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Abstract
To continue balancing supply and demand for power is
a growing challenge on Germany’s path to producing
80% of its electricity from renewable resources by 2050.
Large-scale investment into a range of technologies will be
required to provide the flexibility necessary for balancing.
This paper introduces a simple analytical framework
to evaluate the German legislator’s numerous efforts to
address this challenge. It then proceeds to make three
proposals as to how flexibility can be sourced more cheaply.
Priority should be given to measures that enable existing power markets to generate stronger rewards for
flexibility. We thus call for financial incentives for variable
electricity tariffs to elicit more consumer response and
for investment subsidies instead of feed-in tariffs for
more demand-oriented renewable power generation. If
additional explicit incentives for flexibility are necessary,
the paper makes some suggestions on implementing a
unitary market for flexibility.
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1 – Introduction
At least with respect to the electricity sector, it appears that Germany’s ‘energy transition’ is well
underway.1 Nuclear power plants are being shut down for a complete phase-out until 2022, following
amendments made to the Nuclear Energy Act in June 2011 in response to the Fukushima catastrophe.2
Renewable power generation is growing faster than planned, prompting the Federal Minister of the
Environment to consider raising the target for 2020 to 40% (Altmaier, 2012).3
Not all is well though. Among many obstacles to the energy transition, the most formidable one is
perhaps the rising challenge of balancing electricity demand with supply. As the share of fluctuating
renewable power generation increases, other components of the power supply system must adapt to
changing meteorological and market conditions ever more flexibly. It is the technical ability as well as the
willingness of these components to adapt which we term ‘flexibility’. To maintaining security of supply,
large-scale investment into a range of sources of flexibility will thus become necessary, in Germany as in
many other countries with similarly ambitious renewables targets. These sources are depicted at the top of
Figure 1. They include, but are not necessarily limited to, flexible power generation (renewable and
conventional), storage, international power trade, a closer interconnection of electricity with the thermal
energy and mobility sectors, and the electricity grid.
By heavily regulating the power industry, the German legislator has assumed a certain level of
responsibility for creating a legal environment that promotes investment into, and provision of, flexibility.
The optimal solution will ensure sufficient flexibility while keeping social cost at a minimum. As we will
argue, the political response to the challenge has been a recent tide of legislation, whose coherence and
suitability may be questioned.
This paper makes two contributions to improving the legal framework of the energy transition. First,
in section two, we help to structure the debate by categorising the existing legislative measures into three
broad approaches to procuring flexibility: reliance on energy-only markets, the creation of additional
markets for system services, and market intervention. We argue that the first and second approaches are
complements. Failing to take this property into account will preclude an efficient solution to the
challenge. The third approach, by contrast, is to be avoided if possible.
Second, we operationalise this general advice by making a set of concrete proposals in section three.
On the one hand, cheap additional flexibility is to be gained from amplifying existing market incentives –
power price fluctuations – by making them more visible to the relevant actors. We thus call for a financial
stimulus for variable electricity tariffs to elicit more flexibility from consumers and for feed-in tariffs to
be replaced with investment subsidies in order to improve incentives for flexible renewable power
generation. On the other hand, such a price-based approach entails quantitative uncertainty. To fill any
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A much abbreviated, German language version entitled ‘Flexibilität für die Energiewende’ will appear in Infrastrukturrecht.
We use the term ‘energy transition’ (‘Energiewende’) to refer to measures initiated by the German government pursuant to its
‘Energy Concept’ (Bundesregierung, 2010), especially legislative efforts since 2011. Despite its recent prominence, the term
was already popularised by Krause et al (1980), while the concept was described even earlier by Eppler (1975).
2 The amendments almost exactly replicate a decision to the same effect taken ten years earlier but reversed again in 2010.
3 According to Art. 1(2) of the Renewable Energy Act, 35% of electricity is to be procured from renewable energy sources by
2020, 50% by 2030, 65% by 2040, and 80% by 2050.
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remaining flexibility gap, we argue that the existing incentives should be supplemented with a unitary
market for flexibility. Section four concludes.

2 – Analytical Framework
2.1 – Demand and Supply of Flexibility
The German government has made it clear that the energy transition must not compromise the country’s
high level of security of supply (Bundesregierung, 2010). Therefore demand and supply of electricity
must continue to balance at all times.4 In the past, balancing was necessitated almost exclusively by
fluctuating power loads, which follow fairly predictable daily, weekly and seasonal patterns. The resulting
demand for flexibility in the system was met primarily by adjusting the output of fossil power plants.
As the energy transition progresses, a second component of demand for flexibility – as depicted at the
bottom of Figure 1 – gains importance: fluctuating feed-in from inflexible renewable energy sources, i.e.
those whose output depends on meteorological conditions and whose marginal cost of production is close
to zero. These two characteristics most prominently apply to wind power and photovoltaics (PV), which
form the backbone of any renewables scenario for Germany. Run-of-the-river hydropower is somewhat
less volatile and therefore less inflexible. Biomass and biogas technologies are per se not to be counted
among the inflexible renewables as their output is fully controllable. We will discuss later how artificial
incentives can, however, override the fundamental properties of these technologies.
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Demand for flexibility derives from the variance of residual loads, which equal power consumption minus
inflexible renewable generation. The growth of inflexible renewables adds to the demand for flexibility
both quantitatively and qualitatively. Not only must the system be able to absorb larger fluctuations of the
4

