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This paper addresses the long term challenges of electricity markets.
First, the economic theory of the missing money problem is out-
lined. Additionally, a risk assessment of different market designs is
pursued. Finally, we will conclude that both market and regulatory
risks are important issues of the discussion. Due to the relatively
high complexity of capacity markets it can be expected that there
will be changes to the market design and to relevant parameters – in
particular shortly after the first implementation of such mechan-
isms. This might increase the uncertainty perceived by investors.
However, if the period of validity is long enough, i.e. the investors
can calculate with a relatively stable revenue stream, a capacity
market might be an instrument for reducing the risks perceived by
investors and hence for facilitating the financing of investments in
new energy generation capacity.

Der Beitrag thematisiert die langfristigen Herausforderungen für
Strommärkte. Zunächst wird die ökonomische Theorie des ‚missing
money problem‘ erläutert. Anschließend werden die Markt- und Re-
gulierungsrisiken verschiedener Marktdesigns analysiert. Aufgrund
der hohen Komplexität von Kapazitätsmärkten ist zu vermuten,
dass gerade unmittelbar nach deren erstmaliger Implementierung
Änderungen am Marktdesign sowie an einzelnen Stellhebeln vorge-
nommen werden, was das von Investoren wahrgenommene Risiko

erhöhen kann. Können die Investoren jedoch aufgrund einer ausreichend langen Gültig-
keitsdauer mit einem relativ stabilen Erlösstrom rechnen, können Kapazitätsmärkte ein
Instrument sein, welches das von den Investoren wahrgenommene Risiko reduziert und
die Finanzierung von Investitionen in Stromerzeugungskapazität erleichtert.

Introduction

A reliable electricity supply is crucial for any modern economy. In recent years, retained
investment in new power plants and increasing shares of renewable energy sources have
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raised a large debate about the ability of energy-only-markets to guarantee a sufficient lev-
el of reliability. At first glance, basic energy economics do not indicate these problems. On
a perfect market, prices have a coordination function in the short as well as in the long
term. In the short term, prices assure an efficient dispatch of electricity generation. In the
long run, the expectation about future prices should create sufficient rents to cover fixed
costs and induce new investments in generation capacity (Hogan 2013). If generation ca-
pacity is fully utilized and there is excess demand, prices will rise until consumers reduce
their electricity consumption and demand equals supply. The price of the market clearing
determines the efficient market outcome including scarcity rents and should induce the ef-
ficient amount of investments.

However, current electricity markets are far from being perfect markets and thus mar-
ket outcomes might not yield efficient results. Various flaws and market failures, reaching
from regulatory price caps to inelastic demand might prevent electricity prices from rising
sufficiently. This “missing money problem” (Cramton/Stoft 2006) would lead to non-suf-
ficient investments and might thus endanger the political goal of a high level of security of
supply.

In the debate about electricity markets functioning, two counterparties can be identified.
The one side argues in favor of the performance of energy-only markets and the occur-
rence of sufficient price spikes. The other side states that to ensure security of supply the
current market design has to be complemented by a capacity market which guarantees
generation investments’ long run profitability by compensating generating capacities
through fixed payments, irrespectively of whether capacity is used or not. Empirically, this
problem seems to be yet unsolved. However, the changing structure of electricity price for-
mation with a high share of stochastic generation of low variable costs technologies – re-
newables as wind and PV – might jeopardize the business case of conventional power
plants. Nevertheless, economic theory and empirics have not yet finally provided answers
on the necessity of capacity mechanism. However, an analysis of different market designs’
risk structure might give indications for economic policy advice.

This paper addresses the long term challenges of electricity markets. First, the economic
theory of the missing money problem is outlined. Additionally, a risk assessment of differ-
ent market designs is pursued. Finally, we will conclude that both market and regulatory
risks are important issues of the discussion – and that capacity markets suffer from the
risk of wrong design but can be a device for regulatory commitment and, by that, reduce
regulatory risk for investors.

Theoretical Background

The electricity market price is the coordination instrument to balance demand and supply
in the short as well as in the long term. As electricity cannot – or at high costs only – be
stored, demand has to equal supply at all times. However, this is a challenging task be-
cause the load profile is characterized by high volatility. Nevertheless, generating capaci-
ties always have to be able to cover the varying demand. This implies that a small part of
the power plant fleet will maybe run just a few hours during a typical year. During these
operating hours, these plants have to earn sufficient net revenues to cover their fixed costs
which implies that prices have to be sufficiently high during these hours. In theory, during
those scarcity hours where generating capacity is fully utilized, prices will rise to the value
of lost load, reflecting the opportunity costs of involuntary load shedding for consumers
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(Joskow/Tirole 2007). Thus, in a perfect market, prices should yield the efficient level as
well as the efficient mixture of different capacities in the market (Joskow 2008). In conclu-
sion, perfect markets (with sufficient demand participation) would induce the adequate ca-
pacity level that optimizes the occurrence of blackouts (Cramton/Stoft 2008).

