageload (7700MW) is $51/MWh, and the marginal cost increasesby
$17/MWh for every 1000MW of additional load. The valuesof the marginal cost were specibedto
be below the predicted prices (to be consistetn with economiclogic), and the constrairt that price
is greater than marginal costis imposedfor all loads. In addition, predicted loads are constrained
to be greaterthan 5000MW, but relatively few obsenations violated theseconstrairts. All of the

simulation specibcationsare summarizedin Table 1.
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3.3 Simulation Results

The simulation model descriked in Section 3.2 provides a framework for evaluating the pPnancial
risk facedby a DISCO and a GENCO. Sincethe focus of this sub-sectionis on peaking capacity, it
is assumedhat the DISCO holds a bPxedprice/bPxed quartity cortract with a baseload GENCO to
cover the minimum load of 250MW at a price of $68/MWh, equalto the averagedaily spot price
(unweighted, on-peak). The objective of this sub-sectionis to determine the optimum cortract
for the peakingload above 250MW betweenthe DISCO and a peaking GENCO using the trading
framework specibedn (2). The DISCO is assumedo be oneof 20idertical buyersin the market, and
for simplicity, the GENCO is oneof 20identical sellers.In addition, there are an unspecibedchumber
of baseload GENCOs supplying 250' 20= 500(0M W of baseload through forward cortracts. A
Pnal simplibcation is to assumethat all of the earningsin the summerfor both the DISCO and
the peaking GENCO accrueduring the on-peak hours, correspnding to a 16-hour contract for 66
weekdys.

If the DISCO makesall purchasesin the spot market, the averageprice is $71/MWh (weighted
by load). The averageprice (unweighted) for baseload is $68MWh, and the average price for
peaking load is $77/MWh (see Table 3). Paying these prices implies that the DISCO makes a
loss of $11/MWh on averagefor the summer months. The reverue is determined by the bxed
regulated rate ($120/MWh), and the averagecostsare $60/MWh for distribution and $71/MWh
for electricity. Sincecustomersalways pay the sameregulatedrate, this lossin the summerwould
be coveredin other seasonsvhen the averageprice of purchasingelectricity is lower.

Figure 6 plots the optimal variable prices for the two-part cortract. The lower line is the
GENCOOsmarginal cost curve, and the line above is the optimal variable price in the two-part
cortract determined by the trading optimization. Sincethe price cap is $1000 MWh, the DISCO
and the GENCO do not benebtby cortracting the last 50 MW. Sothe overall cortract quartity in
the two-part cortract is 250M W. The optimal cortracts are shavn in Table 2. The total cortract
quartity is 250+ 250= 500MW, which is much higherthan the averageload (385 20= 7700MW) of
the DISCO and correspndsto the 99" percerile of the load. Howewer, the total cortract quartity
is still lower than the maximum load (550MW). The lump sum paymernt in the two-part cortract
is $18/KWl/y ear, which is equivalert to $17/MW/hour in the summer. The cortract quartity is

sensitive to the standby cost, and a higher standby costwill reducethe optimal cortract quartity.
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Figure 6: Optimal Variable Pricesfor Two-Part Contracts: Normal Case

Table 2: Summary of the Optimal Forward Contracts

Fixed Delivery Contract | Peaking Two-part Contract
Contract Quarntit y(MW) 250 250
Lump-sum ($/KW/y ear) 0 18

Table 3: The Costsof Purchasesby a DISCO

Spot Market | Two Mark et contracts
AverageReverue 60 60
(Regulated Rate-Other Costs) (120-60) (120-60)

AveragePrice Paid for All Load 71 76
($/MWh)

For Baseload 68 68

For Peaking 77 89

AverageProbt ($/MWh) -11 -16
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Figure 7: DISCOOwtilit y Levels With and Without the Two Cortracts

With atwo-part cortract, the averageprice paid for peakingload by the DISCO is $89/MWh (see
Table 3), which is 16%higher than the correspnding averageprice in the spot market ($77/MWh).
This di"erence represeis the premium paid by the DISCO to lower risk. Figure 7 plots the distri-
butions of the utilit y of the earningsfor the DISCO during the summerwith and without cortracts.
The upper plot correspndsto no cortracts, the middle plot to holding one bxedprice/pxed quan-
tity contract and the bottom plot to holding two contracts (one bxedprice/Pxed quartity cortract
and one two-part cortract). It is obvious that the DISCOOsjuarterly utilit y level is skewed to the
left with no cortracts. With a bxed price/bPxed quartity cortract, utilit y is still skewed but the
chanceof big losseds much less. With two cortracts, utilit y is almost symmetric and the variability

is relatively small, but the meanvalue is lower.