This is a sufficient definition of security of supply for the purpose of our analysis. Hurley et al (2013), by contrast, distinguish
four different dimensions.
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residual load, these movements will also occur at shorter notice than previously, certainly at shorter notice
than it takes to start up, say, a lignite-fired coal plant. For both reasons will the declining share of fossil
power generation eventually cease to suffice as the sole source of flexibility. A lowest-cost scenario of
flexibility provision will instead comprise a diverse mix of sources. Increasing the capacity of these
sources requires extensive investment. The exact allocation of investment among the components of the
power supply system should ideally satisfy the marginality condition of efficiency: The social (i.e.
including all externalities) marginal cost of providing flexibility should be the same across all potential
sources, and it should also be equal to the marginal cost of not consuming flexibility across the two uses
of flexibility at the bottom of Figure 1.
Such optimisation is hardly feasible, given the prohibitive information costs. Yet, the ideal solution
can and should serve as a useful benchmark. Minimising the cost of flexibility must be a prominent
objective among the energy transition’s many goals, given that flexibility is likely to constitute a major
cost factor. This objective however does not seem to feature too prominently in German policymakers’
minds. Recent legislative efforts convey the impression that legislators are hastily promoting the
provision of flexibility through any available means, without much regard to cost.
In the following subsections we define and characterise three approaches by which governments may
attempt to ensure that sufficient flexibility is provided in the power sector to maintain security of supply.
We further provide legislative examples of how successive German governments have sought to
implement them and we assess each of the approaches on the basis of two fundamental economic criteria.
Effectiveness denotes the degree to which an approach is able to generate enough flexibility, ignoring the
costs. Referring to efficiency, by contrast we ask whether any flexibility procured comes at low cost,
regardless of the quantitative outcome. From this assessment we derive, first, some general policy advice,
and second, our concrete recommendations for legislation.
2.2 – Private Markets
The first approach consists in the government’s reliance on the functioning of energy-only markets to
provide adequate incentives for the relevant actors to provide or not to consume flexibility. We label it
‘private markets’ because – in contrast to the second approach – both sides of these markets are
comprised of private actors.
Energy-only markets, be they spot or forward markets, reward only the sale of power, as opposed to
the availability of capacity or other system services. The price level is set by the marginal cost of the last
power plant dispatched to meet demand and will tend to adjust to balance supply and demand of
electricity. High prices signal times in which maintaining security of supply is comparatively difficult;
they reward increased power generation and penalise high consumption. The greater the variability of the
price level (spreads), the greater is the incentive for market actors to adapt their behaviour. The short-term
market rewards for behavioural change directly translate into long-run incentives to invest in flexible
technologies. Only the power grid, arguably the most important5 and cheapest6 sources of additional
flexibility, does not respond to price movements: In the short term, the available capacity is fixed; long-

5

The grid not only enables other sources of flexibility to function but furthermore delivers flexibility in its own right by
preventing regional imbalances and providing diversification across larger numbers of actors.
6 A ‘perfect’ grid emerges as the cheapest source of flexibility in many models of the future energy supply system (IZES, 2012;
neue energie 5/2013, p. 11).
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term incentives to invest in the expansion of the grid are subject to strict regulation and are largely
independent of the power markets (hence the dashed line in Figure 1).
In this laissez-faire approach, the role of the legislator is restricted to setting general rules that
constrain the options of private actors on the energy-only markets. In Germany, most of these rules are
contained in the Energy Industry Act (Energiewirtschaftsgesetz, EnWG). In art. 1(1) the Act lists security
of supply as the first of several objectives and then proceeds to regulate in detail the actions of, in
particular, electricity retailers and grid operators to ensure a reliable supply of power.
Significant research has investigated whether (regulated) energy-only markets can be expected to
deliver sufficient flexibility under any circumstances, but particularly in the face of rapidly growing
shares of renewables. Two strands of literature can be distinguished. The first one empirically examines
the incentives generated by such markets and the results in terms of available flexibility. Do German
electricity markets generate spreads that adequately reward the provision of, and investment into,
flexibility? The data suggest otherwise (LBD, 2011). Electricity price spreads are low in absolute terms
and have declined steadily over the last five years, not least due to the rapid expansion of photovoltaics,
whose concentrated feed-in around midday shaves off traditional price peaks.
Declining spreads most directly cloud the prospects of flexibility from storage plants, whose business
model depends on loading electricity when it is cheap and releasing it during peak hours. Consequently, a
number of such plants are currently being considered for shutdown (neue energie magazine 10/2012). In
combination with falling average wholesale price levels, which are equally due to increased renewable
feed-in (merit-order effect), lower spreads also affect flexible power generation. Both developments
reduce the number of hours that peak-load power plants will run and impose on them a more inefficient
mode of operation. The effects are notable. In the first half of 2012, none of the utility EnBW’s gas power
plants were ever called upon7 and the company consequently announced plans to close two plants in July
2013.8 Almost half of the conventional power plants in North Rhine-Westphalia are said to be facing
premature shut-down.9 Construction projects are regularly being cancelled in the planning stage due to the
deteriorating market conditions (neue energie 2/2012).
Such anecdotal evidence can be supplemented with systematic simulations of the power markets.
Based on current market conditions in Germany, LBD (2011), BET (2011) and Matthes et al (2012)
estimate that margins are barely sufficient for old, written-off coal-fired plants. Any other type of power
plant is liable to operating at a loss; new projects are “nowhere near” profitability (BET, 2011, p. 35).
Producers are facing a loss of market power due to the arrival of new players and the need to reduce
excess capacities accumulated in the pre-liberalisation period (Diermann et al, 2012). Margins are further
depressed by the obligation to buy all emission permits since 2013 (Matthes, 2012a) and a 70% price
increase for fossil power plants over the last ten years (Matthes, 2012b).
Perhaps, though, the observed low levels of prices, spreads and investment into flexibility are not a
sign of energy-only market failure but rather a reflection of the fact that flexibility is not yet scarce. So the
ultimately more important question is whether we can expect the market mechanisms to produce the
desired outcomes in the future when the continued growth of renewables renders flexibility the bottleneck
of the energy transition. In more sophisticated simulations, electricity prices are endogenous so that the
models are able to take into account expected market developments. Studies by BET (2011), Consentec
7