However, there are diverging views about the ability of energy-only markets to generate
sufficiently high prices to incentivize new investments as there might be market imperfec-
tions. There is a broad strand of literature showing that there might be reasons why elec-
tricity markets in the form of energy-only markets suffer from various imperfections and
are thus not able to ensure resource adequacy and an efficient outcome without regulatory
intervention (e.g. Cramton/Stoft 2006; Joskow 2008). However, from an economic per-
spective, a regulatory intervention is only justified in case of an actual or potential market
failure, i.e. the inability of the market to balance demand and supply. Thus, it has to be
proven that market failure is existent in energy-only markets.

The main causes of the problem are basically two demand side flaws which imply low
demand elasticity (Cramton/Stoft 2006). First, due to a lack of smart metering and real
time billing the majority of consumers is not able to monitor current prices and their elec-
tricity consumption. Even if smart metering is available it can be doubted that industrial
and household consumers are willing to switch to real time billing to a sufficient extent.
That is, most of the consumers have contracts with a fixed average electricity price and
thus they have no incentive to adjust their consumption behavior in times of high prices
when generating capacity is scarce. In addition, in times of scarcity also the supply side
becomes very inelastic, as the marginal supply bid includes the incremental cost of capaci-
ty (Cramton et al. 2013). Thus, during scarcity and an excessive demand any adjustments
to clear the market, i.e. a balancing of supply and demand, have to be made by the de-
mand side resulting in high prices. These scarcity prices are necessary for generators to
cover fixed costs and to induce sufficient investment incentives in the long term (Cramton
et al. 2013). However, this combination of supply that is (nearly) fully utilized and an ex-
cessive demand creates also large incentives for generators to exercise market power
(Joskow 2008). Concerns about the exercise of market power cause regulators to inter-
vene in the market by setting price caps (Cramton/Stoft 2006). However, these price caps
are often set too low so that not only the possibility to exercise market power is reduced
but also net revenues are reduced below the level necessary to cover fixed costs. This again
inhibits scarcity rents for generators and thus an overall profitable plant operation. This
context is called the “missing money problem” meaning that market prices are too low to
enable fixed cost recovery and thus to generate sufficient investment incentives (Cramton/
Stoft 2006).

However, even if prices would be sufficient and the market would achieve the economi-
cally efficient level of reliability, it might not be the socially or politically wanted level of
reliability (Spees et al. 2013). In order to maintain a high level of reliability and to be able
to cope with unlikely weather conditions, extremely high load or unexpected plant out-
ages regulators hold a reserve for those unlikely events. An energy-only market might not
be able to determine an – from a political perspective – sufficient level of this reserve mar-
gin and thus of reliability (Spees et al. 2013).

Thus, due to the missing demand side participation the consumers’ willingness to pay
for reliability is not reflected in market prices and the market fails in determining the ad-
equate level of reliability and the associated level of generating capacity (Cramton/Stoft
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2006). The missing money problem is less a regulatory problem than a problem of missing
demand side participation. Would there be sufficient demand side participation, markets
would be reliable and would always clear with only voluntary but no involuntary load
shedding (Cramton et al. 2013).

The second demand side flaw occurs from the fact that it is at the moment technically
not possible to monitor and to curtail the electricity consumption of individual consumers
in real time (Stoft 2002). Thus, in some instances, involuntary load shedding is necessary
to balance supply and demand. However, at present only large areas can be disconnected
technically from the grid. A curtailment of electricity consumption is thus independent of
whether consumers have a high or low willingness to pay for reliability. In consequence,
individual consumers consider the probability to be blacked out as exogenously given.
Thus, consumers have no incentives to invest in reliability measures because whenever
they invest neighbors would profit as well irrespectively of whether they also invest or not.
That gives reserves the character of a public good, indicating that private investments
would always be too low to ensure an adequate level of reliability (Joskow/Tirole 2007).
In the future, technological progress, particularly in information technology, might enable
system operators to reduce or cut off individual consumers, making this second demand
side flaw possibly less of a problem.

In case of an imbalance of supply and demand and a resulting blackout more people
than actually necessary are disconnected from the grid and the price for electricity is zero.
However this does not reflect the preferences or the willingness to pay of consumers re-
spectively generators. Thus, the market fails to reflect these preferences in adequate prices
and thus fails in incorporating the social costs of a blackout (Joskow 2008). In systems
with insufficient demand elasticity, markets are not able to determine the optimal level of
reliability themselves and are thus not able to induce sufficient investments because mar-
kets do not know anything about the value of reliability to market participants (Cramton/
Stoft 2006).