3.4 Investment Incentives

When a peaking GENCO holds a two-part cortract, the annual probt is only $23/KW/y ear (see
Table 4), which is lessthan 30% of the level neededto justify an investmert in new generating
capacity ($90/KW/y ear, derived in Section 3.1). In order to provide a sulcient incertive for
an investor to build new peaking capacity, additional incertives are needed. For the investmen
analysis, the new peaking capacity has a production cost (or marginal cost) of $60/MWh. This
production cost is chosento be consisten with the specibcationsusedin the current regulatory
debateabout investmer incertivesin New York (Reeder,2002). The capital costof $85/KW/y ear,

usedin Section 3.1, is also consisteh with these specibcationsand with the minimum probt of

26



$90/KW/y ear usedin our analysis.

The next stepin the analysisis to evaluate three alternative proceduresfor providing the incen-
tivesneededto make an investmert in peaking capacity viable. The Prstis to require the DISCO
to sign a direct cortract with an investor to build a new generator. This implies that a premium
of $67/KWl/y ear (90-23) above the two-part cortract must be paid to the investors. The other
two proceduresinvolve changingthe market pricesto give the OrighOsignalsto potertial investors.
One procedure,that has beenadoptedin New York, is to increasepaymens in the Installed Ca-
pacity (ICAP) auction to cover the annual capital cost of peaking capacity whene\er the projected
installed capacity falls below the reliability standard. Using this procedure,all installed capacity is
paid the premium of $67/KW/y ear in the ICAP auction and the spot market is not a"ected. The
other procedure,that is equivalert to conditionsin the Australian market, is to allow higher prices
in the spot market. In Australia, the price cap is set to the Value of Lost Load (VoLL) and is
equalto $10000MWh. In our analysis, high price spikes (HSP) occur one day ewery ten summers
on average. Theseadditional price spikesare assumedto follow a normal distribution with mean
$5000/MWh and standard deviation $1500/MWh, capped at $10000M Wh. At the sametime,
the meanprice in the low-price regimeis loweredto make the arithmetic averageprice in the HSP
casethe sameasit is the basecase( the load weighted averagepriceswill be higher than the base
case). This makesthe spot market morerisky for the DISCO, but it alsoprovideshigherinvestmert
incertivesfor a GENCO. *

Table 4 lists the investors@nnual probt, the DISCOOsverageprice and the terms of the optimal
cortract under the two di"erent specibcationsof the price spikes. Even though the arithmetic
averageprice is the samewith HSP, the averageprices paid by the DISCO increasesubstartially
in both the spot market and with two market corntracts (becauseload and price are positively

correlated). An important implication of HSP is that the annual probt for the GENCO must be

4The price cap in Australia was increasedfrom $5,000to $10,000/MWh in April 2002. In 2000, the ACCC
(Australian Competition and Consumer Commission) releaseda bPnal determination on electricity price capsin an
amendmeri to the National Electricity Code for the National Electricity Market. Pricesin the wholesalespot market
normally vary between $30/MWh and $60/MWh, but can rise to $5,000/MWh, the current price cap. Prices near
$5,000/MWh occur infrequently and are often due to peak demand on hot summer days or unanticipated plant
failures in generatorsor transmission networks. The National Electricity Code Administrator proposedto increase
the level of the price capin two stagesto $20,000/MWh. It arguedthat the higher price cap would encouragemore
investmen in peaking generatorsand lessdemandfor electricity at times of capacity shortage,thusleadingto greater
reliability. In spite of the higher price cap, averagespot prices have fallen. This is the underlying rational for our
HSP assumptions.
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Table 4: Pricesand Probts with High Spot Prices

Base Case | High Spot Prices
mean price spike($/Mwh) 90 5000
InvestorOsinnual probt ($/KW/y ear)
spot market 14 21
two market contracts 23 93
Averageprice paid by DISCO ($/MWHh)
spot market 71 85
two market cortracts 76 123
Optimal two-part peaking contract
quartit y(MW) 250 300
lump-sum($/KW/Y ear) 18 81

1000

T T
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Figure 8: Optimal Variable Pricesfor Two-Part Contracts: High Spot Prices Case

above the minimum level of $90/KW/y ear required by investorsfor new capacity to compensate
for higherrisk . The optimal variable pricesin a two-part cortract with HSP are plotted in Figure
8. Under HSP, the variable pricesare lower than that in the basecase,but the contract coversthe
maximum load.