Remarks by Susanne Nies, Head of Unit Energy Policy and Power Generation, Euroelectric, made at the the Öko-Institut
conference, September 13, 2012, Berlin.
8 See www.n-tv.de/ticker/EnBW-legt-Kraftwerksbloecke-still-article10946041.html.
9 See www.spiegel.de/wirtschaft/unternehmen/haelfte-aller-kraftwerke-in-nrw-droht-vorzeitige-stilllegung-a-869164.html.
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(2012) and EWI (2012) are, to different degrees, pessimistic. The results heavily depend on parameter
choices. EWI (2012) is apparently able to arrive at mixed results only because of disputable assumptions,
including the availability of carbon capture and storage technologies from 2025 onwards and the
expectation of substantial revenues on the balancing markets.
The second strand of literature relies on economic theory. If the current adverse environment for
investment into flexibility is the result of a fundamental market failure, then no process of self-healing
can be expected. Under this view, the rapid expansion of renewables merely acts as a catalyst to highlight
problems which will materialise sooner or later in any event. In concurrence with this perspective, we see
subsidy schemes for power generation or flexibility in operation or preparation in a number of countries
that have only very modest renewables targets (Matthes, 2012a). Economic theory suggest a number of
reasons for potential energy-only market failure (Müsgens and Peek, 2011; Cramton and Ockenfels,
2012). First, very low elasticities of both power demand and supply (beyond maximum capacity) give rise
to the “missing money” problem: For power plants to recover fixed cost, prices would in times of scarcity
have to rise to levels that may be deemed politically unacceptable. Second, given that the individual
consumer’s willingness to pay is unknown, security of supply has some characteristics of a public good,
which entails the likelihood of under-provision. Third, though investors are assumed to act on rational
expectations, forecast errors and strategic behaviour coupled with very long planning horizons can result
in capacity gaps. Based on such theoretical considerations, a number of studies see strong indication of
market failure (e.g. Cramton and Ockenfels, 2012; LBD, 2011; Matthes, 2012a; Diermann et al (2012) see
an ‘emerging consensus’) while others (Böckers et al, 2012; Ecofys, 2012; Maurer, 2012; Müsgens and
Peek, 2011) do not. Opinion is also divided as to whether the progressing energy transition will help
(Ecofys, 2012) or rather hinder (e.g. LBD, 2011) the performance of energy-only markets.
Utterly unrelated to such considerations of effectiveness is the question whether energy-only markets
can provide flexibility efficiently, i.e. at low cost. Here the laissez-faire approach fares much better.
Electricity price fluctuations, the essential incentive for flexibility, are a by-product of energy-only
markets and are thus available at no extra expense. They potentially stimulate competition across the
sources and uses of flexibility, both for short-term market behaviour and for long-term investment into
flexible technologies. However, the ability of energy-only markets as implemented in Germany to provide
a least-cost solution to the challenge of flexibility is severely curtailed by the fact that price signals are not
received by all relevant actors. As already mentioned, electricity grids as the most important source of
flexibility are isolated from competition for spreads. An all-encompassing market model of flexibility that
yields the optimal level of grid expansion remains evasive. But, as we will discuss in more detail later,
even power generation and consumption are in large parts not subject to price signals due to market
practice and regulation which is not yet geared towards promoting flexibility.
2.3 – State Markets
Blind faith in energy-only markets is not a relevant scenario for policy. The legislator has long used a
second approach to sourcing flexibility, which we refer to as ‘state markets’ - while the supply side in
these markets is comprised of private actors, demand derives solely from legislation. The German
legislator has proceeded as follows. Art. 12 EnWG assigns the duty to uphold security of supply to the
Transmission System Operators (TSOs). The TSOs are to achieve this obligation through a number of
means, but in particular by creating additional markets for system stability services. They will hold
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routine auctions for these services and pass the cost on to consumers via the network charges. The most
important provisions of the EnWG in this respect are:
 Art. 13 in conjunction with art. 22 tasks the TSOs with creating markets for balancing energy.
 Art. 13(4a,b) sets the stage for the Directive on Load Shedding (Verordnung zu abschaltbaren
Lasten): The TSOs are to create a market for industrial-scale demand response.
 Art. 53 authorises the government to establish procedures for the public tender of new capacities in
power generation, demand side management or energy efficiency.
While some of these provisions have been in place for a long time, the scope for state markets was
extended substantially with the latest reform of the EnWG in 2012.
For state markets to be effective, the TSOs must be able to assess accurately how far energy-only
markets fall short of producing sufficient flexibility; they must be able to determine the ‘flexibility gap’.
They must further specify a set of stability services that will provide enough flexibility to close the gap.
Once that specification has been done correctly, procurement through public tenders should yield the
desired result with great quantitative certainty. Have the German TSOs been fulfilling their obligations
effectively? The county’s high level of security of supply would suggest so.
Once again, the efficiency of this approach must be discussed separately. Two sets of questions arise.
First, doubts may be in order as to how diligently the TSOs can be expected to perform a task to which
they are legally obliged but whose quality of performance has little impact on their payoffs. This
constellation entails ample scope for principal-agent-problems.
Second, even if the TSOs did exert full diligence, the degree of efficiency with which they can
procure flexibility is limited by the way the state markets are implemented. These markets generally
address only one specific source or use of flexibility. The market for load shedding, for example, caters
only to a small group of actors – large electricity users who can reduce their consumption by at least
50MW. The balancing markets by contrast are open to both producers and users of flexibility; however,
the conditions for participation are much more limited than, for example, in parts of the United States
(Hurley et al, 2013). So competition for flexibility across different technologies is again severely
restricted. While we may or may not trust the TSOs to create effective competition within each of these
markets, they cannot be expected to design and to dimension a set of such markets that maximises
competition across all sectors and thus minimises the cost of flexibility. For these reasons the state market
approach as currently implemented in Germany is unlikely to yield a least-cost solution.
2.4 – Market Intervention
Under the first approach, private markets, we have characterised the role of the state as issuing general
rules to guide the behaviour of actors in energy-only markets. Importantly, these rules are formulated ex
ante, i.e. before market outcomes materialise, and they apply to all actors of a given type (power retailers,
grid operators, etc.). In addition, the legislator also sanctions a set of actions, which we shall refer to as
‘market intervention’, that aim to change market outcomes ex post. Here certain transactions by individual
actors are prescribed or banned ad hoc when security of supply is seen to be threatened. The approach
thus consists in changing behaviour in isolated cases from what it would otherwise be, given market
incentives and the applicable regulation.
The German legislator has delegated the task of market intervention to the TSOs, at times backed by
the BNetzA. The EnWG contains the most important provisions:
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 Art. 13(1a): The TSOs may order any power or storage plant of 10MW or more to increase or reduce
its output. This includes orders to start up plants that are currently not operational in return for
‘appropriate compensation’.
 Art. 13(1b): Any plants that receive compensation for remaining operational must be at the TSO’s
disposal to ensure security of supply for five years (‘grid reserve’). Details are specified in the
Directive on Reserve Power Plants (Reservekraftwerksverordnung, ResKVO).
 Art. 13a: Operators of power or storage plants over 50MW must apply to the TSO and BNetzA one
year in advance for decommissioning. Plants considered relevant for system stability may be denied
decommissioning for up to 24 months, during which time they remain at the disposal of the TSO.
 Art. 13c: The TSOs backed by the BNetzA can order gas-fired power plants to switch fuels.
Similarly to state markets, while the TSOs have long had certain authority to control private market
actors, the scope for such intervention has been extended dramatically in connection with the energy
transition: Of the articles listed above, only art. 13(1a) existed before December 2012. The provisions
enable the government, through its agency (BNetzA) or through agents under its regulation (TSOs), to
command large parts of the power sector. This development is remarkable in that it is attributable to a
supposedly pro-market administration.
Turning to the economic assessment of this third approach, once more we look at its effectiveness
first. As with state markets, the TSOs must accurately quantify the flexibility gap. Then they need to
decide which specific interventions will yield the required amount of flexibility. The reliability of
Germany’s energy supply again suggests that the TSOs are performing theses tasks effectively, at least in
the sense that we have enough flexibility in the system at all times. Whether the current use of market
intervention is perhaps excessive is, however, difficult to evaluate.
Addressing in turn the issue of efficiency, the issue of TSO diligence again comes into play.
However, at least two additional source of potential inefficiency must be mentioned here. Firstly, in
contrast to state markets, where the legislator determines which general classes of sources and uses of
flexibility are to be employed, here the TSOs pick individual actors within each class and even single out
individual actions. How can the TSOs know that the specific actions they target are those whose
prohibition or instruction minimises the social cost of procuring flexibility? They cannot; the information
costs are prohibitive. Secondly, again in contrast to the state market approach, exercising any of the
interventionist measures mentioned involves a degree of involuntariness. The addressees would have
acted differently in the absence of intervention. The ‘appropriate compensation’ is most unlikely to
exactly make the recipients indifferent, as efficiency would require. In most cases, either windfall profits
will be realised at the expense of electricity consumers or the addressees incur losses, which may in the
long term drive them out of the market altogether.
2.5 – Policy Implications
This section provides a tentative summary assessment of the three approaches. We derive some general
policy principles, of which the concrete legislative proposals in section three are mere examples.
Though we have argued only on the basis of basic economic principles, it seems safe to establish that
market intervention is the least efficient of the three methods and should therefore be used at most as a
last resort. To some extent the German government appears to share this opinion, describing the ResKVO,
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which sanctions substantial intervention, as only a temporary fix.10 Then again it is this very government
that has in recent months considerably expanded the scope for intervention.
The relative merits of the first and second approach meanwhile are at the centre of intense scientific
and political struggles, as evidenced by the debates about the necessity of capacity mechanisms. At times
ideologically fuelled and interest-driven, such discussions on the sufficiency of energy-only markets often
overlook a very important fact: Private and state markets can in fact be strong complements, filling in for
each other’s weaknesses if combined well. Energy-only markets produce incentives for flexibility – price
fluctuations – virtually for free. What they cannot deliver though, according to the majority of scientific
opinions, is quantitative certainty. However, that certainty is indispensible. The energy transition is
formulated in quantitative terms and security of supply is its primary constraint.
State markets, on the other hand, given that they are typically implemented as quantity-based
schemes, will yield exactly the amount of flexibility tendered in auctions, albeit at a much higher cost.
They can thus compensate for the shortcomings of private markets, at least to the extent that the flexibility
gap can be determined accurately. An important policy implication follows immediately from this: The
flexibility gap should be reduced as much as possible in order to minimise the cost of buying the missing
flexibility through state markets. These state markets should in turn be as comprehensive as possible to
maximise competition across all sources and uses of flexibility. This postulation motivates our
suggestions for a market for flexibility in the next section.
To reduce the flexibility gap, the existing price signals from energy-only markets should be able to
exert their full effect on incentives for flexibility. For that to be the case they must be received by all the
relevant actors. As it happens, though, the two primary components of demand for flexibility – inflexible
renewable generation and electricity demand – are so far for the most part shielded from electricity
market risk. In both cases, price fluctuations are borne by intermediaries on whom the valuable signal is
lost. We next address each of these two areas in turn.

