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long run marginal cost by 10%. Contrast this to a renewable energy plant which is 

typically assumed to be capital intensive, lets 70% of long run marginal costs are capital 

costs. The same increase of the required rate of return increases long run marginal cost 

for the renewable plant by 35%. Hence even if the renewable plant would have been in a 

position to compete with the combined cycle gas turbine in a market framework which 

allows for long term contracting, its long run marginal cost will exceed the gas turbine by 

25% in the environment without long-term contracting.  

Consumer impact 

The main impact of lacking long-term contracts or similar arangements on consumers 

will be due to the increased electricity price caused by higher financing costs. The 

volatility of electricity prices, e.g. an increase of 11.4£/MWh (lower bound) in scarce 

years, implies an increase of final consumer prices of approximatly 20%. One third of the 

households in the UK spend 8% of their total household income on energy,16 and if we 

assume the average split between gas and electricity bill 45% also applies to this group, 

then they have to spend an additional 1% of their household income on electricity in 

times of peak demand. Given large fractions of household income are typically commited 

to rent and other long-term commitments the this volatility will be noticed.  

6 Additional distortions of investment decisions 

The previous sections argued that risk-averse investors who cover their production with 

short-term contracts will provide for less generating capacity than in the first-best world 

that allows for long-term contracting. Investors typically only have imperfect information 

about future demand and supply (Hobbs et al., 2001c; Stoft, 2002). To calculate their 

revenues, investors need to anticipate future electricity prices which are a function of 

difficult to anticipate demand and available generating capacity (Hobbs et al., 2001a). 

Long-term contracts reveal information about both demand and supply side and hence 

can reduce this uncertainty. 

 

                                                 

16 Detailed break downs of fuel poverty in England in 2001, version July 2003, Summary report presenting 
data produced by the Building Reseearch Establishment on behalf of DTI and Defra. 
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Regulatory changes increases investment risk and therefore adversely impacts the 

willingness to invest. For example the Electricity Directive that was recently adopted by 

the EU (Directive 2003/54/EC), the large combustion plant directive (2001/80/EC) or the 

recently adopted CO2 emissions trading scheme (EC, 2002/EC 2003) will influence 

country-specific regulation, as does the liberalization process of the European gas 

market. A second source of regulatory uncertainty is caused by possible lack of 

regulatory commitment. Will a regulator sustain the public pressure in a period of high 

prices and not react by reducing the price cap in order to limit the pries?17 If the 

possibility exists, then generators have to discount future revenues during high price 

periods while they are unlikely to expect symmetric regulatory support during periods 

with low prices (Skantze and Ilic, 2001). 

 

Ford (1999) uses a system dynamics model to show that investment in electricity 

generation facilities is inherently unstable if investment decisions are influenced by 

current prices rather than by predicted future prices. Anecdotal evidence suggests that 

investment projects are delayed when spot prices are below long-term average costs. 

When spot prices reach long-term average costs and investment projects can move 

forward, then the time delay to bring the new capacity online implies that prices will first 

increase well above the long-term average costs before the addition of new generating 

capacity brings them down again. Visudhiphan et al. (2001) contend that investment 

cycles are not inevitable, as long as investors are able to anticipate market developments. 

However, it is likely that investors put excessive weight on current and past observations. 

 

A significant vulnerability of electricity markets is that generating companies have both 

opportunity and incentives to increase electricity prices, as demonstrated during the 

electricity crisis in California (Joskow and Kahn, 2002). When the capacity margin is 

slim, the low price-elasticity of demand means that a unilateral reduction of the supply of 

electricity, e.g. by listing generating units as requiring unscheduled maintenance, can be 

profitable even for small generation companies (CPUC, 2002). Price increases due to 

market power should attract more investment, as they represent an opportunity to make 

more profit. In the UK, new entry was possible in the past, because low gas prices 

                                                 

