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In theory, competitive electricity markets can pdev incentives for efficient
investment in generating capacity. We show thediisumers and investors are risk
averse, investment is efficient only if investorgénerating capacity can sign long-
term contracts with consumers. Otherwise the umealveprice risk increases
financing costs, reduces equilibrium investmentlgvdistorts technology choice
towards less capital-intensive generation and reduconsumer utility. We observe
insufficient levels of long-term contracts in exigtmarkets, possibly because retail
companies are not credible counter-parties if tH&ial customers can switch easily.
With a consumer franchise, retailers can sign lé&ign contracts, but this solution
comes at the expense of the idea of retail conpetitAlternative capacity
mechanisms to stimulate investment are discussed.
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1 Introduction

In California, Norway, Sweden, Brazil, New Zealaadd Italy wholesale electricity
prices increased significantly when geneartion c#pabecame scarce. This has
instigated a debate whether liberalized electrinigrkets provide sufficient incentives
for investment in generating capacity to ensuretetity supply at affordable prices.
According to the theory of spot pricing, electiycgpot markets can achieve efficient
outcomes both in the short-term operation and ingd@rm investment decisions
(Caramanis et al., 1982). The (spot) price vasesjlar to spot prices in other markets,
to match demand and supply. However, the variatemesmore frequent and extreme
than in other commodity markets, because storagesl@ftricity is too costly for
commercial application, other than pumped-hydro @ifuttleworth, 1997; Hirst and
Hadley, 1999). Observed shortages of investmergeimerating capacity are generally
attributed to artificial obstacles to the propendtioning of the market mechanism, such
as price caps on spot markets, or permit requiresnand planning approval for new
investment.

It is not uniformly accepted that removing thesstables and regulatory risk will suffice
to guarantee adequate investment (De Vries and ¢¢aek2002, Turvey 2003). Hence
England and Wales, under the pool regime, and Spaina number of South American
systems use capacity payments to stimulate investmegenerating capacity (Vazquez
et al., 2002), while systems on the East Coash@fUSA (PJM, the New York Power
Pool and the New England Power Pool) use capamifyirements (PJM Interconnection,
L.L.C., 2001; Besser et al., 2002). Most Europegtesns, on the other hand, expect the
energy market to provide sufficient incentives iforestment and have not implemented
additional policies.

We start from the premise that a market with appate risk management tools allow
parties to manage uncertainty efficiently and pilesi competitive generating companies
with an incentive to produce an optimal volume eherating capacity. The optimal
equilibrium volume of generating capacity would uig consumers to sign contracts
with generating companies for their expected dl@ttroutput for a number of years in
advance. In the current model of competition betweetail companies, the retail
companies would have to sign these contracts. Hexyélvey cannot carry the price risk
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involved in such contracts, so in turn they woulanivto specify in their contracts with
final customers a termination period of an equamnber of years or a cancellation
payment. However, regulators currently strive fuee the barriers against switching by
final customers in order to increase retail contjpetiand reduce retail margins. If
switching of electricity contracts would take yeams would alternatively involve
switching costs similar to those observed in thinaacing of bank loans, then the
struggle of regulators for retail competition woddd lost. Hence the paradigm of retail
competition is incompatible with long-term contiagtfor electricity®

If the above described reason or other constra@stsict long-term contracting, then the
market cannot implement the first-best solutionisThas three implications. First,

consumer welfare is slightly reduced, because coasticannot hedge electricity price
risk. Secondly, investment in peaking capacity rdyoremunerated in times with

generation scarcity, and hence faces volatile metuinvestors require higher rates of
return, and postpone their investment until theeeigd electricity price is higher. Third

annual price volatility also increases volatility cevenue streams for base load
generation if sales are not covered by long-termtraeats. This increases the required
rate of return, capital costs and hence investoits clioose less capital-intensive
generating technologies, even if this creates higbel costs. A lack of long-term

contracts biases technology choice against eneffigieat technologies and might

further increase costs of providing electricity.

The lack of long-term contracting on behalf of aomers creates additional costs. Green
(2004) shows that the inability of retail companiessign long-term contracts increases
the energy sales volume in the spot market andceglgeneration companies to exercise
more market power and push up equilibrium eledjrigrices. Green suggests reinstating
consumer franchises such that supply companies dastable customer base. The

% Oren (2003) quotes a proposal by Reliant thafilretanpanies sign long-term hedging contracts. The
customer base of individual retail companies ididift to anticipate, hence the indipendent system
operator (ISO) is requested to sign long-term hagigopmpanies as a supplier of last resort andrsath at
any point in time to retail companies at cost-basaiks. This proposal seems attractive for retail
companies, if generating capacity turns out tolaendant, then they buy cheap hedging contracts fhem
market, if it is scarce, then they obtain thesetramts from the 1SO at initial purchasing costse Tnofit-
maximizing strategy for retail companies seemsaadadbdbuy short term. This implies that the 1SO rseted



challenge is to ensure that the supply companigb tie local monopoly granted

through the franchise face sufficient incentive negotiate low contract prices with

generators. Green suggests using yard-stick congoetietween franchises to achieve
this objective. Alternatively one could envisageder auctions for long-term contracts to
ensure low prices, as successfully implementedew Nersey for the supply of residual
residential customers.

Cowan (2002) assesses the effect of the price iNtylavf fuels used to generate
electricity. He also concludes that consumers ast bff if they hedge their price risk
with long-term contracts for their expected demdndaddition, they should be exposed
to marginal prices for any deviations from the estpd demand so that short-term
efficiency is achieved. The authors assume thatswoers either sign direct hedging
contracts in parallel with their electricity cordta or choose between flexible and fixed
tariffs. However, as argued section 4, retail congm exposed to competition cannot
offer fixed retail tariffs corresponding to long4te hedging contracts. We share Cowan’s
perspective on the value of hedging energy prioglsexpand it to implications of long-
term contracts on the investment volume. If conssnee retail companies hold long-
term contracts on behalf of consumers, these rettealconsumers’ expected future
demand to the generating companies and reduceityudsk for investment.