3 – Proposals
3.1 – Renewables Support Scheme
The renewables support scheme in Germany is under constant attack, most of the time from parties who
covertly or openly aim to reduce the support or abolish it altogether. This is not our agenda. Renewable
energy continues to depend on financial support if Germany is to achieve its targets – at least as long as
other sources of power are not charged the full external costs they cause. We take no position on the
overall subsidy level but will argue that the mechanics of the support scheme must be changed for the
sake of flexibility.
At first glance the notion of procuring flexibility from renewables may seem odd. Certainly the
output of wind power and PV will always depend on meteorological conditions, making these
technologies consumers of flexibility. The same applies to run-of-the-river hydropower, albeit to a lesser
extent, but not to biomass and biogas power plants. We shall focus on the latter as the more flexible of the
two technologies. Biogas plants, unlike wind turbines for example, use a fuel that is storable and carries a
10

See the press statement to accompany the passage of the Directive on June 12, 2013, at www.bmwi.de/DE/Presse/
pressemitteilungen,did=580648.html. The Directive accordingly expires by the end of 2017.
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market price. This means that there is a value to not producing energy at any given time. The output of
these plants is adjustable at short notice and, furthermore, they yield an intermediate product (gas) which
is easily storable. These properties make biogas plants ideal peak-load power plants and suppliers of
flexibility.11
However, the feed-in tariff provides no incentive for operators to adjust their output to current market
conditions. Since every unit of electricity produced is remunerated with the fixed feed-in tariff, renewable
power plants usually run at the maximum output permitted by meteorological conditions or technical
constraints. This leads to the inefficient situation where renewables feed into the grid even when prices
are below marginal costs of production, increasingly resulting in negative prices on the power exchange
(Gawel and Purkus, 2013) – an economic absurdity. Even biogas plants typically operate at maximum
capacity throughout and are accordingly designed only for such a mode of operation. They appear as
consumers of flexibility, rather than as suppliers. Generally speaking, feed-in tariffs override fundamental
economic and technological factors which, if allowed to play out on the market, could result in
renewables consuming less and producing more flexibility (Klessmann et al, 2008).
The renewables support regime was substantially amended by a new version of the Renewable
Energy Act (Erneuerbare-Energien-Gesetz, EEG), which became effective on January 1st, 2012. The
changes were expressly intended to induce more demand-oriented renewable energy generation (neue
energie 3/2012). The new EEG introduced the so-called ‘market premium model’ (Art. 33g): The
renewable energy must be marketed on the power exchange or to third parties. In addition to any proceeds
from that sale, the operator is paid the ‘market premium’, which equals the difference between the feed-in
tariff and the monthly average wholesale price. Furthermore, a ‘management premium’ is paid to
compensate producers for the added cost and risk of marketing (Art. 64f(3)). Biogas plants can
additionally claim a ‘flexibility premium’ (Art. 33i) subject to certain conditions.
Although the model does expose producers of renewable energy to price fluctuations and thus
improves incentives for flexibility, a number of aspects prevent it from doing so very effectively:
 The model is optional; the feed-in tariff is still available.
 To earn the market premium, producers need not expose themselves to price fluctuations. The energy
may for example be sold under a power purchase agreement, with no incentives for flexibility.
 To earn the flexibility premium, biogas plants must merely prove they are technically able to operate
flexibly. Actual delivery of flexibility is not required.
 Producers at most bear the risk of price fluctuations within a month. The model provides no
incentives for longer-term flexibility.
 The relevant sections of the EEG and the associated directives are fairly complicated, entailing high
transaction costs and thus less renewable energy and flexibility produced.
Many commentators hold that the market premium model has yielded little flexibility at substantial cost estimated at € 460 million in 2012 (e.g. Gawel and Purkus, 2013). In the first year more than 80% of wind
energy capacities – a technology that is inherently inflexible – switched to the market premium model
while the quota stood at only 10% among biogas plants – the best-suited providers of flexibility. These
figures are strong evidence of windfall profits (neue energie 12/2012, 1/2013).