Table 5 lists the GENCOOsannual probt for di"erent market specibcations. With a direct
cortract, the DISCO is requiredto provide an additional lump-sumto the investor. This additional
payment is (90-23)=$67/KW/y ear. Relying on the spot market for peaking load, HSP gives an
annual probt of $21/KW/y ear, but this is still not high enoughto meet the investorOsequired
annual probt. Howewer, with two market cortracts, HSP meets the probt requiremen of the
investor ($90/KW/Y ear) becausethe DISCO is willing to pay a large premium to reducerisk.

Table 6 summarizesthe averageprices paid by the DISCO for di"erent market specibcations.
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Table 5: GENCOOsAnnual Probt for New Peaking Capacity ($/KW/y ear)

Scenario BaseCase High Spot Prices
$90/MWh +$5000/MWh
Mean Price Splke Price Spik e: 50% chance One day in ten years
if load > 8000MW
Spot Market 14 21
Two Market Contracts 23 93
Two Market Contracts 90 -
with Investmen
Additional Premium 67 -
above Two Market Contracts (90-23)

Table 6: AveragePricesPaid by a DISCO Under High Spot Prices

AveragePrice
without Contracts

AveragePrice with
Two Market Contracts

AveragePrice Increase

($/MWh) ($/MWh) ($/MWh)
BaseCase 71 76 -
High Spot Prices 85 123 123-76=47

From Table 6, the averageprice paid by the DISCO with two market cortracts in the Base Case
(low price spikes)is $5/MWh higherthan it is with no cortracts ($76/MW comparedto $71/MW).
Using HSP, the averageprice with two market cortracts is $38/MWh higher($123/MW compared
to $85/MW ), and the averageprice paid by the DISCO with two market cortracts is over oneand
a half time as high asit is in the basecase($123/MWh versus$76/MWh). The price hasto be
increasedby $47/MWh neededto Ocorrect@he spot price in the basecase.

The Pnal step in the analysisis to ewaluate the three alternative proceduresby comparing
the additional cost of adding 1GW of new peaking capacity to the total installed capacity. This
is done by scaling the results presenied in Tables 5-6 to 1000MW, and the choice of 1000MW
represeits the extra capacity neededfor systemadequacyto meetreliability standards. The results
are summarizedin Table 7. With a direct cortract for the investmen, the DISCOs must pay
a premium of $67/KW/y ear=$67000/MW/y ear (Table 5) for the 1000MW of new capacity. The
characteristicsof the spot market are not a"ected in the short run and the total costis 1000 67000
= $67 million/y ear.

Usingthe ICAP auctionto cover the additional investmen premium of $67000/MW/y earimplies
that this paymert is made to all installed capacity as well as to new peaking capacity (system

adequacyis debPnedas 12000MW=120%of the maximum load). Sincethe new peaking capacity is
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Table 7: Additional Cost of Adding 1GW of New Peaking Capacity ( $million/y ear)

Annual Premium Cost for Installed | Additional Cost | Total Additional Cost
Above Market Contracts | Capacity in ICAP | for All DISCOs
for 1 GW New Capacity Auction
1) (2) 3) (1)+(2)+(3)

Direct Investmert Contract

67 \ 0 \ 0 \ 67
High ICAP payments (11GW Installed Capacity)
67 \ 737 \ 0 \ 804
High Spot Prices(7.7GW Load)
0 \ 0 \ 382 \ 382

only neededduring the summermonths, the ICAP auction must provide this paymen for availability
in the summer. The spot market is not a"ected in the short run and the total costis 12000 67000
= $804million/y ear.

Allowing higher price spikesin HSP implies that the spot market is riskier for the DISCOs and
the pricesof forward cortracts for peakingload are much higher. This increasein the averageprice
is paid by all DISCOs for all on-peakload in the summer. Using HSP, the averageprice with two
market cortracts increasedy $47/MWh (Table 6), and this increaseis paid for the averageon-peak
load of 7700MW for 16" 66 hours. The total costis 7700' 47' 16' 66= $382million/y ear.