17 In San Diego, even already a brief period of high consumer prices proved politically unacceptable 
(Liedtke, 2000).  
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allowed entry with relatively small combined cycle generators. The long-term contracts 

for the generating companies’ output, which the retail companies signed, facilitated the 

investment by securing revenues for the generating companies. On the other hand, if new 

market entrants know that the high prices are a consequence of market power, and not of 

real scarcity, they may hesitate to enter the market, as an increase in competition could 

cause prices to drop to the marginal cost of generation. Because market power is mainly 

exercised at times close to full capacity utilization, it is difficult to assess whether high 

prices are caused by market power or scarcity. This uncertainty also affects policy 

makers and regulators, who may react to the perceived abuse of market power with the 

implementation of a price cap below the value of lost load. Such price caps reduce the 

expected return on electricity investment and thereby reduce the equilibrium investment 

volume (Oren, 2000; Newbery, 2001). 

 

Incumbent generating companies may benefit from entry barriers which prevent third 

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

existing locations, where there often is space for an additional unit (e.g. in the place of a 

dismantled old unit), and because at these sites the cost of a new unit is lower, if the fuel 

supply, electricity and cooling infrastructures already exist. In addition, large incumbent 

firms may obtain the necessary capital more easily. If entry is restrained, then Von der 

Fehr (1997) shows that incumbents may limit capacity investment to increase spot prices. 

 

Boom (2003) compares a monopoly and duopoly in a two-stage model of investment and 

energy market with fixed retail tariffs and uncertainty about future demand. The duopoly 

may provide for less generating capacity then a monopolist, if this ensures higher energy 

prices in the energy spot market where the players compete in a Bertrand like game. 

7 Capacity mechanisms 

A number of adjustments to the market structure, which we will call capacity 

mechanisms have been applied or proposed, for the purpose of securing the adequacy of 

generation resources. A brief overview of the most important ones follows. 
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Capacity payments 

Payments for installed or available capacity attempt to convert the irregular revenues 

from price spikes to a more constant revenue stream for generation companies. They 

have been applied in the former England and Wales Pool and subsequently in Spain (as 

part of the stranded cost reimbursement) and several South-American countries. 

Strategic reserve 

An option which often is proposed is a so-called ‘mothball reserve’, a collection of 

mothballed old plants maintained by the system operator as back-up capacity. A variation 

is the tendering procedure, which is proposed in the new directive of the EU (Directive 

2003/54/EC). The open question is when to deploy such reserve capacity. If the market is 

to perform its regular task and invest in generating capacity, it should be able to rely 

upon periodical price spikes to finance its investment in peaking units. This means that 

the reserve should only be deployed at a high price, namely a price equal to the value of 

lost load. Will it be politically sustainable to allow prices to rise to the strike price for any 

length of time if earlier deployment of mothball reserve can easily reduce the price? 

Operating reserves pricing 

Another option is for the system operator to contract operating reserves in excess of the 

reserves which are contracted to maintain system stability. This provides a revenue 

stream for peaking units. If spot prices exceed the maximum price the system operator is 

willing to pay for strategic reserve, then generators will sell the capacity in the spot 

market and no longer to the system operator (Stoft, 2002). The system operator’s demand 

for reserve capacity increases the frequency and duration of price spikes, but his 

maximum willingness to pay limits their height. Spot prices can only exceed the system 

operator’s willingness to pay when all capacity that usually is contracted by the system 

operator as strategic reserves is offered in the spot market. This system can be interpreted 

as an increase of demand with a price-elastic section, which reduces price volatility and 

therefore makes it easier to determine future revenues from price spikes. 

Capacity requirements 

A system of capacity requirements, such as the ICAP system, is used by PJM on the East 

Coast of the USA (described in Besser et al., 2002.). In this system, large customers and 
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retail companies who represent small customers are required to purchase firm capacity to 

cover their expected peak demand. Capacity can be provided by either generators within 

the control area, by out-of-area producers if corresponding transmission capacity can be 

secured, or by interruptible load. The system ensures that generating capacity generators 

receive a revenue stream in addition to the energy market. 