11

To the extent that most biogas plants operate in cogeneration mode and the heat produced is used locally, sufficient heat
storage capacity is required for the plant to adjust flexibly to current power market conditions.
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The legislator can do better. A reformulation of the EEG should focus more systematically on the
incentives for renewables to produce flexibility, or to consume less of it. Specifically, financial support
should be available only to those producers who expose themselves to significant price fluctuations on the
spot, forward or balancing markets. The support should take the form of a lump-sum investment subsidy
that is paid as a certain amount per new capacity installed.12 Like the feed-in tariff, it may depend on any
number of technological, site-related or other factors so that the legislator retains some control over
renewables growth in each sector.13 Also like the feed-in tariff, the investment subsidy declines
periodically to keep track with technological progress. Although there is some limited experience with
capacity-based renewables support schemes in other countries,14 the need for a scheme that substantially
increases the renewables’ involvement in maintaining system stability is nowhere as great as in Germany
with its advanced level of renewables penetration and ambitious plans.
Changing the support scheme in such a way could significantly improve the operators’ incentives for
flexibility in the three stages of a power plant’s life. Firstly, once the investment has been made and the
subsidy has been paid, generators will have undistorted incentives regarding when to feed into the grid.
Secondly, the decision as to when the plant should be closed or replaced will be taken on the basis of
market forces, rather than based on the arbitrary duration of the feed-in tariff.15 Thirdly and most
importantly, we may expect the investment subsidy scheme to encourage renewable power plant designs
that allow for much more flexibility of the type that the market actually values. Operators will decide how
much to invest in the plant’s flexibility based on the market value of flexibility (price spreads), rather than
based on what the EEG requires of them to reap a premium.16 The design implications are straightforward
for biogas: If money is to be earned by providing flexibility, we will see plants with larger generators and
more storage capacity for gas and heat. Similar effects are to be expected for biomass, geothermal energy
and concentrated solar power.
Less obviously, there is ample potential for designs that consume less flexibility even for such
inherently inflexible technologies as wind power and PV. Generally speaking, changing the subsidy
scheme in this way means incentivising renewable power plants to maximise the value of their output
rather than maximising the quantity produced, as under the feed-in tariff. Accordingly, we might see wind
turbine designs whose power curve is optimised for low wind speeds, when electricity prices tend to be
high. PV modules, which have so far almost exclusively been installed facing south, might begin to face
south-west to capture more of the late afternoon price spike. They would thus make a greater contribution
to covering peak demand and reduce the need for expensive flexibility from, say, new gas power plants.
Finally, the new subsidy scheme may elicit the development of flexibility technologies among the
renewables that the legislator cannot even anticipate at this stage.

12

We take no position as to whether the size of the subsidy should be specified by the law or determined through public tenders,
as advocated e.g. by Bode and Groscurth (2011).
13 A technology neutral support system, such as the quota scheme proposed by RWI (2012), would fail to take into account
expected relative cost reductions. It could therefore yield the efficient mix of renewables only by chance, given the complex
interactions and externalities among the different generation technologies, the electricity grid, etc.
14 Boute (2012) analyses Russia’s current transition towards a capacity-based scheme.
15 Matthes (2013) proposes a model of annual capacity payments for renewables which entails the same distortionary influence
on plant life as the feed-in tariff: It may artificially keep plants in operation which efficiency requires be shut down, e.g.
because the site can be put to a better use.
16 The current EEG’s ‘premium for remote controllability’ according to Art. 2(2) of the Management Premium Directive
(Managementprämienverordnung) is another example of the legislator attempting to fine-tune private actors’ behaviour while
the same effect could be achieved simply by exposing these actors to market risk.