These arguments notwithstanding, the question of whether capacity markets are indis-
pensable for future electricity systems to work has not been answered definitely by econo-
mic theory yet. Therefore, we analyze different market designs’ risk structures to generate
new insights from a management science perspective.

Risk assessment of investments under different market designs

In liberalized energy markets, the risks associated with investments in generation capacity
lie predominantly with private energy generators. Expected cash flows and in particular
expected prices must be sufficient to provide a risk-adequate return of and on private in-
vestments. Thus, to obtain private funding for new investments in capacity (and to avoid
the abandonment of existing capacity) the risk-return estimates of investors are crucial.
Therefore, the risk assessment of investments under different market designs is a major is-
sue for the choice and consistent and credible design of a market.1

The risk assessment of investments might differ significantly between different market
designs. In most instances, energy-only markets are liquid for a limited time period, as for-
ward markets, where guaranteed delivery of energy is traded, usually only cover few years

3.

1 For the pivotal role of consistency and credibility as regulatory principles with regard to perceived risk
and investment incentives see Kretschmer et al. 2011.
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into the future, in any case a much shorter period than the long economic lifetime of most
generation capacity. Therefore, investors planning to invest in generation capacity have to
form their expectations about future energy prices. In particular, they have to form expec-
tations about whether potential price spikes in scarcity times will be sufficient to cover the
fixed costs of additional generation capacity. Even without any regulatory interventions,
their decision will depend on a number of uncertain (demand and supply side) factors that
drive the frequency, length and magnitude of price spikes.

Furthermore, if investors are skeptical about the political acceptability of sufficient price
spikes they will demand a very high risk premium for investments in generation capacity.
In addition, regulatory interventions (in particular, due to concerns of market power as
discussed above) would have to be excluded credibly which ultimately is not possible be-
cause of time-consistency problems (see Kydland/Prescott 1977). Due to his sovereignty
the regulator – and ultimately the legislator – cannot completely credibly commit to not
deviate from an announced course of action after investments have been made and thus
the possibility of regulatory hold-up by changes of the regulatory system cannot be ex-
cluded. If investors expect windfall losses with a certain likelihood (but no corresponding
windfall profits) they are exposed to an asymmetric risk that lowers the average expected
rate of return on their investments.2

The advent of renewable energy sources tends to increase these risks for investments in
generation capacity. In particular, when the feed-in of energy from renewable sources is
prioritized and guaranteed at fixed and subsidized rates as by the German Renewable En-
ergy Sources Act (EEG), the operating time of (marginal) conventional power plants tends
to decrease and also will be more volatile. In addition, the level of (peak) prices is lower
due to the merit order effect (i.e. the crowding out of fossil generation by lower variable
cost renewables) and prices also will be more volatile. Higher price spikes would be neces-
sary in the remaining operating times increasing the risk of regulatory interventions in the
form of price caps. As the treatment of renewable energies is subject to continuing discus-
sions they induce high uncertainty about prices, the energy mix and regulation (see also
Cramton et al. 2013).

With capacity markets and other capacity mechanisms, investments in generation capac-
ity draw cash flows from two sources (see also Monopolkommission 2013), revenues from
the energy-only market being supplemented by revenues from a capacity mechanism. In
principle, we would expect that risk is considerably higher in energy-only markets than in
case a capacity market is implemented (clearly when capacity payments are guaranteed),
because in energy-only markets the profitability of generating capacities depends on rather
uncertain and unsteady revenue streams. If a capacity market with fixed payments is im-
plemented, only part of the revenues still comes from the energy-only market. Hence, the
risk in total is reduced as capacity mechanisms are guaranteed over a certain period and
thus tend to reduce uncertainty. This general reasoning applies to both contracts and auc-
tion-based mechanisms. Contracts can be assumed to be particularly risk-reducing when
they determine capacity payments that are cost-oriented. Auctions also reduce uncertainty
as they give investors whose bids are accepted price information for a certain period (see
Spees et al. 2013).