This paper does not address the more general gnestisystem security. Insufficient
investment in generating capacity will increase fhequency with which system
operators are forced to shed load. However if sigcorargins are retained, then this
should not affect system security. Arguably, systgrarators can delay load shedding by
reducing the operating margin of the system. Theyexposed to complaints if load is
shed and do not fully internalize the risk to whitteir strategy exposes neighboring
system operators in the entire network. This magmtbat reduced generation adequacy
may affect system security. It is currently beingcdssed to what extent shortages in
Norway, Sweden, New Zealand and Italy were caugedsufficient generation capacity

negotiate all long-term hedging contracts and ¢iffety takes over the main objective for the creatof
retail competition — bargaining for low energy gsc

® An auction was implementd to purchase one-yearthrek-year contracts for total of 18,000MW of
generation on behalf of PSE&G, JCP&L, ACECO and RE(See optimalauctions.com)
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(Woo et al., 2003; Nilssen and Walther, 2001; Lwidg 2001; Leyland, 2003; Fraser
and Lo Passo, 2003).

This paper is structured as follows. The next sechriefly recapitulates the theory of
spot pricing as the starting point of the analySection 3 analyses the impact of
uncertainty on the amount of contracts risk neudrad avers consumers and investors
would sign. Section 4 illustrates why in the cutrararket design generation companies
are reluctant to sign long-term contracts with ifet@ompanies, and Section 5
approximates the implications on electricity pricBection 6 presents additional sources
of distortions of investment in generating capaci8ection 7 discusses capacity
mechanisms to increase investment, and Sectiorflé&te upon the impact of inter-
system trade. We conclude in Section 9.

2 Thetheory of spot pricing

Caramanis et. al. (1982) show that investors inel-aeefined, unregulated market will
provide sufficient investment in generating capadne frequently quoted requirement
for the success of such liberalized energy marisethat demand is sufficiently price-
elastic so that the supply and demand functionsaygwintersect. In practice, the
observed short-term price-elasticity of electricigmand is low and supply and demand
functions may not intersect. Revealed price eligtis even lower, because high costs
for equipment and operation of real time meteringplies that few customers are
exposed to real time prices (Littlechild 2003).

Hence the system operator sometimes needs to saedbly interrupting electricity
supply to groups of customers. A price cap needietimstituted in the short-term market
to protect consumers against excessive pricesgltiiese times (e.g. Ford, 1999; Hobbs
et al., 2001b; Stoft, 2002). If consumers are nwbived in real-time price setting, they
otherwise may find themselves paying more tharr thaue of lost load (VOLL). It is
difficult, however, to establish the correct levet the price cap, because the value of
lost load is difficult to determine. Estimates sesgjgthat the value of lost load is some
two orders of magnitude higher than regular elegyriprices, but they vary widely
among each other (Willis and Garrod, 1997; Ajod#tial., 2002).



Stoft (2002) shows that in a perfectly competitiwarket, a price cap at VOLL results in
an optimal level of investment in generating cagyaevith an optimal duration of power
interruptions. This suggests that spot pricing ppliaable even if revealed demand is
fully inelastic. Rotating black-outs at times whagmand exceeds supply at the price cap
cause inefficiencies because consumers are inharaogs and some would prefer to
pay a higher price to ensure uninterrupted elatstraupply, while others would prefer
more frequent interruptions if that would lower ithelectricity bill. However, even a
public enterprise with benevolent management wdat® the same dilemnialt can
only be resolved with real-time metering and pgcor active demand side management.
It is unclear whether the installation and transactcosts of such technology are
justified.

Borenstein and Holland (2003) analyze intra-anpuiak volatility and conclude that full
real-time pricing attains the first-best capacityastment (result 3) while time-invariant
retail prices result in inefficient consumption wgans and distorted investment
decisions. Intra-annual price volatility is averdgeer the course of a year and therefore
creates little price risk for agents. Hence theialgsis ignores the effects of risk
aversion. We complement their analysis by focusinghe inter-annual price volatility
for which risk aversion can no longer be ignored. simplify our analysis we abstract
from the intra-annual price volatility.

Even with long-term contracting, spot markets \&ile needed to allow parties to trade
imbalances relative to their contractual positiongven to replace their own generation
with electricity bought in the market if that is rroeconomical. Spot markets provide a
reference price for contracts for difference, mpé#rt tariffs or demand-side

management programs which allow for savings if sdazl can be interrupted. An

example of the latter is a tariff that specifieattla consumer can always receive his
average annual electricity demand at the fixedilrgtace. If the consumer reduces

demand, then he will be paid for at the differebedween wholesale price and retail
tariff, while if he increases demand, he has to @egording to the wholesale price for
the additional energy. An extreme version of thisgpam was successfully implemented

4 Joskow (1976) provides a survey of marginal cosing by regulated utilities and Chao (1983) shows
the joint impact of uncertainty about demand arbbu
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in Brazil to combat the energy shortage of the dyslrstem in 2002. Consumers could
receive 80% of average consumption at usual retek’ If they exceeded this level of

consumption, they were first warned and subsequetidconnected. This extreme
version was probably required in a society withhhigequality to ensure that not only
poor people, who are more price sensitive, contilbo the solution of the energy crisis.
One would expect that in countries with less indiguarice based mechanisms would
work equally well.

When we subsequently refer to long-term contraets, imply that consumers or

franchises sign contracts for differences on bebfatbnsumers to cover the price risk on
their expected consumption, or are exposed to edfivetail tariff for their expected

demand which is based on the prices paid for lengricontracts. These tariffs would be
complemented by mechanisms to encourage demandnsth@gement as described
above.

3 Risk aversion in the absence of long-term contracts

3.1 Introduction

The investment decision can be describe as a @gesgame (Figure 1). In stage 1,
investors decide how much generating capagitio provide, and in stage 2 the spot
markets determine how these capacity is allocatatifferent consumer€. We abstract
from daily and seasonal demand volatility and cadgess a representative demand and
consumption for each year. This simplification cpossibly be justified by the
observation that in liberalized markets price spikehich develop during a limited
number of hours when demand is close to availadgadity, provide the main revenues
to cover fixed and capital costs. Hence the voluhgenerating capacity and demand
during these hours have a crucial impact upon coesexpenditures, generator profits
and investment decisions. We assume that consumes investors behave
competitively.

® Information about the Brasilian electricity crisian be found at:
http://www.energiabrasil.gov.br/EnergiaBrasil.htm
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Figure 1: Two-stage investment model

As investments in generating capacity take yearscamplete, we will introduce
uncertainty about future demand between these tages. To facilitate the analysis, we
assess different causes of uncertainty which affdt#rent groups of users. In section
3.2 we assume one homogeneous group of consumersf avhich are affected
simultaneously by e.g. a cold winter. Section &8uanes that two groups of consumers,
industrial and private, are connected to the nékwhbr this section, certain causes of
uncertainty, like the business cycle, are assumedhpact industrial demand but not to
affect private consumption directly.