http://www.bepress.com/gwp/default/vol2013/iss1/art1

Häseler: Procuring Flexibility to Support Germany's Renewables

11

The size of the subsidy must be chosen wisely. It must take into account that different renewable
technologies can profit from price fluctuations to different degrees. To maintain the current level of
investment stimulus, the subsidy may have to include a risk premium relative to the feed-in tariff. The
predictability of proceeds under the tariff is often quoted as one of the success factors of the existing
model. At a closer glance, though, it is not evident why a lump-sum subsidy should entail greater risk for
investors. Today investors face zero price risk but full quantity risk. Under the new scheme they would
face both price and quantity risk – but only for the proportion of their investment that is not already
covered by the subsidy. The resulting effect on risk is therefore ambiguous. It depends chiefly on the size
of the subsidy relative to subsequent market earnings. For biogas, a rough calculation suggests that the
subsidy would have to amount to about half of investment cost, given that current wholesale electricity
prices are about half of the feed-in tariff.
Besides the model’s positive effects on flexibility, its advantage also lies in its simplicity: The
subsidy consists of one component instead of up to four; it must be calculated and paid out only once
instead of 240 times; it depends on far fewer parameters, etc. Transaction costs are thus greatly reduced.
3.2 – Variable Consumer Tariffs
Like renewable generation, power consumption appears almost exclusively as a consumer of flexibility
and is for the most part free of any economic pressures to respond to current market conditions. This is
regrettable in that often the social cost of not consuming flexibility is lower than the social cost of
producing it. At least this is the assumption that underlies numerous scenarios of the future energy system
which incorporate demand response or demand side management (DSM), e.g. Bundesregierung (2010) or
Deutsche Umwelthilfe (2010).
It will be helpful to clearly distinguish between two different sets of motives for electricity users to
adjust the timing of their consumption to current market conditions. On the one hand, the legislator can
provide explicit payments for flexible consumption through state markets. Several schemes exist for
large-scale industrial users. They are eligible to participate in the balancing markets, may receive
payments under the Load Shedding Directive and can under art. 14a EnWG negotiate a reduced network
charge in return for allowing the TSO to reduce their loads. None of these opportunities are available to
households and other small users.
On the other hand, in accordance with the first approach discussed in the previous section, electricity
price fluctuations can provide implicit incentives to shift consumption from high to low price periods.
Three conditions must be met for such intrinsically motivated load shifting to occur. First, electricity
tariffs must be available that expose the users to significant short-term price risk while allowing them to
reduce their electricity bills. Second, time-of-use electricity meters must be in place so that consumption
can be recorded in real time. Third, the inconvenience of being responsive must not outweigh the
potential monetary gain. For that to be the case, the task of finding the optimal demand response should
be automated to some extent, which necessitates smart appliances and control technologies. Surveys show
that consumers will consider adopting variable tariffs only if the necessary technology is available at low
cost and easy to use (Dütsche et al, 2012).
These conditions are partly fulfilled in the commercial sector. Many businesses have the required
infrastructure. Estimates suggest that 30 GW (Consentec, 2012) or 60% (Müsgens and Peek, 2011) of
Germany’s power consumption rely on time-of-use metering. Energy Management systems are employed
by ever more businesses, not least because their use is a precondition for a reduction in the renewables
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surcharge under art. 40f EEG. Some of the biggest users purchase their electricity directly from the power
exchange and thus expose themselves to price risk. Most contracts however continue to be based on
maximum loads; they incentivise users to smooth their consumption over the day. A flat load profile may
have technical merits and it did facilitate balancing in the old system that was characterised by large
must-run capacities. The energy transition, however, demands load profiles that will adapt to power
generation profiles.
By contrast, the three conditions are rarely met among small users. Households are almost
exclusively on flat electricity tariffs that give them no incentives to adapt their consumption behaviour to
current market conditions. At best, the tariffs will distinguish between set peak and off-peak periods, as
do most electricity rates for residential heat pumps (neue energie 4/12). This distinction is losing its
meaning as wind energy production is largely random and PV breaks traditional daily peak/base patterns.
Fictional electricity markets were created in a number of regional studies to test the response of
households to price fluctuations. Examples from Germany include RegModHarz (IWES, 2012), EDeMa17
and Intelliekon (Fraunhofer ISE, 2011).18 Faruqui and Palmer (2012) summarise results from 126
experiments with dynamic pricing across three continents, finding considerable demand response.
The limited availability of meaningful variable power tariffs continues to be the main obstacle to
appreciable demand responsiveness among small users in Germany. Art. 40(5) EnWG has been requiring
electricity retailers to offer variable tariffs to encourage more flexibility from consumers since 2008.
According to consumer portal Verivox, in autumn 2012, 91 of the 100 largest electricity retailers offered
variable tariffs in accordance with the article.19 However, the majority of these (51) merely differentiated
between pre-defined base and peak load times. Such tariffs have long been available and are of limited
value for flexibility, as argued above. Thus the regulatory approach has not been very effective. IWES
(2012) share this assessment and, in response, propose to tighten the regulation. We suggest instead that
an initial financial stimulus for such tariffs may be a more useful means of convincing retailers to offer
tariffs that are both attractive to consumers and meaningful in the sense of the energy transition.
Legislators might proceed as follows.
They define minimum standards for variable electricity tariffs that closely reflect the difficulty of
maintaining security of supply at any given time. For example, the tariffs could be defined and advertised
as a mark-up over the quarter-hourly wholesale price. The mark-up would cover any expenses and profits
of the retailer plus any taxes and surcharges. The standards would also comprise requirements regarding
consumer information and pricing transparency, data exchange and protection, etc. Tariffs that meet these
standards will be eligible for a reduction in one of the electricity price components the legislator has
control over, i.e. the electricity tax, network charges or the renewables surcharge. Adding the cost of the
subsidy to the electricity bill of those users who choose to remain on fixed tariffs would increase the
effect and reduce any budgetary impact.
The financial inducement would nominally accrue to consumers but, depending on the degree of
competition, retailers will reap a share of it. By enabling them to participate in the benefits, this scheme
may have better chances of inducing cooperation from utilities than the regulatory approach. To providers
17