The overall conclusionfrom the resultsin Table 7 is that direct cortracting is by far the least
expensive way to ensurethat generationadequacyis su'cient to meetreliability standards. Trying
to correct market prices by making higher paymens in the ICAP auction or by allowing higher
price spikesincreaseghe coststo the DISCOs by a factor of 12 and 5, respectively. Furthermore,
paying most of these higher coststo the owners of installed capacity provides no guarartee that
any new capacity will be built. In corntrast, a direct cortract is much lessexpensiwe, and the terms

of the cortract ensurethat the neededcapacity will be built in an appropriate location.

3.5 Average Cost and Average Price Curve

Under the current market design,the total cost of peaking units with low capacity factors cannot
be recovered from the spot market. This argumert can be supported by comparing the long-run
average cost curve and averageprice curve for di"erent capacity factors. The long-run average
cost, the sum of the operating cost and the capital cost, is dePnedas the cost per operating hour

for a peaking unit. For example,a peaking unit with marginal cost $100/MWh and capital cost
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$72000/MW/y ear that only operatesten days (240 hours) in the year has a long-run averagecost
of $100/MWh+$72000/240=$400/MWHh.
In orderto calculatethe long-run averagecost, we madethe following assumptionsabout annual

capital cost and capacity factor.

1. For a plant with a low variable cost equalto $15/MWh, the annual capital costis $155/KW,
and the capital costis recoveredin THREE quarters. This plant is usedif load > 5600MW.

2. For a plant with a high variable cost equalto $60/MWh, the annual capital costis $85/KW,

and the capital costis recoveredin ONE quarter. This plant is usedif load >8240MW.

3. The variable costsand annual capital costs of other plants are linear functions of the load
(position in the stad of installed capacity) from 5000MW to 10000MW, basedon the values

for the high costand low cost plants above.

4. The capital cost recovered in the summeris a piecewiselinear function of the load. For
plants with annual capital costs> $155/KW (< $85/KW), 33%(100%)of the annual capital
costis recoveredin the summer. For plants with annual capital costsbetween$85/KW and
$155/KW, the perceriagerecoveredis a linear interpolation of the load from 5600MW (33%)
to 8240MW (100%).

5. The meanof the summerloadis 7700MW and the standard deviation is 1100MW (a lognormal
density is usedto simulate load with (load - 5000MW) as the origin).

The averagecost curve can be derived by the following formula,

Annual Capital Cost' SharesRecoreredin the Summer

AverageCost = .
ge SummerCapacity Factor’ Total SummerHours

The averageprice curve can be derived from the following formula,

%0 . .
AveragePrice(D) = ia/gD(l# CDF()E (pli)
=5 (1# CDF(i))

(19)

&

where CDF is the cumulative distribution function for load, i.e., CDF (i) = (;fD(x)dx. And
&

E (pli) is the expected price given load level i, i.e., E(p|i) = g{f)" &pp (Pli)dp, where &pp (Pli) is

the conditional probability density function depPnedin Section2.3.
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Figure 9: Simulated AverageCost and AveragePrice Curve

The averagecost curve and averageprice curve are plotted in Figure 9. The horizontal axis
denotesthe summer capacity factor for eat point of the staded supply curve. For example,
60%(7000MW) meansthat a generatingunit located at 7000MW on the staced supply curve has
a summer capacity factor of 60%. The vertical axis denotesthe logarithm of average price or
averagecost. Figure 9 showsthat peakingunits with positions on the staded supply curve below
71200MW can recover the total generatingcostin the spot market. Howewer, for peaking units
with low capacity factors ($ 55%), the probt from the spot market is not high enoughto recover
the total averagecost.

Under the HSP case,the averageprice curve is rotated and becomessteeper, and the shape is
closerto the total averagecostcurve. This alsomakesthe spot market more risky for the DISCOs,
and consequetly, they are willing to pay a higher risk premium. Hence,the capital cost of a new
peakingunit (with low capacity factor) is recoveredby conbining the higher risk premium with the

higher averagespot price.