For each of these cases we first calculate therging capacity that risk-neutral
consumers would contract for. This corresponds thx&e the volume of capacity that
risk-neutral investors would finance if they furtetinvestment with revenues from the
spot market. In the absence of risk aversion, mgdgbntracts are not necessary and
short-term contracting suffices to implement thistfbest solution. We use the volume of
generating capacity which risk neutral agents wansthll as a reference.

In the second part of the analysis for each typenckrtainty we assume that consumers
and investors are risk aversaVe calculate how the volume of long-term contracts
signed by consumers (and hence the equilibrium melwf generation investment)

® While the assumption of risk aversion on the comsuside appears widely shared, for investors risk
aversion can easily be justified for all price riblat is correlated with the market evolution bjngsthe
capital asset pricing model. Electricity demandvwgtois highly correlated with the evolution of tEDP
and therefore with the performance of the econonaystock markets. This implies that low growth ggn
about both low electricity prices and low stockures, which is an unfavorable situation to investior
electricity generating capacity. So investors as&-averse because they cannot hedge the riskvof lo
electricity prices in other markets. Furthermou, ivo reasons investors do not appreciate vahatilf
annual profits that is uncorrelated with the stowkket. Firstly, it is costly because it distotis signal of
profits as an incentive mechanism for managemehigchwwas the initial justification for privatizatio
Secondly, it requires hedging over larger geogieghiegions or over several industries to smooth th
volatility. This implies that ownership is more @nbational, with the drawback that regulators ass|



changes if consumers are risk averse. The firsiy entthe Figure 2 shows that, if all
consumers face the risk of a common negative sldockig which consumer utility

decreases while consumption increases (e.g. daectidd winter), risk aversion causes
them to increase the volume of generating cap#ugty contract for.

Source of Consumer Investor
Demand Uncertainty Reaction Reaction
negative shock K1 > Kt
Aggregated
Positive shock K1 = K1
Exogenous Ke~ > K1

Figure 2: Change of installed capacity K caused by risk aversion

Likewise we assess how the equilibrium volume afiegation capacity provided by
investors who sell their output through short-teromtracts changes if they become risk
averse. If investors are faced with uncertaintyualdature demand, then risk aversion
reduces the equilibrium quantity of generating cégahey will provide in the market.
Combining the equality for risk-neutral consumensl anvestors with the inequalities
caused by risk aversion allows us to conclude timaker an aggregate negative shock,
risk-averse consumers will contract for more getiggacapacity with investors than
risk-averse investors would provide if they did reagn long-term contracts for the
marginal generating unit, but had to finance itdoh®n revenues from short-term
markets. Hence the equilibrium level of investmesnteduced from the efficient, first-
best volume if generators are not able to sign-teng contracts with consumers. A
similar analysis, performed for other types of utaiaty, is presented in Figure 2.

3.2 Weather-related uncertainty of demand

Because all consumers are affected similarly by thezga we assume only one
homogeneous group of consumers. We calculate theneoof long-term contracts that
consumers would sign with investors. We compare tbithe equilibrium volume of
generating capacity that investors provide who vecaheir investment in the spot

committed to respect the interests of the sharehsldShareholders anticipate this and require highe
returns.
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market. Without uncertainty, both approaches reisuthe same volume of generating
capacity. In the presence of uncertainty aboutréutveather, risk-neutral agents develop
more generating capacity than is required to matgpected demand. The same
equilibrium volume of generating capacity develoggether financed through long-term
contracts by consumers or with spot-market revenres third step we assume that
consumers and investors are risk averse. They waawoid decreases of their total
utility, which is a function of their residual alable money and their utility from
electricity consumption. We find that risk-aversmsumers contract for more generating
capacity than risk-neutral consumers, but risk-seeinvestors offer less generating
capacity than risk-neutral investors.

3.2.1 Consumers’ perspective on weather-relatedrtainty

To begin with, we will assume that all consumes exposed to the same unexpected
cold winter which increases energy demand, e.geliectric heating, lighting and water
circulation. The weather conditioa influences the monetary value that consumers
derive from consuming a volunt@ of electricity: M(C,¢). A positivee means a colder
winter than average. We further assume that (awuoers benefit from more electricity,
that (b) their comfort is decreased in colder wisitbut that (c) in colder winters the
marginal monetary value of an additional unit afogficity increases:

2
M) o [MCa) o HIMCe)
aC de 9£0C

a) 0.

To solve the model for the case of weather relategbrtainty we assume the following,
linear, relationship betwedd and ¢, which will be defined differently in section 3a®d
3.4

M (C.= M(C-9),

" In this section the following notation will be uke

: Shock on demand or utility Utilit
g 0? : 1
K Installed Capacity o, function
C (private) consumption D Industrial demand
- Consumer  wealth  (money and

M Monetary value of electricity s consumption)
M=M’ Marginal monetary value U Utility derived from \akth
P Short-term electricity price G Minimum investmeet investor
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and to avoid third derivatives defineas the willingness to pay, which is convex:

mCe=M(C-9>0 m(CH<0 ¥ (C-9>0. (1)

Consumers decide how much generating cap#&city invest in or contract for through
long-term contracts. Without loss of generality, wermalize variable costs of
generation to be 0. The cost of generating cap#uésefore iscK, with ¢ the long-run
marginal cost of capacity.

As we assumed that only one homogeneous groupnstiorers exists, no trade occurs to
adjust for the realization afand each consumer uses all his available cap@sity We
define consumers’ wealthias the monetary value of the electricity they comsM plus
the other sources of wealth at their dispositioorifralized to zero), minus their
expenditures on electricity, which equeK. Without uncertainty £&0), consumers’
wealth 77is:

7EK)=M(K)-cK (2)
Using the first order condition with respectkagives the optimal volume of generating
capacityKw without uncertainty:

c=m(Kw) 3)
If risk-neutral consumers face uncertainty aboeirtfuture demand due to uncertainty
about the weather, they will maximize their expdatealth, which is defined as follows:

KK)=E[M(K- &)-cK]. 4)

The first order condition with regard t renders the optimal volume of generating
capacity for a rislkaeutral consumeKy:

c= E[m(Ky -8)]. (5)

Willingness to paym for energy is convexm”>0, thereforeE[m(Kn- §]> m(Ky).
Willingness to pay for energy is also decreasingansumptiorm’<0, therefore (3) and
(5) can only both be satisfiedKiy<Kn. The optimal volume of generating capaédtyin

an uncertain world with risk-neutral consumers exsethe capaciti{w, which would
have been installed in the absence of uncertaiityft (2002) already described this
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result from the theory of consumption and investmender uncertainty, when he
introduces uncertainty regarding the availabilitgenerating capacity.