www.e-dema.de
Interestingly the Intelliekon project also showed that exposing users to price risk and making them constantly aware of the cost
of their actions can significantly reduce power consumption. Flexible tariffs may thus be valuable not only for flexibility but
also for energy efficiency. This effect was recently confirmed by Schwartz et al (forthcoming) and is exploited in reverse
fashion by utilities trying to smooth their customers’ power bills to make them less aware of their consumption: Sexton (2012).
19 www.verivox.de/nachrichten/variable-stromtarife-weiterhin-wenig-attraktiv-89979.aspx
18
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of smart technologies, the announcement of such an inducement signals an imminent increase in demand
for their products, allowing them to invest in research and development to reduce the cost of consumer
response. The inducement could thus help to solve what currently appears to be a three-way first-mover
problem among technology providers, electricity retailers and consumers: No side wants to embrace DSM
unless there is a credible signal that the other players will move simultaneously. An inducement for
variable tariffs could be that signal. Once the tariffs, technologies, procedures and behavioural patterns
are established, it should be possible to phase out the inducement.
The effectiveness of variable tariffs will be limited by the fact that three quarters of the average
household electricity price are comprised of taxes and surcharges which do not vary with daily market
movements. In consequence, price variability dampened and the consumers’ benefits from providing
flexibility are reduced. Experiments suggest that the price spreads that result from allowing only the
wholesale price component to vary will not suffice to elicit significant demand response (e.g. IWES,
2012; similar observations also in Matthes et al, 2012).20 We propose that a legislator who is concerned
about insufficient price variability could increase spreads by defining some of the surcharges in valueadded terms instead of per-unit terms. The renewables surcharge, for example, could be transformed into
a percentage mark-up on each quarter-hour’s electricity price. By choosing which of the fixed
components of the electricity price to make flexible, the legislator can attempt to create the desired level
of price variability and, thus, flexibility from consumers.
3.3 – A Market for Flexibility
Just how much cheap additional flexibility these two measures can extract from energy-only markets is
impossible to say. The new subsidy scheme for renewables, for example, would take 20 years to develop
its full effect, and we do not even know exactly what that effect will be. Even if the general principle
underlying these measures – that all price risk should be borne by those to whom it provides incentives
for flexibility – were applied universally, some flexibility gap may remain. Yet the mere possibility of
such a gap existing is something that a legislator concerned about security of supply cannot tolerate. State
markets are principally suited to closing that gap. However, the fashion in which they have been
implemented in Germany arguably prevents them from procuring flexibility at low cost, the main reason
being the lack of competition among the individual markets, i.e. across the different sources of flexibility.
Our third and final proposal is therefore that security of supply should be guaranteed by means of a
unitary, comprehensive Market for Flexibility (MfF) which simultaneously replaces the existing state
markets and exceeds them in scope. Given that the MfF bears some similarity to a number of schemes
that are already being discussed, we shall not depict the model in full but rather concentrate on those
design features that distinguish the MfF from the relevant literature.
The market will be set up and operated by a central authority established by the legislator. The duties
and powers of this ‘Coordinator’ hardly exceed those which the EnWG bestows upon the BNetzA and the
TSOs already today. We use a unitary actor merely to simplify the exposition; its functions could equally
be performed by several actors, existing or new.
Much like the TSOs in the current system, one of the Coordinator’s most important tasks will be to
form an expectation of the flexibility gap. Based on this projection, the Coordinator must decide how
20

Verivox report that a consumer who shifts 10% of her electricity use from high to low price periods can earn annual savings of
€25. This compares to the cost of a new meter of €80 to €150. See www.verivox.de/nachrichten/variable-stromtarife-weiterhinwenig-attraktiv-89979.aspx.
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much flexibility to buy in the market each year. (Again, annual auctions are assumed merely for the sake
of simplicity; shorter intervals may in practice be preferable.) Assume that the rules of the MfF are laid
down in year t. In t+1, the Coordinator might hold the first set of auctions for flexibility to be delivered in
each of the years t+3 through, say, t+12. The Coordinator must make sure to buy enough flexibility to
maintain security of supply in t+3. In subsequent years, however, the volume of the auctions can
increasingly remain below the expected gap because any missing amounts can still be bought in later
years when uncertainty about the size of the gap has been reduced due to better information. Accordingly,
in t+2 the Coordinator will buy flexibility for delivery in t+13 well short of the expected gap, plus any
residual amounts in years t+4 to t+12 which, according to new information, can be purchased safely
without the risk of over-provision.
The winning bidder of each auction receives the promise to be paid – after delivery – the market
price of flexibility in return for their promise to be available in the given year to increase their output or to
reduce their consumption by a certain amount, for a certain duration and with a certain lead time. The
winner’s conduct on the existing power markets is otherwise unaffected.
The technical requirements of grid stability will dictate to what extent the market must comprise a
range of different flexibility products, for example referring to different periods of application: seconds
versus minutes, hours or days. Product differentiation may therefore be similar to the balancing markets,
which the MfF will replace. Any capacity that can credibly demonstrate the ability to deliver flexibility as
specified in a certain auction is eligible to bid. Power generation, DSM and storage capacities are to be
treated equally if they can make the same contribution to balancing. Small capacities may form bidding
consortia to reduce transaction costs. Capacities that are not yet operational at the time of the auction must
convince the Coordinator that they will be available in time. Contracts that cannot be honoured can be
returned only to the Coordinator; penalties may apply. By prohibiting resale, the Coordinator ensures that
contracts are held only by parties that are physically able to deliver the specified flexibility. The
Coordinator is given wide discretion concerning the design of the (potentially regional) auctions to obtain
the required flexibility at the lowest possible cost. Finally, it should be clear that the MfF does not, as
envisaged by some other models, provide the winning bidder with a guarantee of profitability. As with
electricity markets, investment decisions must be made based on the expected price of flexibility.
The MfF stands in the tradition of a sizable literature on potential solutions to energy-only market
failure. Related only in the widest sense are various proposals on a ‘strategic reserve’. Under this scheme,
which is similar to the ‘grid reserve’ implemented in art. 13(1b) EnWG, borderline unprofitable power
plants are removed from the market and called upon only in times or scarcity. Already implemented in
other countries, the model’s application to Germany has been the subject of intense debates. Among its
proponents are Böckens et al (2012), Ecofys (2012), Maurer (2012) and Müsgens (2012). Being unsuited
to incorporating sources of flexibility other than power generation (Matthes et al, 2012), the strategic
reserve does not allow for effective competition among the sources of flexibility, and even some of its
advocates regard it only as a temporary solution (Müsgens, 2012).
By contrast, a number of models for a ‘capacity market’ that have been proposed over the last two
years in the context of the energy transition do provide for the participation of various sources of
flexibility and thus allow for some competition.21 These include proposals by BET (2011), Cramton and
Ockenfels (2012), EWI (2012), LBD (2011), Matthes (2012a) and Matthes et al (2012), the last being one
21