Reliability contracts 

A disadvantage of capacity requirements is that they do not mitigate the incentive to use 

market power to increase the electricity price by withholding generating capacity. An 

alternative which is intended to mitigate this shortcoming is provided by reliability 

contracts. These are a form of call options which the system operator purchases from the 

generation companies (Vázquez et al., 2002). When the spot price exceeds the strike 

price of the options, the producers are required to pay the system operator the difference 

between the spot price and the strike price. Operating power plants are a perfect hedge 

for the generators: their net income is equal to the strike price. Generation companies 

who have sold options which are not covered by available generating capacity when the 

options are called, lose on those options. This provides an incentive to generation 

companies to sell an option volume, which is equal to the available volume of generating 

capacity under their control. A second advantage is that the risk of exposure to high spot 

prices gives an incentive to generation companies to maximize the availability of their 

generation units during periods of scarcity. The system operator determines the level of 

overall generation adequacy by the volume of options he purchases. 

8 Trade between electricity systems 

Trade between liberalized electricity systems should not change the basic market 

dynamics. If the involved systems are liberalized in similar ways, trade between them 

only represents an increase of scale. The scale of the system does not impact the question 

of generation adequacy, as it is addressed in this paper. A benefit of a larger 

interconnected system is that they allow aggregating over errors of demand and supply 

predictions and therefore relative error margins should be smaller. 

 

In practice, interconnected electricity systems often have quite different rules, both 

within their markets and for access to the interconnection capacity. In the European 
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Union, Article 24 of the Directive allows member states ‘in the event of a sudden crisis’ 

to take unspecified ‘safeguard measures’ (Directive 2003/54/EC). This can be interpreted 

as giving member states the right to curtail exports temporarily in an emergency. While 

there may be technical reasons for doing so, this means that in case of a shortage of 

generation capacity, the European internal market may divide into a number of 

unconnected national markets. Does this require that each country needs to provide for its 

own generation adequacy? 

 

Trade between systems with different rules complicates the implementation of capacity 

mechanisms. During a regional episode of scarcity, systems which choose to provide 

incentives for generation investment may find that the output from some of their plants is 

sold to neighboring systems, which did not incur the costs of capacity mechanisms. 

Harmonization of rules clearly is the solution, but may not be feasible in the near term. 

Countries seeking to implement a capacity mechanism can either wait for a regional 

consensus to emerge, or implement an individual solution, which may be more costly and 

less effective than a regional solution. 

9 Conclusions 

The theory of spot pricing suggests that energy spot markets will provide sufficient 

incentive to invest in generating capacity. This result still holds in the presence of 

uncertainty. However, we show that without long-term contracts or similar mechanisms 

the result no longer holds if investors or final consumers are risk averse. We identify 

several types of uncertainty that induce risk-averse investors to reduce the equilibrium 

volume of generating capacity relative to risk-neutral investors. In contrast, if consumers 

could sign long-term contracts or invest directly in electricity generation, they would 

provide for more investment quantity than risk-neutral investors or consumers. 

 

The high inter-annual price uncertainty in electricity markets may prompt regulators to 

intervene during periods of high prices, which limits the expected revenues and therefore 

reduces the incentive to invest in generating capacity. Because the construction of 

generation plants is characterized by a long lead-time and their economic life is long as 

well, incomplete information about the future evolution of demand and supply increases 

investment risk. The limited predictability of future electricity prices induces generating 
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companies to rely more upon current prices in their investment decisions. This may result 

in investment cycles. 

 

Electricity prices are higher and more volatile if investment is funded through spot 

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

capital. If this risk-premium is not a function of underlying fundamentals, but is caused 

by failures in market design, then it biases investment towards less capital-intensive 

technologies. This presents a particular obstacle to renewable energy sources, which tend 

to have the highest ratio between capital costs and operational expenditure. 

 

Generation adequacy is improved if institutional arrangements allow generators to sign 

long-term contracts with final consumers or if competition between retail companies is 

weak. If switching by consumers is unlikely, retail companies are better able to sign 

long-term contracts on behalf of them. However, in this case it is likely that the retail 

tariff needs to be regulated, and one may ask whether it would be better to reinstate 

properly regulated consumer franchises. A number of capacity mechanisms have been 

proposed to make the demand for reserve capacity more explicit and reduce investment 

risk for generation companies. 
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