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Glossary and List of abbreviations

acatech

Deutsche Akademie der Technikwissenschaften

Advanced Adiabatic
Compressed Air Energy
Storage (AA-CAES)

In Advanced Adiabatic Compressed Air Energy Storage
(AA-CAES) the heat of the compressed air is temporarily
stored in a heat storage system. This takes the form of a
solid storage unit.

Backloading

Postponing auctions and withdrawing emission allowances

in the European emissions trading scheme

Back-up capacity

Reserve capacity for generating electricity in situations of
unusual relative supply scarcity

BDEW Bundesverband der Energie- und Wasserwirtschaft
(Federal Association of the Energy and Water Industries)

BDH Bundesindustrieverband Deutschland Haus-, Energie- und
Umwelttechnik e. V. (Federal Industrial Association of
Germany House, Energy and Environmental Technology)

BDI Bundesverband der Deutschen Industrie e. V. (Federation
of German Industry)

BEE Bundesverband Erneuerbare Energie e. V. (Federal
Assaociation for Renewable Energy)

BET Buaro fur Energiewirtschaft und Technische Planung GmbH

BMBF Federal Ministry of Education and Research

BMELV Federal Ministry of Food, Agriculture and Consumer
Protection

BMF Federal Ministry of Finance

BMU Federal Ministry for the Environment, Nature Conservation
and Nuclear Safety

BMVBS Federal Ministry of Transport, Building and Urban
Development

BMWi Federal Ministry of Economics and Technology
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BNetzA Bundesnetzagentur (Federal Network Agency)

BSH Bundesamt fur Seeschifffahrt und Hydrographie (Federal
Institute for Navigation and Hydrography)

C Carbon

CAES Compressed Air Energy Storage

CCL Climate Change Levy

CHa Methane

Clearing Transmission, reconciliation and, if necessary,
confirmation of transactions and ensuring their settlement

CO, Carbon dioxide

Day-ahead market

Trade in electricity that is to be generated and supplied the
next day. Trade in 24-hour blocks at constant capacity for
base-load demand, peak-load blocks for several hours’
increased demand and contracts for individual hours.

dena Deutsche Energieagentur (German Energy Agency)

Dispatch Decision on the deployment of the various adjustable
power stations available

DIW Deutsches Institut fir Wirtschaftsforschung (German
Institute for Economic Research)

ECC European Commaodity Clearing AG

EEG Erneuerbare-Energien-Gesetz (Renewable Energy Source
Act)

EEX European Energy Exchange AG

EnergieStG Energiesteuergesetz (Energy Tax Act)

EnWG Energiewirtschaftsgesetz (Energy Industry Act)

Erd6IBevG Erddlbevorratungsgesetz (Energy Stockpiling Act)
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EWI

Energiewirtschaftliches Institut der Universitat Koln
(Energy Institute of the University of Cologne)

Fischer-Tropsch synthesis

Large-scale process for liquefaction of coal into a broad
spectrum of gaseous and liquid hydrocarbons

Fraunhofer ISE

Fraunhofer-Institut fiir Solare Energiesysteme (Fraunhofer
Institute for Solar Energy Systems)

FVEE

ForschungsVerbund Erneuerbare Energien (Renewable
Energy Research Alliance)

Base-load electricity

Volume of electricity for which demand exists at all times
all year round

GW gigawatt(s)

Hz Hydrogen

IASS Institut for Advanced Sustainability Studies
IEA International Energy Agency

Intraday market

Trade in electricity contracts for supply on same or
following day

kwh kilowatt-hour(s)

CHP Combined heat and power generation

kW, kilowatt peak = nominal capacity of photovoltaic
installations

Merit order Sequence of deployment of power plants

Minute reserve (tertiary
balancing energy)

Provision of short-term power reserves (control energy) for
balancing fluctuations in the German electricity grid after a
lead time of 15 minutes

Missing-money problem

Debate about whether deregulated energy markets are
able to generate sufficient contributions to cover the cost of
generation capacity
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Momentary reserve

Property of the electricity supply system that arises from
the rotating inertial mass in the generators of conventional
power stations

MWh megawatt-hour(s)

Ofgem Office of Gas and Electricity Markets (UK energy
regulation authority)

OLG Oberlandesgericht (Higher Regional Court)

oTC Over-the-counter (off-floor trading)

PJM market Electricity market in Pennsylvania, New Jersey and

Maryland

Price spread

Electricity price difference between different points in time
or between different markets