Political opinion on capacity markets is divided. While (as of mid-2013) parts of the opposition advocate them (Höhn et al,
2012), the government so far considers them unnecessary: “We need no capacity markets”, said the Federal Minister of the
Environment. See www.stadtwerke-herne.de/index/privatkunden/energieinfos/energienachrichten/125474.html.
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of the most detailed models. Diermann et al (2012) provide a set of criteria by which these proposals can
be distinguished.
The main way in which the MfF differs from most of the literature is the question of market
segmentation. EWI (2012) being a notable exception, most of the proposals made so far favour a division
of the capacity market into two segments and are known as ‘selective’ or ‘focused’ mechanisms. A shortterm market segment will typically comprise (unprofitable) existing power plants and DSM capacities.
The second, longer-term segment addresses new power plant projects and, as soon as it becomes
competitive, energy storage. Such two-part models have the inherent disadvantage, as recognised by
Matthes et al (2012), that competition will ensue within each segment but not across the two parts. To
illustrate: DSM and energy storage can provide very similar flexibility services. In a segmented market,
both might be employed even though one of the technologies might be considerably cheaper.
Advocates of segmented models in turn criticize comprehensive models. Matthes et al (2012) list the
major concerns. Firstly, the authors argue that the main advantage of comprehensive markets – greater
competition – will not materialise because even such markets will inevitably split into segments, given
that flexibility is not a homogeneous good. This is quite true. The Coordinator will design a number of
different flexibility products and not every technology will be able to bid for each product. The crucial
difference, however, is that the segments must be defined by the products, rather than by the potential
suppliers. In our model, bidders self-select into segments according to their capabilities. Investment to
improve existing technologies pays off if it allows the innovator to bid for a more highly valued flexibility
product. In a ‘focused’ capacity market, by contrast, the innovator would be stuck in the same market
segment. For similar reasons we believe that the MfF must be open to all technologies right from the start,
even to those that are not yet technically feasible or are far from competitive.22 These technologies must
have an opportunity to form expectations about future earnings on the MfF to drive research and
development. Only their early access to the market can reveal at what point the technologies become
profitable. Moreover, their potential entry is essential to making the market for flexibility contestable.
Small but aggregated capacities (e.g. DSM or micro-CHP) pose a particularly effective threat of entry as
new consortia can form at any time.
Secondly, Matthes et al (2012) amongst others argue that in comprehensive capacity markets prices
will tend to be set by new power plants, which would imply that existing, written-off plants can earn
substantial windfall profits and electricity consumers are burdened unnecessarily. For the same reason the
authors, along with LBD (2011) and others, propose to admit only existing power plants that are
unprofitable and might otherwise close down. We disagree. As long as there are at least two bidders of
every technology and there is no collusion among them, which the Coordinator must ensure, the market
price of flexibility should emerge at or just above the cost of providing it. To existing, profitable power
plants, that cost is zero – they will be available in any event. If they can deliver flexibility as tendered,
they should. Unprofitable old plants will be kept in operation only if needed. In that case, the price of
flexibility will rise as the plants must be compensated for the losses they would sustain from their
continued operation. The MfF will provide an incentive to invest in new capacities (including DSM and
storage) only if such capacities can deliver flexibility more cheaply than the existing ones.23 Only by
22
23

At current cost levels, storage is not expected to become relevant before 2030 – and is ignored by Matthes et al (2012).
Matthes et al (2012), amongst others, postulate that besides ensuring security of supply, a capacity market should also promote
the other goals of the energy transition, especially the emissions reduction targets. From this they deduct an implicit priority for
new, cleaner power plants. We disagree. Policy instruments exist which are more efficient at achieving these goals than a
capacity market. If desired, these instruments should be applied more vigorously.
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letting old and new capacities compete with each other can we ensure that old power plants are not taken
offline prematurely or kept running for too long. Besides, we hold that it will be very difficult to define
what constitutes a power plant ‘at risk of shut-down’ despite the rules to that effect proposed by Matthes
et al (2012).
Finally, the same authors claim that the costs of establishment and, potentially, discontinuation are
higher for a comprehensive than for a focused market. This is not evident. The information requirements
on the Coordinator are comparable in both models. The MfF, like focused capacity markets, is in
principle reversible. To discontinue it, the Coordinator merely needs to stop selling contracts. Investment
in new capacities would likely suffer but the electricity markets would continue to function.

4 – Conclusion
As non-dispatchable feed-in from renewables increases and conventional power generation recedes,
providing sufficient flexibility to ensure security of supply becomes the dominant challenge of the energy
transition. The German government’s response so far can be characterised as a mix of ‘wait and see’ and
ad hoc applications of stick and carrot. This approach is risky and inefficient. An expression of current
political sentiment, the measures undertaken so far do not provide a reliable framework on which to base
long-term investment decisions. In particular they do not contribute to a sustainable market design that
honours the targets for 2050 and promises to ensure security of supply at low cost. If the energy transition
fails, and unnecessarily high costs are a type of failure, the consequences for sustainable energy policies
would be felt not only in Germany.
To reduce reliance on ex post intervention, this paper has argued instead for a two-part strategy to
sourcing flexibility. Both parts have been previously discussed in the literature but their complementarity
has not yet been fully realised. First, while recognising that the existing electricity markets are unlikely to
produce sufficient incentives for flexibility, we argue that they should be given every chance to do the
best job they can. Therefore electricity price fluctuations as the quintessential incentive for flexibility
must be felt by all relevant parties. As mere examples of that principle we have presented a new
renewables support scheme and a strategy for pushing variable power tariffs into the market.
This approach promises cheap results but, being price-based, it cannot deliver the quantitative
certainty that the energy transition demands. It should therefore be supplemented with additional explicit
incentives from a quantity-based market for flexibility. While agreeing with many of the features that
have been proposed in ‘focused’ models of a capacity market, we have however argued that the market
must be unitary to maximise competition and innovation.
The MfF can be an integral part of a comprehensive economic framework for the future electricity
supply system. Figure 2 illustrates the overlap of the components of that framework. Storage, as the
quintessential provider of flexibility, is most heavily involved in the MfF. Fossil power generation,
consumption (aggregated DSM capacities) and flexible renewables (biomass and biogas) will participate
to the extent permitted by their respective technologies. The latter, however, will draw most of their
earnings from the investment subsidy and from the sale of power on the electricity market. Direct
participation in the electricity market is also encouraged for consumers through variable tariffs. This setup
should guarantee sufficient proceeds for the two most critical elements of the future power supply system,
renewables and flexibility. If calibrated well, the framework can even yield an optimal phase-out of the
non-essential components, especially inflexible fossil generation (coal).
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Figure 2:
Components of a future
economic framework
for the energy supply
system

Like much of the literature, this paper has skirted around a number of crucial but analytically or
politically difficult issues. For example, joint European responsibility for security of supply could be of
much greater benefit than any detail of designing a market for flexibility. Similarly, the electricity grid is
arguably the most important source of flexibility but has so far defied all attempts to be incorporated into
a comprehensive incentive scheme. Scope for further research thus abounds.
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