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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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