Risk-averse consumers

Let us introduce consumer utility, which is a monotonic function of the wealth
U’ (73>0. Utility of risk-neutral consumers increases limgavith wealth 77° By contrast,
risk-averse agents exhibit a decreasing margingityutvith higher wealth levels:
U” (7)<0. Consequently4) transforms intd*

U=E[U{M (K-£&)-cK}]. (6)

The FOC of (6) with respect tl gives an equation for the equilibrium volume of
generating capacit{r which risk-averse consumers contract for:

o= E{ EEJU{{MM(K £)- CCDDKK }}] mK 5)} @)

Equations (5) and (7) differ in the weighting facte€)=U’( €)/E[U’] . Using (1) gives
ow(g)/oe=-U"m/E[U’']>0 and dm(Kr-€)/0e=—m’>0, hence the average of a convex
function exceeds the value the function takesettrereage:

Elw(gm(K-g) >E[w(gE[m(K-g)] =E[m(K-&)/. (8

If we assume (hypothetically) thek=Ky, then the expected value of additional capacity
(right hand side of(7)) would exceed the marginal costs Therefore risk-averse
consumers contract for additional capadfiy>Ky. They reduce the downside risk of
cold winters by contracting for more energy thak4meutral consumers.

3.2.2 Investors’ perspective on weather-relatecttiamty

In a world without uncertainty, the spot-marketcprP equal the willingness to pay
m(K). In a competitive world, new investors will entee market until the equilibrium

8 Formally: U(77=A7z The value ofl is arbitrary; therefore we can sétl so thatU is the same asand
use the simplified approach of maximizing wealthisk-neutral consumers in (3) and (5).

° Our representation of the utility function différem the more general utility function. The generlity
function states utility as two-dimensional functiohconsumed energg@ and discretionary income -cK:
V(C,-cK) and hence depict® into R while we only use two functions depictifigjinto R. The more
general representation coincides with our represient if for allC, cK: Vi=U'M’ andV,=U’
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price P equals costg of additional generating capacity, Bec. Combining these two
equations gives=m(K), which is identical to (3). The market will theve¢ provide for
the optimal investment quantiky.

In the presence of uncertainty, risk-neutral inwestwill ensure that, on average, they
can recover their costs=P=E[m(K-¢)]. The exact correspondence with (5) shows that
even in the presence of uncertainty the market pvidlvide the appropriate volume of
generation investmemy, as long as consumers and investors are riskaleutr

If investors are risk averse, then their expectedebt from investing inG units of
generating capacity at the aggregate investmeat kgvs:

TEE[Uinves{G-(M(K-£)-c)}] €)

As investors are risk-averse, the marginal utistydecreasing in wealth (U'>QJ” <0),
therefore:

E[Uinves{G-(M(K-§)-C)}]<U inves{ G-E[(M(K-£)-C)]}. (10)

If risk-averse investors would invest the same nmuof generating capacity as risk-
neutral investor&y, then the right hand side of (10) would be zerbictv would imply
that the left-hand side would be negative. To iaseethe left-hand side, as required to
satisfy (9), the investment levk| needs to fall belowy, becaus&)’>0 andm’<0. The
volume of generating capacity provided by risk-aeenvestors is therefore smaller than
the volume provider by risk-neutral investors. Suamzing:

Proposition 1. In anticipation of aggregate weather-related uriagrty of
demand, risk-averse consumers which can sign leng-tontracts will contract
for more generating capacity than risk-neutral atgeiiKg>Ky). Risk-averse
investors who recover their investments in sharhtenarkets, however, construct
less generating capacity than risk-neutral agdKisKy).

3.3 Exogenous demand uncertainty

Now we will assume that we have a homogeneous grbppvate electricity consumers
and a second homogenous group of industrial consudmelustrial demand is subject to

13



unexpected shocks, mainly due to the unpredictdélelopment of the business cycle.
Both industrial and private consumers are conneittdéle same electricity network and
are part of the same market. Therefore private wwoess are subject to price volatility
induced by industrial consumers.

If private consumers have signed a volume of langitcontractK for their expected
energy demand, then they retain the option to cthar anticipated consumption at no
extra cost. However, they can improve upon thigasibn by increasing consumption if
additional electricity can be bought cheaply at Wieolesale level and by decreasing
consumption if they can re-sell some of their epeaghigher prices to the wholesale
market. Hence private consumers with long-term remtg benefit from both types of
deviations by industry demand. Obviously the argumequally applies to industry
customers who have signed long-term contractshieir expected demand and deviate
from their consumption to adjust to changes ofgigwcustomers’ electricity demand.

We will show that risk-averse investors who fundittgeneration investment with spot
market returns will provide for less generatingamfy than risk-neutral investors. Risk-
averse consumers will wish to contract for equilibr quantities of capacity that exceed
the quantity provided for by risk-averse investd#@wever, as individual consumers
only contract small quantities beyond their expgcteemand, the marginal unit of
generation investment to satisfy industrial demamaild continue to be provided by
merchant investors, unless industrial consumersleitg-term contracts.

3.3.1 Consumers’ perspective on exogenous demasettamty

In contrast to the previous section, consumersate directly exposed to shocks, hence
the monetary value of electricityl is only a function of consumptio@. As two groups

of agents are active, they now have the optiorradet in the spot market. Relative to
equation (2), the wealth function of consumaterefore not only contains the decision
variableK for the investment or long-term contracting demisibut also the option to
trade in the spot market by choosing consump@agifferent fromK. The spot market
price P results from total installed capacity minus industrial deman@®, which is
subject to a shoclkand private consumptio@ which adjusts with industry demand
shocke.

14



7tK,C(g)=M(C(&)-cK+(K-C(g)-P(K-D-&C(g) (12)

To determine the optimal consumption decision ofstmners, we differentiate (11) with
respect taC and obtainV’(C)=m(C)=P(K-D-&C). The willingness to pay for electricity
m equals the spot market price of electridtyNote that individual consumers are not
assumed to influence the market pricePseD.