PSW

Conventional pumped-storage power stations

PtG

Power-to-Gas = production of gas (H,) from (surplus)
electricity

Regulating power

ensures that electricity customers are supplied with exactly
the electrical capacity needed in the event of unforeseen
incidents in the power grid

Remaining load

different between the power needed and the power
supplied by non-flexible power stations

Sabatier process

chemical reaction in which carbon dioxide and hydrogen
are converted into methane and water

SDLWindV

German Ordinance on System Services by Wind Energy
Installations, 3 July 2009

Smart meter/grid/appliances

information technology for improving demand control
without direct intervention by the consumer

Spot market

used to optimise the generation or consumption portfolio
for, as a rule, the next day. Trading takes place both on
electricity exchanges and OTC.
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SRU Sachverstandigenrat fir Umweltfragen (German Advisory
Council on the Environment)
StromNEV Stromnetzentgeltverordnung (Power Grid Charges

Ordinance)

Futures market

Electricity for coming years is traded on the futures market.
It serves to safeguard generation and requirements in the
long term.

TWh terawatt-hour(s)

UBA Umweltbundesamt (German Federal Environment Agency)

ULCOS Ultra-Low Carbon Dioxide (CO,) Steelmaking

VIK Verband der Industriellen Energie- und Kraftwirtschaft
(Association of the Energy and Power Industry)

VKU Verband kommunaler Unternehmen (Association of
Municipal Enterprises)

WWF World Wide Fund for Nature




16



17

Key recommendations

Introduction

*1. Climate-neutral electricity generation is both necessary and possible. It is necessary
because the Federal Republic of Germany, together with the other Member States of the
European Union, has committed itself to the target of reducing greenhouse gas emissions by
at least 80 per cent from 1990 levels by the year 2050. This is the industrialised countries’
minimum contribution to the internationally agreed target of preventing global average
temperature from rising more than 2°C above pre-industrial levels. This target can only be
achieved by moving to an electricity supply system based largely on renewable sources, as
substantial emission reductions are easier and less expensive to implement in the electricity
sector than in other sectors.

At the same time it is technically possible to meet electricity requirements almost entirely
from renewable energy sources by 2050. And this while ensuring a high level of supply
security. This will be possible at costs which in the long term will be lower than those of
conventional power supplies, since fossil fuel prices will in all probability rise in the coming
decades, despite shale gas production in the USA. In agreement with many other reports for
Germany and the EU, the German Advisory Council on the Environment (SRU) drew
attention to this in 2011 in its special report “Pathways towards a 100% renewable electricity
system”.

The present special report, “Shaping the electricity market of the future”, is intended to
extend the line of the 2011 special report and address issues concerning the organisation of
the electricity market. The central concern of this new special report is to put forward ideas
for a new organisation that not only offer answers to the current challenges, but are also
compatible with the long-term goal of a renewables-based power system. This paper
provides a summary of the SRU’s main recommendations.

Energy supply in Germany is going through a period of radical change. In 2010 and 2011 the
German Government approved climate objectives and renewable energy expansion targets
for the period up to 2050 and decided to phase out nuclear power by 2022. Although this
system of objectives was supported by a broad political consensus transcending party
boundaries, there are widely differing views about how the transition should be organised in
practice. The public debate focuses on security of supply and the cost of promoting
renewable energy. Many political and scientific contributions to this debate lose sight of the
fact that in the long term the energy supply system needs to be built on a foundation of
renewable energy if the climate objectives are to be achieved. They focus on short-term
solutions and in some cases advocate a fundamental change in the renewables promotion
system or moves to curb the expansion of renewable energy and to introduce new
mechanisms for promoting conventional power stations.
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The SRU, by contrast, is primarily concerned with the question of how to assure continuous
expansion of renewable energy so that the long-term goals can be achieved as well. Central
topics here are energy efficiency and the financing of investments in renewable energy
systems, storage facilities, and the supporting infrastructure, such as grids. The focal issues
in the special report are: To what extent can the electricity market ensure the expansion of
renewable energy and of storage and demand side management, and what supplementary
measures are needed to achieve this?

For an electricity market largely dominated by renewable energy, the answers to these
questions need to be different from those appropriate to the present situation. The SRU has
therefore decided to adopt a backcasting approach that works backwards from the goal in
view: First it identifies plausible characteristics of a future electricity market based on
renewable energy. Then it proposes steps for the transition that are in line with the long-term
perspective.