4 Summary and Conclusions

There are a number of characteristics of electricity markets that make it dilcult to usestandard
economiamodelsto link forward pricesto spot prices. Thesearediscussedn Sectionl. Newertheless,
understandingthe behavior of the forward prices of electricity is essetial for analyzinginvestmern

decisions.Relatively long-term forward cortracts will be neededby any investorto securePnancing
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and commit to building new generationcapacity. Unfortunately, the inherert risk of price spikes
in deregulated markets and the dilcult y of diversifying this risk make risk premiums high and
dilcult to predict. Section2.1 explainsthe basicasymmetry of the relatively small risk faced by
a generator (GENCO) and the relatively large risk facedby a buyer that hasa mandate to meet
load at a regulatedrate(DISCO).

The brst objective of the paper is to dewelop a more general framework for evaluating the
Pnancialrisk in an electricity market. This framework is developed in Section 2.2 and it usesa
Linex utilit y function that exhibits strong aversionto Pnancial losses. This function represets
an important improvemert over other standard models. The new framework is usedto derive the
conditions for an optimum forward trade betweena GENCO and a DISCO. The properties of a
portfolio of a bPxedprice/Pxed quartity corntract for baseload and a two-part cortract for peaking
load are discussedn Section2.3.

The second,and most important, objective of the paper is to ewaluate investmer decisions,
becausethere is growing concernamongindustry and governmert experts about relying on market
forcesto maintain the reliability of the supply system. Systemadequacymay not meetthe necessary
standardsfor reliability in someregions,sut as New York City, if new generationcapacity is not
built soon. Section 3.1 shavs how to determine the minimum level of probt neededto make an
investmer Pnancially viable in a risky market.

The analytical framework is applied to data for the New York City regionin Sections3.2 and
3.3. The results shav that probts from the spot market are far too low for a GENCO to investin
new peaking capacity. This is true even though the averageprice paid by a DISCO in a forward
contracts is substartially higher than the averagespot price. This result should be disturbing for
peopleconcernedabout systemreliability becausehe simulation assumeshat spot pricesare higher
and price spikesoccur more frequertly than they actually do in the New York market.

The analysisin Section 3.4 considersthree di"erent proceduresfor increasingthe incertives
neededto initiate an investmer in new peakingcapacity. The brst procedurerequiresthe DISCOs
to include a direct cortract for new capacity in their portfolio of forward cortracts. The second
augmerns paymerns in a capacity auction (ICAP) to cover the capital costof peakingcapacity. The
third allows price spikesto be higherin the spot market. Section3.5 comparethe long-run average

cost curve and averageprice curve. The results shov that peak units with low capacity factors
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cannot recover their total costfrom the spot market.

Direct Contracts are much lessexpensiwe than the other two procedures. A premium is paid
for eady MW of new capacity, and the cortract specibPeghat new capacity will be built. The other
two proceduresare much more expensivwe becausein one casehigher capacily paymers are paid
to all installed capacity, and in the other case,higher spot prices are paid for all on-peak load.
In addition, there is no guarartee with either of theselatter two proceduresthat any of the extra
money paid to generatorswill be usedto build new peaking capacity. In spite of the high cost
of thesetwo procedures,it is still not possibleto rely on market forcesto maintain the required
standard of systemadequacy A cortract to build the new capacity is the bestway to ensurethat
systemreliability will be maintained in the future aslong as regulators cortinue to suppressprice
spikes.

This conclusion should be challenging for regulators and system operators. It implies that
they must be very preciseabout projected shortagesof capacity that threaten systemreliability.
It would be easyto slide into the samesituation that occurred under regulation and require too
much installed capacity. The starting point should be to announcethat shortagesof capacity are
projectedin the future. This would be similar to the traditional role played by NERC in providing
a clearinghousefor information about newinvestmen, retiremens and load growth. The next step
is moredilcult. If a projected shortageof capacity becomesmminent, someform of intervertion
is required. Although our resultsimply that direct cortracting for new capacity is an e"ective and
relatively low costprocedure,there are many di"erent ways to implemert the investmen cortracts.
Newertheless,we beliewe that this approad to meeting reliability standardsis much better than
trying to modify pricesin the market and putting the responsibility for maintaining reliability on
Load Serving Entities (LSE).