How does the consumption of consumers change vi#mges of industry demare®
We differentiatem(C)=P(K-D-&C) with respect tos and, as all private consumers are
acting simultaneously, also consider the impactnughe market clearing price, using
P’<0. As expected, private consumption decreases witeased industry consumption
&

_ D 2 ' D! " 1
dce) _ -P' _, d’C(e) _ mP (P . P,j (12)
de meP de? (mePPLP T m

To determine the optimal investment quanti€y for risk-neutral consumers under
uncertainty we form the expectation of (11) ovépaksible realizations af

7KK)=E[M(C(¢)) - CP(K-I-& C(g))] + KE[P(K-D- & C(g)-c]. (13)
Differentiating with respect t& and remembering that competitive consumers do not

consider their impact on the market prid®(C)=0), we find again the equilibrium
quantityKy of risk-neutral consumers:

c=E[P(Kn -D-& C(&))]. (14)

To determine the equilibrium price, we expand (@4)a second order Taylor series and
use (12). As the industry demand shedk normalized, s&(£)=0, the first order term is
zero and the dominant term is of second order:

P:c—afz(m“( > j3+P"( m n (15)
2 m+P’ m+P’

If the demand function is conveR’(>0, m”>0 ), investment is higher under uncertainty

and hence the market-clearing prieeat expected demand=Q) is below the long-run
marginal costt (14). This corresponds to the previous result that iguim installed
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generating capacity is higher under uncertainty thegquired to cover the expected
demandKy <K.

Risk-averse consumers

Now let us assume that consumers are risk-averse, whighllwepresent, as before, by
inserting a concave utility functiokd’>0, U”<0 in (13).

U(K)=E[U{M(C( &)) - C(eP(K-I-& C(e))+K(P(K-I-& C(g)-c) }]. (16)

Differentiating with respect t& and then expanding in a second order Taylor series in
gand substitutingc’ andC” from (12) gives:

. P! 8 . m 8 u" _ m P’ 2
_._a’ m[m-w-j *P(m-w-j 2 (K C)(m‘+P‘j (17)
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Risk aversion has two counterbalancing effects. Irddreminator it adds the third term

relative to the risk-neutral case (15). This term egative and therefore reduces
investment beyond expected demand. It correspondsitaikar term in the function for
investors (which is discussed below) and shows that risls@veonsumers, like
investors, are less likely to take this speculative mositlrhis reduction of generation
investment is countered by the denominator decreasinglatility (assumingU™ is
positive (as for log utility) or not too negativedominate the first term). Consumers can
choose a convex combination of consumption and reeritom selling contracted
capacity and are hence more inclined to contracdditional generating capacity.

3.3.2 Investors’ perspective on exogenous demand aiugrt

Assume that investors face uncertainty about praemntical to (9). As both risk-averse
consumers and investors reduce the equilibrium volungereerating capacity relative to
the risk-neutral reference case, we will quantifyirtheduction to allow a comparison.
Replace m(K-¢) with P(K-D-&C(g) in (9) and then make a second-order Taylor
expansion ing. As for consumers, second order is required bec&fge0. Then
developing around the risk free equilibrium quankiywith P(Kp)-c)=0 in first order,
and usin@Jinves(G(P(Ko)-C)) = Uinves(0) = O gives:
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Comparing (18) and (15) we observe that risk-avergsidds an additional, negative
component on the rhsU(<0, U>0, bracket0). Therefore they will invest less, in
equilibrium, than risk-neutral investors or consumersmg@aring risk averse investors
with risk averse consumers we note that the denomin&{d’7) exceeds the value of the
bracket in (18) if

G -U ”inv:ast > 2(K _ C) _U'”consumer (19)

invest consumer

The condition is satisfied if there are transactoml information costs associated with
investing in merchant generation, so that it heecgires a sufficiently large investment
volumeG per investor which exceeds the excess contrakti@geven if it is scaled by a
factor of two and the curvatures of investors’ aomhsumers’ utility functions.
Furthermore, as noted above, the denominator gfi§lsmaller than 1, which reinforces
the effect that consumers will contract in equilion for more generating capacity than
would be provided for by risk averse investors.

Proposition 2: In anticipation of an exogenous demand shock (®.canother
country or industry), risk-neutral investors andnsomers contract for the same
volume of generating capacity, which is larger ththa volume contracted for by
risk-averse investors. Typically risk-averse constan contract for more
generating capacity than would be provided for isk everse investors.

3.3.3 Conclusion about effect of risk aversion andertainty

The discussed sources of uncertainty result initesstment in generating capacity than
the first-best solution, which allows for long-tecantracting. So why do we anticipate
that consumers do not sign a sufficient volumeoaftterm contracts?
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4 Obstaclesto long-term contracts

In most instances, generators do not sell theatrdéy directly to final consumers but to
retail companies which act as intermediaries. Omghtrexpect that retail companies
constitute an appropriate counterpart for long-tecontracts. Figure 2, however,
illustrates why generating companies would onlynsg limited volume of long-term
contracts with retail companies in an environmdnstoong retail competition. Assume
that the price of a long-term contract correspaidthe average wholesale price during
the period shown in the figure. In periods with ragge wholesale prices and retail prices
above long-term contract prices, like in 2003, itetampanies benefit and generators
lose from their long-term contracts. In exchangmeagators would expect to win from
long-term contracts in periods with low wholesategs, like during 1999-2000. But in
such periods, new retail companies may enter thekehaand offer cheap retalil
electricity. If the regulatory agencies succeedathieving retail competition, then
switching costs will be low for consumers and thely move towards these new retail
companies. Under such circumstances, all retailpeones would need to follow. Retail
companies with existing long-term contracts wouldurr losses. Some eventually would
go bankrupt and would not honor their contractsnéeators would anticipate the
resulting decrease in profits from long-term cottsaand therefore be reluctant to sign
significant volumes of long-term contracts with plypcompanies. Analysis by Woo et
al. (2003) confirms the implied result - tradingfofward and futures-contracts is thin in
liberalized markets.
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Figure 2: Norwegian retail prices linked to wholesale price.10

The risk to generators stems from the fact thailrebompanies may lose their customers
to new retail companies in times when their longateontracts exceed the short-term
price. Car or liability insurance contracts pooé thsk over a group of people at any
period of time and hence can be switched at anytpoi time, which facilitates
competition. Long-term electricity contracts averathe risk over time and would
therefore need to be signed a number of years abfeade, with a rolling horizon of at
least the same length. Therefore any switching dnsemers would require a transfer
between consumer and retail company equal to threrdudifference between the value
of the forward electricity contract and the averag®t price for the duration of the
contract. This could potentially involve large sumghich would inhibit switching.
Long-term energy contracts would hence be morelainid life insurance contracts,
which are typically only signed once in a lifetinvéth large commissions involved, and
therefore require strict regulation.