The energy market of the future

*2. The SRU assumes that in several decades’ time wind energy and photovoltaic
systems will be the main technologies of a future energy system. At times of strong winds or
bright sunshine, electricity generation from renewable sources will be very high, but in
different weather conditions or at certain seasons or times of day it may be low. Such
fluctuations may occur very quickly, may cover a considerable range, and can only be
foreseen to a limited extent. The entire energy system will have to adapt to these new
challenges by becoming more flexible. To this end, the market system needs to send the
right signals.

In the long term there are many ways of adapting to these challenges:

— Firstly, demand for electricity — especially industrial and commercial demand — should
respond more flexibly to fluctuations in generation, thereby making a contribution to load
balancing.

— Secondly, further expansion of the long-distance power grid should make it possible to
balance supply and demand over large areas. In addition to optimisation of the national
grid, a factor of special importance here is the expansion of cross-border transmission
lines. Greater EU-wide integration of power grids can help to ensure that different national
supply and demand profiles balance each other out.

— Thirdly, in order to achieve the climate objectives, the demand for energy in all sectors of
use (heating, transport and industrial processes) should increasingly switch to electricity
as the main form of energy. The present separation of sectors will disappear. An
increasingly integrated energy system will emerge, with many new flexibility options. This
will make it possible to divert temporary surpluses of electricity into other use sectors (e.g.
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heat or electric mobility). It will also enable the market to absorb temporary very high
levels of electricity generation.

— Finally, other long-term flexibility options lie in the mutual convertibility of various forms of
energy (e.g. power to gas) and a wide variety of storage options in Germany and abroad.
These permit further load balancing.

What these combinations of different load balancing options mean for the electricity market is
that even at times of high generation there will be opportunities to use electricity outside the
electricity market in the strict sense (e.g. for gas production). The resulting demand will
almost always lead to a positive market price, even in a future dominated by renewable
energy. Although renewable energy will thus be able to generate considerable earnings on
the market, it will very probably not be able to recover its capital costs in full. Insurance-like
solutions, such as reserves or storage facilities for rare lengthy periods of very low feed-in,
are unlikely to succeed in paying for themselves via the energy-only market.

On the whole, there will in the long term, i.e. in several decades’ time, still be a need for a
combined payment for renewable energy, insurance-like services and supplementary
infrastructure. This payment is made up of a price per kilowatt-hour determined by the
existing electricity market, and a supplementary contribution which meets the additional
finance required. The framework for determining this contribution, like the ratio of the two
payment components, depends on future costs, technologies and market conditions and is
therefore impossible to predict at present.

These structural elements of an electricity market that can be foreseen in the long term make
it possible to draw conclusions about steps for a gradual transition towards a more market
based approach.

Reform of electricity market organisation

1 Ensuring continuity during transition

*3. The Renewable Energy Sources Act (EEG) is a successful model and a driving force
behind the German Energiewende (transformation of the energy system). At comparatively
low cost, it has triggered substantial growth of renewable energy. This success story is
spreading beyond Germany's boundaries. Similar systems have been introduced in many
other countries. At present this development is one of the encouraging factors in international
climate policy. The Energiewende provides answers to the foreseeable increase in fossil fuel
prices and the risks and serious environmental follow-on costs of the present power
generation structure, and offers a perspective for a sustainable energy supply system. The
transformation of the power generation system is also a great opportunity for Germany as a
source of innovation.
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There is nevertheless a need for reform. With regard to weather-dependent generation from
renewable energy sources there is a short-term need both for the conventional power plant
portfolio to adapt as speedily as possible to the new flexibility requirements, and for the
renewable energy sources to adapt — as far as technically and economically practicable — to
the requirements of the market. To this end the renewable energy sources must increasingly
be exposed to market signals. Moreover, other challenges arise from the cost of promotion
and, in the medium term, security of supply.

Within these constraints the SRU advocates cautious reforms that will make it possible to
maintain the dynamic development of renewable energy at a sustainable high level. This is
indispensable in view of the longer-term political objectives and the potential of renewable
energy. At the same time care should be taken to avoid measures that are obviously
incompatible with the long-term climate objectives, e.g. subsidising new coal-fired power
stations or keeping existing ones in service on a long-term basis.

