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To mothball or not to mothball?
The current power generation shift from carbon-intensive energy sources towards carbonneutral, intermittent sources such as wind and solar continues to be a priority throughout the EU.
This transition has consequences for the efficient design of power markets. Jan Bouckaert, Oxera
Associate and Professor of Economics at the University of Antwerp, and Geert Van Moer, PhD
Fellow of the Flanders Research Foundation, and University of Antwerp, discuss recent research
on the implications for investments in conventional power plants
The transition away from reliable base-load (e.g. coal and
nuclear) and dispatchable (e.g. gas) energy sources and
towards intermittent technologies has consequences for
the efficient design of power markets. It is possible that the
transition will be accompanied by a shift towards a market
that relies on capacity remuneration mechanisms
to guarantee security of supply.
This article discusses the consequences of the introduction
of intermittent power generation and the implications for
investments in conventional power plants. In particular, it
highlights that security of supply measures motivated by the
low profitability of dispatchable plants underestimate firms’
strategic motivations to install underused dispatchable
units.

What are the consequences of the
introduction of intermittent power
generation?
A typical characteristic of renewable energy sources,
such as wind or solar, is their intermittent nature. The
ability to generate power from these sources depends on
the necessary wind speed or sunlight, which are outside
the control of the supplier. At least two consequences
have resulted from the introduction of intermittent power
generation.
•

First, it has increased the need for dispatchable backup facilities to secure the power supply. For example,
in 2010 the New York Independent System Operator
assessed that the addition of 1 MW of wind removes
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only 0.2–0.3 MW of existing dispatchable resources
needed to meet the reserve requirements.1
•

Second, intermittent energy sources typically have
low to zero marginal generation costs and have often
enjoyed priority of dispatch. As a consequence, the
residual load profiles of conventional dispatchable
power plants have decreased considerably, leading
to a reduction in the plants’ profitability. Spain, where
windmills and photovoltaic solar panels generate 25%
of electricity consumed, provides a good example of
this phenomenon. Figure 1 overleaf illustrates that the
ratio of actual to potential generation (i.e. the capacity
factor) of Combined Cycle Gas Turbine (CCGT) plants
in Spain declined from 40% in 2004 to 11% in 2017, and
declined even further for fuel and gas plants over the
same period.2

Similarly, in Denmark, another frontrunner in intermittent
power, wind farms generated 38% of total electricity
consumption during 2016 at the expense of conventional
power plants.3
The drop in plant profitability has led firms to reconsider
maintaining the operations of their dispatchable plants.
During 2012 and 2013, major utilities planned or actually
closed 20 GW of CCGT capacity in the EU.4 Accordingly,
public interventions, such as capacity payments, have been
proposed or implemented (subject to state aid approval)
to guarantee sufficient returns from the capacity needed to
secure power supply.5 For instance, in the UK, payments
amount to £2.2 per MW per hour for capacity to be delivered
in 2018 and beyond.6 In the North East of the USA, capacity
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Figure 1 The capacity factor of CCGTs in
Spain, 2000–17

Figure 2 Subcontracts with intermittent
power generation

Source: Red Eléctrica de España (2017), ‘Statistical series’, http://bit.
ly/2DtCtzS, accessed 5 January 2018.

Source: Bouckaert, J. and Van Moer, G.

payments required to maintain the security of supply have
been estimated to be $6.87 per MW of capacity per hour in
2018/19.7