An institutional change, which would create a doézlicounterpart for generators to sign
long-term contracts, could solve the problem. ¢t éxample, retail companies held

19 Source: Statistics Norway, http://www.ssh.fidhe distribution/retail margin was assumed tothoe
average difference between retail price excludmgand wholesale price during the observation perio
7.15 @re/kWh.




regional monopolies, consumers would not have e to switch. The most direct
way to maintain generation adequacy would therdberéo retain the consumer franchise
(Newbery, 2002).

A less direct approach is to allow retail companiesoffer long-term contracts to
consumers, accepting that such contracts mighe&ser switching costs and thereby limit
competition at the retail levét.It is uncertain, however, whether consumers weidd
such long-term contracts if they have not yet elpeed high peak prices. If the
majority of consumers do not sign long-term cortgathe regulator may still intervene
at times of high prices, rendering long-term cartgaiseless for individual consumers.

If final customers have difficulty switching reta@ibmpanies due to the transaction costs,
then retail companies effectively own a franchied aan sign long-term contracts with
generators. The reduction of competition broughdualby restrictions on switching is
likely to require regulatory price controls of nktariffs. If tariffs need to be regulated,
then there seems to be little benefit from “contipeti at the retail level, and transaction
costs for systems to allow for switching can beid&® by retaining the consumer
franchise.

One might argue that vertical integration by getmginto the retail sector, which is

common, has the (side) effect of effectively cmegtiong-term contracts between
generation and retail companies. However, if th@ilranarket is competitive, then

integration of supply and generation companies aatgprovide the required long-term
contracts to secure investment, because final gestare not included in the long-term
contract. At times of low wholesale electricity g@s, final customers could continue to
switch suppliers and vertically integrated retaibpanies will also lose their customers.
Therefore vertically integrated generation andilretampanies cannot offer electricity

tariffs corresponding to long run marginal costs, Wwill vary the tariffs with the average

wholesale price.

™ n the UK, retail companies are now again allow@aign long-term contracts with final consumers to
improve investment in energy efficiency (The Guandi24.11.2003).
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As an alternative to long-term contracts signedrdi@il companies, one can envisage
consumers signing financial contracts for diffeenevith generation companies. Such
contracts would not need to be linked to eleciridémand or supply but would only be
risk-hedging instruments (which banks or other ifasbns could distribute). If
wholesale prices exceed the long-term average ,ptizen generation companies
reimburse consumers for the difference; if they li@low the long-term average price
then consumers pay the difference to the generatmmpanies. In a simplified,
theoretical perspective this approach would provite same degree of risk hedging as
long-term contracts signed by the retail compangweler, practical implementation
may suffer from several factors. If electricity ggs are low and generation companies
expect money from customers they may face the aymlificulty of a creditor — it is
costly to collect money from individual small custers. Furthermore, in a society that is
becoming increasingly mobile, it appears diffictdt collect debt from customers who
have moved away, while the same customers wouklbstantially more willing to stay
in contact if they could receive money at timesigh wholesale prices.

5 Quantification of the Effect

Electricity demand is intrinsically difficult to fecast as it is driven by climate,
technological evolution and business cycles. Tlgadgthmic representation in Figure 3
shows that the long-term trend of electricity dechamowth is stable. However, the
random variations in the year to year changesiéfreutt to predict.
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Assume peak demand evolves in parallel with anmamlsumption, then Figure 4
illustrates not only the variations of annual dliedly demand but can be interpreted as
errors in the prediction of future peak demand.

Average Growth Standard Error Period

S-Korea 9.7% 4.5% 70-99
China PR 8.8% 2.7% 70-99
USSR 4.1% 1.4% 70-91
W-Germany | 3.4% 3.5% 70-91
France 5.5% 3.0% 70-97
UK 1.2% 2.8% 70-97

USA 3.0% 2.4% 70-97

Figure 4: Annual average growth rate and standard deviation based on UN Energy

Statistics

To ensure that peak demand is covered even in ya#rsunexpected high electricity
demand generation capacity has to be provided terdhese peaks.In line with the
crude approximation in this section assume that geaks are expected to occur in one
out of four years. The extra capacity installed toasover fixed and annual fixed costs of
operation during this one out of four years, hgmeak prices have to rise in this year. As
we are mainly concerned about revenue and cosinssrat suffices to compute the
impact on the average annual electricity price whidl rise in the peak years by a level
such that fixed costs of peak units can be recovdreour calculations we assume an
open cycle gas turbine with investment costs of0i&0.**If contractual arrangements
ensure constant revenue streams, then such petk amuild be financed at weighted

2 The alterantive option is to cover peaks with dethside response. Figure 4 is based on generaiibn a
hence already includes demand side response agtieneequals demand minus demand side response
minus losses.

3 The capacity price is taken from Rob and Rich@@g).

4 We ignore annual fixed costs (e.g. network corineand staff) which can potentially be avoided thue
mouthballing but would otherwise increase the olesg:price volatility and if financed through thepdal
market also the impact of higher weighted averaggscof capital.
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average costs of capital of approx 7%, implying umhncapital costs are 8.5% of
investment volume if economic life time of the agse?5 years®

Would the capital costs for the back up capacityliseributed over 8760 hours per year
then the capital cost of peaking capacity are BA@h. However, peak units only
recover their fixed costs at times of higher demathehce prices in high demand years
have to rise sufficiently to allow peak units t@aeer their fixed costs in these years,
average electricity price will increase by £11.4/KMWh one out of four years. This
implies a standard deviation of annual electripiiges of £5.7/MWh, which corresponds
to calculations for Nordpool of £5.9/MWh (Green 200

Average electricity price

This uncertainty in revenue streams is anticipdgdvestors, and following anecdotal
evidence, we assume that merchant peaking plaqy i least 14% weighted cost of
capital, hence the annual capital cost rise to%4&dnd the capital cost of a peaking units
distributed over 8760 hours increase to £5.0/MWhe Tigher rate of return for peaking
units increases the average electricty price by/ERVh.