2 Subordinating conventional power generation to the
needs of renewable energy

*4, The growing proportion of renewable energy makes great demands on the flexibility
of conventional power generation. It has to adapt to the weather-dependent nature of wind
and solar power. At present there is a surplus of non-flexible capacity due to nuclear and
lignite power stations. This results in low spot market prices, exports of surplus power to
other countries, and profitability problems for gas-fired power stations. However, gas power
stations are needed as a flexible means of meeting the residual load requirement. For this
reason a variety of promotion mechanisms are currently under discussion with a view to
ensuring the availability of flexible generating capacity, and hence long-term security of
supply despite the profitability problems on the electricity market.

The SRU is of the opinion that, first of all, it is necessary to exploit those options which
effectively address these challenges and at the same time strengthen the functional capacity
of the energy market.

These options include incentives for greater demand flexibility on the part of major industrial
consumers in particular. They have a variety of technical means of reducing their electricity
consumption in times of low power supply. Making the market more flexible, especially to
reinforce the role of short-term markets with better integration of the grid operator, could help
to cater for the rapid fluctuations in supply which are difficult to predict exactly. In the short
term, expanding transmission line capacity between Germany and its neighbouring countries
could make a contribution to greater security of supply.

However, the most important individual objective — over and above the phasing-out of
nuclear power — is to reduce the overcapacity of power stations that are not flexible for
economic or technical reasons, in order to create better market conditions for flexible power
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stations, especially gas-fired ones. This applies in particular to power generation from lignite,
which is both relatively inflexible and very CO,-intensive. The success of the Energiewende
is therefore crucially dependent on an adequate carbon price signal.

3 Substantially raising carbon prices

*5. A high carbon price level will speed up the urgently needed process of structural
change in the conventional power plant portfolio. It is the most important lever for increasing
the competitive strength of flexible and relatively low-CO, gas-fired power stations. A higher
carbon price increases the production costs of fossil-fuel power stations. This raises market
prices — which benefits highly efficient and flexible power stations in particular — and thereby
improves the functioning of the electricity market. Thus a strong carbon price signal should
be introduced before making any far-reaching intervention in the market such as the various
capacity mechanisms currently under discussion.

At present, the carbon price is determined by the European emissions trading scheme.
Owing to an over-generous supply of emission allowances, especially as a result of the
economic recession in the EU, the price of emission allowances has slumped in recent
years.

The SRU therefore recommends the German government to take action at European level
and urge effective measures to restore the incentive function of the emissions trading
scheme. In particular, this includes an ambitious European climate objective for 2030 as well
as the temporary withdrawal of emission allowances during the current trading period
(“backloading”). This should form part of a consistent overall climate and energy policy
package, which must also be compatible with the long-term objectives for 2050.

If moves for a speedy reform of the European emissions trading scheme are not successful,
Germany should follow the British example and introduce a national minimum carbon tax.
This would best be done by abolishing the exemptions for power generation plants in the
Energy Tax Act. The level of taxation must also be geared to the specific carbon content of
the individual fuels. Last but not least, the German Government could consider using
regulatory measures to reduce CO, emissions by power stations and to make power supply
more flexible.

4 Strengthening the European dimension of the
Energiewende

*6. Right from the start, the Energiewende has been embedded in a European context. It
is also a contribution to the objectives approved by the European Union in 2008 for climate
action, renewable energy expansion and greater energy efficiency by 2020. The task of
updating these objectives for 2030 is currently on the agenda of the European Union.
Ambitious European targets for all three aspects of energy and climate policy are of vital
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national interest in order to create a climate of certainty for investment and planning, promote
convergence of the Member States’ policies, and avoid competition-law risks in relation to
the — still much needed — promotion of renewable energy. To ensure continuity and be able
to take account of interactions between the three objectives, the EU should focus on a triad
of targets for 2030 as well.

The SRU therefore recommends the German Government to advocate a European climate
objective for 2030 that seeks to reduce greenhouse gas emissions by at least 45 percent
compared with 1990 by means of measures within the EU. The renewables share of gross
final energy consumption should be increased to at least 40 percent. Full advantage should
be taken of the existing energy efficiency potential, which permits a reduction of up to 50
percent in primary energy consumption compared with 2010. This should be enshrined in
binding targets. Depending on their own national targets and abatement costs, individual
countries such as Germany can and must exceed these targets.

5 Ensuring security of supply in conformity with the
market
*7. The growing proportion of renewable energy and Germany’s decision to finally phase

out nuclear power by 2022 present new challenges for ensuring security of supply. Under
current market conditions, neither the construction of new flexible gas power stations nor the
continued operation of existing ones is assured. To ensure the provision of adequate and
flexible generating capacity, various approaches to capacity markets and a strategic reserve
are currently under discussion. In the final analysis, capacity markets are mechanisms for
subsidising new power plants or maintaining existing ones, or they provide incentives to
invest in flexibility options. The strategic reserve is a safeguard against supply shortage
situations. Under this instrument, power stations that would otherwise be withdrawn from the
market are kept as a reserve.