Most researtiersagreethat thereis afundamerntal 3aw in the current designof many deregulated
markets. Most customersstill pay a bPxedrate for electricity, and asaresult, load is not asresponsive
to price asit could or should be. The results of our analysisin Section3.5 show very clearly how
expensive peaking capacity can be. With high price spikes, the averageprice paid by a DISCO
in forward cortracts to cover the cost of new capacity is well over the regulated rate paid by
customers. Passingon thesehigh coststo someor all customersthrough critical peak pricing, for

example,would result in a major improvemernt in the economice!ciency of the market.
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In fairnessto the Australian market, it should be pointed out that allowing high price spikes
to occur may lead to lower averagepricesin the long run. This was not the casein our analysis
becausat dealt with short-run e"ects only, but it is an interesting topic for future researtr. There
is no doubt that high price spikesdo catch the attention of generators,LSEsand potential investors.
The real questionis whether this will leadto an acceptablelevel of investmen and enoughcapacity
in the right locationsto meetreliability standards. Howewer, it is unlikely that the increasedprice
volatilit y neededto attract new investorswould be politically acceptablein the USA. Under these
conditions, it is important for regulators to take the full responsibility for maintaining system
reliability. Regulating LSEs to meet a dubious rule-of-Thumb standard, such as contracting for
load plus a resene margin in an ICAP market, is unlikely to guarartee systemreliability. When
investmert opportunities in transmissionaswell asgeneratingare consideredit is clearthat trying
to OcorrectGnarket prices for real energyis a very unreliable way to ensurestandards of system

reliability and economicelciency .
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APPENDIX

Table Al: Parameter Estimates: Daily on-peak Mean Temperature for NYC(1982-2003)

RegressionModel | Parameter | Estimate | t ratio
o 56.90 676.21
Mean (13) 1 -8.75 -73.51
[ -20.54 -172.63
) 2.67 106.16
Variance (14) "1 0.25 6.94
"2 0.40 11.29
#1 1.48 26.42
ARMA (15) #7 -0.68 -17.69
#3 0.13 11.84
$ 0.81 14.46

Table A2: Debnition of Variablesfor the Load Model
Variable | DePnition

Lt logarithm of daily on-peak averageload demand at time t

my dummy variable whosevalue is 1 if it is Monday and O otherwise
tut dummy variable whosevalue is 1 if it is Tuesdg and 0 otherwise
Wi dummy variable whosevalue is 1 if it is Wednesdg and O otherwise
thy dummy variable whosevalue is 1 if it is Thursday and 0 otherwise

holiday; | dummy variable whosevalueis 1 if it is Holiday and O otherwise
tr end, time trend

cdd; cooling degreedays, cdd; = max(T; # 65,0)
where T; is the on-peak averagetemperature

hdd; heating degreedays, hdd; = max(65# T, 0)
where T; is the on-peak averagetemperature

Sin 1 annual sine cycle

COS¢ annual cosinecycle

sin semi-anrual sine cycle

COS semi-anrual cosinecycle

sin g weekly sine cycle

COSst weekly cosinecycle
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Table A3: Parameter Estimates: Daily On-peak AveragelLoad (16) for NYC (Jan 2001-Aug2003)

Parameter | Variable | Estimate | t-ratio
#1 Dis1 -0.185 -2.15
#o Dis2 0.575 11.08
#3 Di#3 -0.082 -2.35
#,4 Di#7 0.116 3.44

M mean 8.71 1053.93
o m¢ 0.097 15.13
[ tuy -0.071 -6.69
1y Wt -0.175 -16.45
3 thy -0.139 -21.71
(I holiday; | -0.185 -26.78
lg tr end; 0.00003 | 2.68
e cdd, 0.012 33.78
[ hdd; 0.001 478
lg sin it -0.029 -6.00
lg COSyt -0.034 -6.06
I'10 sin2t 0.042 9.27
(T COSt 0.029 6.57
(P ST 0.043 7.94
113 COSst -0.194 -42.34
$ % 1 -0.862 -10.66

Table A4: Parameter Estimates: Daily on-peak AveragePrice for NYC(Jan, 2001-Dec,2002)

RegressionModel | Parameter | Estimate | t-value
High Regime (17) | ! 1 -42.29 -4.20
(R?2 = 0.64) o 5.21 4.71
Low Regime(18) | "o 121.88 45.28
(R%2 = 0.63) "y -28.31 -2.77
"2 1.69 2.94
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