Technology Choice

If the institutional environment prevents largectrans of demand to be covered by long-
term contracts, then new generation has to be lomld merchant base. Assuming that
peaking capacity has to be financed at 14% weigltest of capital then the time
weighted electricity price will has to increase #80/MWh in one out of four years to
recover the capital costs and hence the standaidtobs of annual electricity prices is
£9.9/MWh. This annual price volatility is significegiven average electricity prices in
the order of £25/MWh. Even so this volatility shdwilverage out over the livetime of a
plant, anecdotal evidence suggests that investefsrpstable revenue streams and hence
add a risk premium to projects with voliatie revenstreems. This can significantly
distort the technology choice. For a combined cgele turbine financed at 7% weighted
cost of capital the capital cost contributes appnaxely 20% to average cost. An
increase in weighted cost of capital from 7% to lid%¥seases capital cost by 50% and

15 We have tried to use conservative estimates,aictie effects that we describe may be larger.
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long run marginal cost by 10%. Contrast this toeaewable energy plant which is
typically assumed to be capital intensive, lets %ong run marginal costs are capital
costs. The same increase of the required ratetafnréencreases long run marginal cost
for the renewable plant by 35%. Hence even if greewable plant would have been in a
position to compete with the combined cycle gabihg in a market framework which
allows for long term contracting, its long run maag cost will exceed the gas turbine by
25% in the environment without long-term contragtin

Consumer impact

The main impact of lacking long-term contracts onilar arangements on consumers
will be due to the increased electricity price @iy higher financing costs. The
volatility of electricity prices, e.g. an increaeé 11.4£/MWh (lower bound) in scarce
years, implies an increase of final consumer pradegoproximatly 20%. One third of the
households in the UK spend 8% of their total hoalkincome on energy, and if we
assume the average split between gas and elgctittid5% also applies to this group,
then they have to spend an additional 1% of theuskhold income on electricity in
times of peak demand. Given large fractions of Bhakl income are typically commited
to rent and other long-term commitments the thiatdagy will be noticed.

6 Additional distortionsof investment decisions

The previous sections argued that risk-averse faxesvho cover their production with
short-term contracts will provide for less genergtcapacity than in the first-best world
that allows for long-term contracting. Investorpitally only have imperfect information
about future demand and supply (Hobbs et al., 2081iaft, 2002). To calculate their
revenues, investors need to anticipate future radégt prices which are a function of
difficult to anticipate demand and available getirgacapacity (Hobbs et al., 2001a).
Long-term contracts reveal information about bo#mend and supply side and hence
can reduce this uncertainty.

'8 Detailed break downs of fuel poverty in Englan@@91, version July 2003, Summary report presenting
data produced by the Building Reseearch Establishorebehalf of DTI and Defra.
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Regulatory changes increases investment risk aedefthre adversely impacts the
willingness to invest. For example the Electriditiyective that was recently adopted by
the EU (Directive 2003/54/EC), the large combusptant directive (2001/80/EC) or the
recently adopted COemissions trading scheme (EC, 2002/EC 2003) wiluénce
country-specific regulation, as does the liberailiwa process of the European gas
market. A second source of regulatory uncertairstycaused by possible lack of
regulatory commitment. Will a regulator sustain theblic pressure in a period of high
prices and not react by reducing the price cap riteroto limit the pries? If the
possibility exists, then generators have to distduture revenues during high price
periods while they are unlikely to expect symmetggulatory support during periods
with low prices (Skantze and llic, 2001).

Ford (1999) uses a system dynamics model to shaw ittvestment in electricity
generation facilities is inherently unstable if @stment decisions are influenced by
current prices rather than by predicted futuregwicAnecdotal evidence suggests that
investment projects are delayed when spot pricesbatow long-term average costs.
When spot prices reach long-term average costsimrgstment projects can move
forward, then the time delay to bring the new cagpamline implies that prices will first
increase well above the long-term average cosisrédhe addition of new generating
capacity brings them down again. Visudhiphan et(2001) contend that investment
cycles are not inevitable, as long as investorsabke to anticipate market developments.
However, it is likely that investors put excessiveight on current and past observations.

A significant vulnerability of electricity markeis that generating companies have both
opportunity and incentives to increase electrigtjces, as demonstrated during the
electricity crisis in California (Joskow and Kah2()02). When the capacity margin is
slim, the low price-elasticity of demand means thanilateral reduction of the supply of
electricity, e.g. by listing generating units aquiing unscheduled maintenance, can be
profitable even for small generation companies (CPB002). Price increases due to
market power should attract more investment, ag t@present an opportunity to make
more profit. In the UK, new entry was possible e tpast, because low gas prices

" In San Diego, even already a brief period of hagimsumer prices proved politically unacceptable
(Liedtke, 2000).
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allowed entry with relatively small combined cygenerators. The long-term contracts
for the generating companies’ output, which thailetompanies signed, facilitated the
investment by securing revenues for the generatngpanies. On the other hand, if new
market entrants know that the high prices are aequence of market power, and not of
real scarcity, they may hesitate to enter the ntadsan increase in competition could
cause prices to drop to the marginal cost of géloeraBecause market power is mainly
exercised at times close to full capacity utiliaatiit is difficult to assess whether high
prices are caused by market power or scarcity. Timsertainty also affects policy

makers and regulators, who may react to the perdebuse of market power with the
implementation of a price cap below the value &t load. Such price caps reduce the
expected return on electricity investment and twereduce the equilibrium investment
volume (Oren, 2000; Newbery, 2001).

Incumbent generating companies may benefit fromyep@rriers which prevent third

parties from providing new generating capacity:ngéimg is likely to be easier at

existing locations, where there often is spaceafoadditional unit (e.g. in the place of a
dismantled old unit), and because at these sitesdst of a new unit is lower, if the fuel
supply, electricity and cooling infrastructuresealdy exist. In addition, large incumbent
firms may obtain the necessary capital more ealilgntry is restrained, then Von der
Fehr (1997) shows that incumbents may limit cagascitestment to increase spot prices.

Boom (2003) compares a monopoly and duopoly in@adtage model of investment and
energy market with fixed retail tariffs and uncerta about future demand. The duopoly
may provide for less generating capacity then aapokhst, if this ensures higher energy
prices in the energy spot market where the play@mgpete in a Bertrand like game.

7 Capacity mechanisms

A number of adjustments to the market structureiclwhwe will call capacity
mechanisms have been applied or proposed, forutpoge of securing the adequacy of
generation resources. A brief overview of the nimgtortant ones follows.
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Capacity payments

Payments for installed or available capacity attetopconvert the irregular revenues
from price spikes to a more constant revenue strigngeneration companies. They
have been applied in the former England and Wated &d subsequently in Spain (as
part of the stranded cost reimbursement) and seSetdh-American countries.