Introducing capacity markets involves risks. If they are not designed correctly, e.g. if the need
for new power plants is overestimated or there are no requirements regarding flexibility or
limiting CO; intensity, there is a risk that the transformation of the power supply system will
be brought to a halt or that the cost of promoting it may be excessive. Nevertheless, one
cannot exclude the possibility that a capacity market may be necessary for security of supply
in the medium term. However, every new intervention in the market needs thorough prior
investigation in order to avoid incorrect design.

On the whole, the SRU considers the proposed strategic reserve to be the more suitable
instrument, since this represents the smallest intervention in the energy market. Removing
power stations that only operate in the event of shortages from the energy market will
improve the earnings potential in this market.
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6 Ensuring a more objective debate about the cost

*8. One frequently voiced justification for a basic need to reform the EEG is that it gives
rise to high electricity costs and that steps must be taken to halt their continued growth.
However, this debate confuses a number of different arguments. Firstly, it explains the
increase in electricity prices in recent years as being due entirely to the expansion of
renewable energy. Secondly, the discussion focuses on an indicator that is unsuitable for
determining the actual cost of promoting renewable energy. Thirdly, it exaggerates the
resulting social problems and the overall importance of such developments for the economy
as a whole.

The SRU expressly warns against such misinterpretations. The doubling of the price of
household electricity over the last decade was due above all to the rise in fossil fuel prices.
Moreover, the EEG surcharge is not a suitable indicator of the cost of renewable energy.
One reason for the increase in the surcharge — as the difference between feed-in payment
and market price — is that the cost of the generous exemptions for a number of industrial
companies is allocated to all other electricity customers. Another reason for the rise is,
paradoxically, that spot market prices are going down because of falling carbon prices and
the increasing amounts of renewable energy fed into the system. However, neither of these
effects is a cost of promoting renewable energy. Incorrect indicators could lead to misguided
reforms that might slow down the expansion of renewable energy and thereby endanger the
overall objective of the Energiewende.

The SRU therefore recommends introducing a better indicator of whether or not the
renewable energy portfolio is becoming less expensive. A suitable candidate for this purpose
would be the average EEG payment for new installations. A comprehensive macroeconomic
cost concept should also be used. This must compare the costs attributable to renewable
energy with the costs — and especially the external costs — arising from the construction and
operation of fossil energy supply facilities (differential cost approach).

7 Reforming the variable market premium

*Q. The EEG originally funded the renewable energy sources by means of fixed feed-in
tariffs. This was criticised because in this model, power generation does not react flexibly to
market signals. Thus, in 2012 the option of selecting a variable market premium was
introduced. The variable market premium pays for that portion of renewable energy costs
which is not covered by market income. Since market prices are subject to large fluctuations
and are difficult to predict for decades ahead, the amount of the variable market premium is
adjusted to average spot prices, thereby cushioning part of the market risks for renewable
energy sources.

Other direct marketing models (e.g. fixed market premium or auctioning) pass on excessive
market risks to the renewable energy sources, thereby considerably increasing the cost of
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refinancing and hence the cost of promotion. Proposals of a more far-reaching nature such
as quota models risk interrupting the development process. Moreover, they are also more
expensive than differentiated technology-specific promotion.

The SRU therefore recommends introducing the variable market premium as a binding basis
for all new installations. Since its introduction in 2012, as much as half the capacity from
renewable sources has been transferred to direct marketing, and in the case of onshore wind
energy the figure is as high as 80 percent. Practical experience is thus available which holds
promise of a smooth transition.

However, the SRU recommends modifying the basis for calculating the premium in a way
that increases the incentive to gear installations to maximising market revenues, not the
amount of energy generated. The SRU envisages calculating the variable market premium in
such a way that producers can, under realistic conditions, expect at least the same income
as at present with the fixed feed-in tariff. The realisable market revenues and the market
premium should be calculated on the basis of suitable technology-specific and site-specific
indicators. Instead of a 20-year limit on promotion, a limit on the number of kilowatt-hours
promoted should be used. As yet it is still possible to increase the absolute amount of
funding received by gearing the installation to maximise the number of kilowatt-hours
produced in the 20-year promotion period. By contrast, the kilowatt-hours contingent implies
similar absolute funding for all installations. This ensures an overall income, even if
payments are no longer made when electricity is not fed in. The level of the market premium
must nevertheless be continuously adjusted to the actual development of technology costs
and must be geared to a portfolio of renewable energy sources that is both inexpensive and
reasonable from an energy system point of view.