2 For a discussion of asymmetric regulatory risks see Kolbe et al. 1993; and Pedell 2006.
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Frequently, capacity mechanisms are combined with a call option that allows the re-
sponsible authority to collect the difference between the electricity spot market price and
an exercise price fixed in the capacity mechanism from the energy generator. This element
is based on the rationale to avoid double rents from the energy-only market and the ca-
pacity market (Monopolkommission 2013). As a consequence, an interdependence be-
tween the cash flow streams from both sources is induced. De facto, this element is equiv-
alent to a price cap corresponding to the exercise price.3 Ceteris paribus, the volatility of
cash inflows is reduced (Joskow 2008). If this comes along with a reduction of the covari-
ance with the overall market risk, systematic risk and the cost of capital are reduced as
well. Furthermore the average level of revenues is reduced and the payoff structure be-
comes asymmetric. As just described, the upside potential of revenues is limited by a call
option but there is no corresponding floor on the downside. These effects have to be taken
into account when calibrating the entire capacity mechanism in a way that gives investors
sufficient investment incentives.

In the following, the effects of the choice of some elements of capacity mechanisms on
the risk of investors are discussed, i.e. the parameters that are fixed, the period of validity
and the lead time:

§ In principle, and without considering here all merits and drawbacks of different ap-
proaches, payments can be fixed or variable, either providing a fixed capacity premium
or a guaranteed price for capacity that is used during peak times (Joskow 2008; Cram-
ton et al. 2013). In the latter case, which is rather rarely suggested, the investor would
be exposed to a quantity risk that is eliminated in the first case.

§ Given the very long lifetime of most generation capacity, the period of validity of a ca-
pacity mechanism is a crucial factor for investment incentives. If the period of validity is
relatively short compared to the economic lifetime of generation capacity and there is a
relatively high perceived political or regulatory risk, the capacity mechanism runs the
risk to be ineffective. For existing generation capacity this is less problematic; on these
grounds, shorter periods of validity for existing generation assets seem justifiable.

§ The overall (target) capacity that is covered by a capacity mechanism can be more or
less stable beyond the period of validity of a certain contract or auction. The more un-
stable the capacity the higher tends to be the risk for the investor. Particularly, unilater-
al decreases of the target capacity covered by the capacity mechanism could be prob-
lematic for investors.

§ A longer lead time between the implementation of a capacity mechanism and its period
of application gives investors more planning reliability for the revenue side of their in-
vestment calculus.4 This tends to reduce investment risks. However, there is a trade-off
with higher uncertainty about the cash outflows (initial investment and operating ex-
penditures) which can make very long lead times unfavorable.

§ The inclusion of demand side management-activities in the capacity mechanism can re-
duce the price volatility (Spees et al. 2013).

3 It should be noted that despite the price cap, individual generators still have an incentive to provide
additional energy as they will receive the spot market price for it (see Cramton et al. 2013).

4 Apart from that, a longer lead time facilitates the participation of new entrants in the capacity market
(Joskow 2008).
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§ Another aspect can be a differentiated treatment of existing and new generation capaci-
ty with respect to the price. For example, the price for new capacity could be oriented
towards full cost, whereas existing capacity is only granted a small premium on vari-
able cost. As Cramton et al. (2013) point out, this is problematic as investors will antic-
ipate that new investment potentially will be treated differently ex post and will ask for
a contractual commitment covering this risk.

To sum up, investors in energy-only markets face significant market and regulatory risk.
With the introduction of capacity markets, a major fraction of the market risk for in-
vestors can be eliminated. However, the introduction of a capacity market and its com-
plexity can induce additional regulatory risk into the sector. For the individual investor,
this regulatory risk can be mitigated at least partly in a capacity market design with a
comparably long validity. Such a market can be interpreted as a means of increasing (regu-
latory) stability perceived by investors in an uncertain system.

Conclusions

Current energy markets may suffer from various imperfections, which prevent an efficient
price formation and, thus, sufficient investment incentives. In particular the lack of proper
demand response and the existence of explicit or implicit price caps may restrict necessary
scarcity rents for peaking capacities. As long as it is not possible to monitor and restrict
electricity consumption of individual consumers, investments in reserves have the charac-
ter of a public good which implies that the private investment level would be below the
socially wanted amount of reserves.

To give investors additional investment incentives the implementation of capacity mar-
kets is currently being discussed. Such markets ensure not only additional revenue streams
but also reduce the market risks for investors.

Due to the relatively high complexity of capacity markets it can be expected that there
will be changes to the market design and to relevant parameters – in particular shortly af-
ter the first implementation of such mechanisms. This might increase the uncertainty per-
ceived by investors. However, if the period of validity is long enough, i.e. the investors can
calculate with a relatively stable revenue stream, a capacity market might be an instrument
for reducing the risks perceived by investors and hence for facilitating the financing of in-
vestments in new energy generation capacity.

As the implementation of a capacity market is likely not to be easily reversible for politi-
cal reasons, its advantages and drawbacks have to be weighted very carefully and particu-
lar care has to be taken when designing a capacity mechanism. Our analysis contributes to
providing a sound economic base for the consistent design of capacity markets.
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