Strategic reserve

An option which often is proposed is a so-calledbthiball reserve’, a collection of
mothballed old plants maintained by the systemaipelas back-up capacity. A variation
is the tendering procedure, which is proposed enrtéw directive of the EU (Directive
2003/54/EC). The open question is when to deplah saserve capacity. If the market is
to perform its regular task and invest in genegatapacity, it should be able to rely
upon periodical price spikes to finance its investimin peaking units. This means that
the reserve should only be deployed at a high pnamely a price equal to the value of
lost load. Will it be politically sustainable td@lv prices to rise to the strike price for any
length of time if earlier deployment of mothbalseeve can easily reduce the price?

Operating reserves pricing

Another option is for the system operator to casttgperating reserves in excess of the
reserves which are contracted to maintain systexhilisy. This provides a revenue
stream for peaking units. If spot prices exceednt&mum price the system operator is
willing to pay for strategic reserve, then generatwill sell the capacity in the spot
market and no longer to the system operator (26f22). The system operator's demand
for reserve capacity increases the frequency amdtida of price spikes, but his
maximum willingness to pay limits their height. $poices can only exceed the system
operator’s willingness to pay when all capacitytthaually is contracted by the system
operator as strategic reserves is offered in tbermarket. This system can be interpreted
as an increase of demand with a price-elasticagctvhich reduces price volatility and
therefore makes it easier to determine future reggifirom price spikes.

Capacity requirements

A system of capacity requirements, such as the I€ydfem, is used by PJM on the East
Coast of the USA (described in Besser et al., 2002this system, large customers and
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retail companies who represent small customerseggired to purchase firm capacity to
cover their expected peak demand. Capacity carrdaded by either generators within
the control area, by out-of-area producers if goading transmission capacity can be
secured, or by interruptible load. The system egssthat generating capacity generators
receive a revenue stream in addition to the enmayket.

Reliability contracts

A disadvantage of capacity requirements is that teenot mitigate the incentive to use
market power to increase the electricity price bthkolding generating capacity. An
alternative which is intended to mitigate this sboming is provided by reliability
contracts. These are a form of call options whieghgystem operator purchases from the
generation companies (Vazquez et al.,, 2002). Whenspot price exceeds the strike
price of the options, the producers are requirepalpthe system operator the difference
between the spot price and the strike price. Opgyrgtower plants are a perfect hedge
for the generators: their net income is equal ® gtrike price. Generation companies
who have sold options which are not covered bylabl® generating capacity when the
options are called, lose on those options. Thisvides an incentive to generation
companies to sell an option volume, which is eqoidhe available volume of generating
capacity under their control. A second advantagbasthe risk of exposure to high spot

prices gives an incentive to generation comparaesdximize the availability of their
generation units during periods of scarcity. Thetey operator determines the level of
overall generation adequacy by the volume of ogtioe purchases.

8 Tradebetween eectricity systems

Trade between liberalized electricity systems dghonbt change the basic market
dynamics. If the involved systems are liberalizadsimilar ways, trade between them
only represents an increase of scale. The scdledystem does not impact the question
of generation adequacy, as it is addressed in phiser. A benefit of a larger
interconnected system is that they allow aggregadwver errors of demand and supply
predictions and therefore relative error margireusthbe smaller.

In practice, interconnected electricity systemsemfhave quite different rules, both
within their markets and for access to the intensmtion capacity. In the European
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Union, Article 24 of the Directive allows membeatsts ‘in the event of a sudden crisis’
to take unspecified ‘safeguard measures’ (Direc2®@3/54/EC). This can be interpreted
as giving member states the right to curtail exptemporarily in an emergency. While
there may be technical reasons for doing so, trean® that in case of a shortage of
generation capacity, the European internal markeal rdivide into a number of
unconnected national markets. Does this requirteeidzh country needs to provide for its
own generation adequacy?

Trade between systems with different rules comf@kdhe implementation of capacity
mechanisms. During a regional episode of scarsijgiems which choose to provide
incentives for generation investment may find thatoutput from some of their plants is
sold to neighboring systems, which did not incue ttosts of capacity mechanisms.
Harmonization of rules clearly is the solution, Intdy not be feasible in the near term.
Countries seeking to implement a capacity mechardiam either wait for a regional

consensus to emerge, or implement an individuailtisol, which may be more costly and
less effective than a regional solution.

9 Conclusions

The theory of spot pricing suggests that energyt sparkets will provide sufficient
incentive to invest in generating capacity. Thisute still holds in the presence of
uncertainty. However, we show that without longvtezontracts or similar mechanisms
the result no longer holds if investors or finahsomers are risk averse. We identify
several types of uncertainty that induce risk-avenvestors to reduce the equilibrium
volume of generating capacity relative to risk-mauinvestors. In contrast, if consumers
could sign long-term contracts or invest directhydlectricity generation, they would
provide for more investment quantity than risk-malinvestors or consumers.

The high inter-annual price uncertainty in eledyienarkets may prompt regulators to
intervene during periods of high prices, which tsrthe expected revenues and therefore
reduces the incentive to invest in generating dgpaBecause the construction of
generation plants is characterized by a long lead-and their economic life is long as
well, incomplete information about the future evan of demand and supply increases
investment risk. The limited predictability of futuelectricity prices induces generating



companies to rely more upon current prices in timestment decisions. This may result
in investment cycles.

Electricity prices are higher and more volatileinvestment is funded through spot

market revenues. High inter-annual price volatitigégults in a higher risk-premium on

capital. If this risk-premium is not a function whderlying fundamentals, but is caused
by failures in market design, then it biases invesit towards less capital-intensive
technologies. This presents a particular obstacteriewable energy sources, which tend
to have the highest ratio between capital costsopedational expenditure.

Generation adequacy is improved if institutionabagements allow generators to sign
long-term contracts with final consumers or if catifion between retail companies is
weak. If switching by consumers is unlikely, retadmpanies are better able to sign
long-term contracts on behalf of them. Howeverthis case it is likely that the retail

tariff needs to be regulated, and one may ask whdthwould be better to reinstate

properly regulated consumer franchises. A numbecapiacity mechanisms have been
proposed to make the demand for reserve capacitg mxplicit and reduce investment
risk for generation companies.
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