What are the consequences of the
reduction in the residual load profiles
of conventional power plants?
The direct effect of low residual load profiles of conventional
power plants is a reduction of profitability at the plant level,
which can undermine firms’ incentives to maintain or invest
in dispatchable units.
Despite the low profitability at the plant level, recent
research has shown that there is also an indirect, opposite
effect that favours investments at the level of the firm.8
Before the introduction of carbon-neutral intermittent power,
firms decided whether to diversify their power sources
following a non-strategic, cost-optimised trade-off between
fixed costs and variable costs. That is, base-load plants
with a high fixed-cost base run at the lowest variable cost,
whereas small, low fixed-cost peak plants are dispatched
only when needed, as a result of their high variable costs.
In a world where intermittent power sources represent
a significant proportion of total energy provision, powergenerating companies have strategic incentives to install
or maintain underused dispatchable units such as gas-fired
plants. Consider the simple example in Figure 2.
The figure illustrates two firms, A and B, each equipped with
a dispatchable technology (i.e. a conventional plant) and an
intermittent technology (i.e. a wind farm). Both firms have
contracted in advance how much power they will sell. Since
weather conditions are location-specific, not all intermittent
units are always available. For example, the weather
conditions where firm B is located could lead to an
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abundance of wind, while at the same time, conditions
where its competitor, firm A, is located could mean that
the firm is short of wind and needs to rely on its expensive
dispatchable units.
In such a framework, competing firms can gain from
horizontal subcontracting as follows. The (prime)
contractor, instead of activating its expensive gas-fired
plants, purchases low-cost power from its competitor’s (the
subcontractor’s) intermittent units. If firm A cannot generate
power from its intermittent source, and only has access to
its dispatchable units, its willingness to pay for outsourcing
to firm B equals at most just less than its cost of in-house
dispatchable generation. Accordingly, the mere ability to
dispatch conventional coal- or gas-fired plants credibly puts
an upper bound on the contracting cost.
As a result, dispatchable units, even if they are never used
for power generation, serve as credible protection against
hold-up and reduce contracting costs. An indicator of
plant profitability, such as the capacity factor, is therefore
insufficient to assess a firm’s returns from investing in a
dispatchable portfolio that complements its intermittent
portfolio. From a policy perspective, there are indirect
returns from dispatchable units at the level of the firm.
These indirect returns favour investments and contribute
to the public good problem of securing supply. They should
accordingly be taken into account, for example, when
countries choose whether and how to implement capacity
payment mechanisms.
Horizontal subcontracting or outsourcing between powergenerating firms typically takes place close to delivery,
for example on a day-ahead or intraday market, after
firms have undertaken long-term delivery commitments
with their end-customers or downstream retailers. This
physical trading between competing firms is already gaining
2
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significance because intermittent power generation, which is
growing, is imperfectly correlated. Indeed, Monforti, Gaetani
and Vignati (2016) analyse the synchronicity of wind power
production in a number of EU member states compared with
the EU average.9 They show that wind power production
in peripheral countries is less correlated with the rest of
the EU as compared with central European countries. In
2012, around two-thirds of the power traded on Elbas, an
important European intraday market, crossed borders.10

Conclusions
Today, policy choices often favour low-carbon (intermittent)
sources such as wind and solar. These sources have
enjoyed dispatch priority or extensive subsidies, for
example. As a result, conventional units have moved up
the dispatch curve (i.e. become more expensive relative to
the low-carbon sources).11 For example, gas-fired plants
operate fewer hours and may be mothballed due to their
high maintenance costs.
At the same time, however, these policies encourage
firms to shift generation from dispatchable units towards
intermittent units by outsourcing generation through

horizontal subcontracting. Gas-fired plants then serve an
important strategic purpose. Firms that are equipped with
inexpensive dispatchable generation are favoured, as they
attain the best subcontracting terms.
These insights offer a framework to analyse generators’
investment incentives as they increasingly come to rely on
intermittent power sources.12 From this perspective, there
is an important distinction between profitability at the firm
level and profitability at the plant level. Firms benefit from
having dispatchable facilities that operate few or even zero
hours per year, as it limits the contracting costs paid to
competitors.13 Thus, the revenues generated by peaking
plants need not cover the investment and variable costs.
Plant profitability is not a necessary condition for profit
maximisation, as a firm can maximise its profits by holding
idle generation capacity.14
Rather than closing down gas-fired plants, it may therefore
be necessary (although not sufficient) to provide only a few
hours of operation. Mothballing is not all about capacity
factors.
Jan Bouckaert and Geert Van Moer
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