In view of the serious additional environmental impacts and undesirable relocation effects,
consideration should be given to discontinuing the promotion of cultivated biomass.

The SRU recommends having the level of the market premium determined by a public
authority. This should work on the basis of politically decided objectives with regard to the
levels of expansion and the renewables portfolio, in accordance with clear rules and in a
transparent procedure. The fact that the feed-in tariffs are specified in the EEG has in the
past prevented a sufficiently flexible response to market and cost developments. This can be
achieved better by a solution where the market premium is determined by a public authority.

8 Bundling coordination in the Federal Chancellery

*10. A large number of actors from politics, industry and society are involved in
implementing the Energiewende. Even individual elements of the Energiewende, like the
electricity market reform, are complex and require a great deal of coordination. And the need
for coordination between the various elements is all the greater, e.g. between grid expansion
and the growth of renewable energy, or between climate policy and the development of
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renewable energy sources. In this connection it is often suggested that responsibility for
energy policy should be bundled in a separate energy ministry.

However, there are a number of arguments against this:

— The coordination requirements far exceed the competence of a single ministry. Decisions
concerning the Energiewende are taken not only at federal level, but in a complex multi-
level system, and implemented on a centralised basis. There is thus a need for
coordination not only between the federal ministries, but also between the federal and
Bundesland level and between Germany and the EU.

— The Energiewende is not merely the responsibility of the economics and environment
ministries. Other ministries also play an important part, e.g. the ministries of transport,
research or agriculture. It would be unrealistic to bundle all these tasks in a single
ministry.

— Furthermore, inter-ministerial discussion of issues increases the transparency of the basis
for political and technical decisions.

— And finally, each ministry acts as a point of contact for specific stakeholder groups. If
these interests are spread among different ministries, there is competition between the
ministries to innovate, and in recent years this has acted as a driving force behind the
Energiewende.

Rather than creating an energy ministry, it would therefore make more sense to
institutionalise these responsibilities under the policy-making powers of the Federal
Chancellor. The SRU advocates establishing a steering body with the rank of a Minister of
State within the Federal Chancellery. This function should be equipped with appropriate
resources and should have the task of balancing interests between the ministries and
optimising coordination between the Federal Government, Lander and EU. This can
strengthen the importance of the Energiewende as an overarching and cross-cutting task
and as a national policy coordination task between the federal, regional and EU levels.

9 Transferring detailed control to federal authorities

*11. The SRU recommends an increasing and systematic transfer of numerous concrete
implementation tasks, the technical and economic basic knowledge and fine tuning of the
Energiewende to the Federal Environment Agency and the Federal Network Agency. These
two authorities should also be required to coordinate under the rule of common agreement.

It would overstrain the legislature to deal with the numerous technical parameters and the
specific implementation tasks of the Energiewende, especially fixing and regularly adjusting
the market premium, working out any necessary capacity mechanisms or implementing the
emissions trading scheme. The legislature should focus on laying down the fundamental
objectives, instruments, procedures and rules for the further process of the Energiewende.
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10 Passing a Climate Change Act

*12. Especially in view of the diversity of actors and levels involved and the great variety of
interests, the Energiewende needs a clearly defined vision and a binding goal for the various
processes which cannot be controlled centrally. For this reason the SRU recommends
passing a Climate Change Act laying down the climate objectives for Germany up to 2050.
The Climate Change Act should set out these objectives in ten-year steps. It should also
formulate sectoral objectives for the climate-relevant sectors: transport, agriculture, industry,
small-scale industries, trade and services, as well as heat. The Greenhouse Gas Emission
Allowance Trading Act (TEHG) and other climate-relevant acts should be merged with the
Climate Change Act. The objectives of this Act should also be underpinned by a sub-
statutory programme, which should be a mandatory requirement. This programme should lay
down measures and regular monitoring processes. A Climate Change Act can improve the
consistency of political decisions and reinforce broad public acceptance of climate and
energy policy measures.

Outlook

*13. The Energiewende is going through a critical transition phase. There is a need for
reform, but the reforms must not risk interrupting the development process. One of the
central political tasks for the coming term of parliament will be to find this balance between
continuity and change.
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1 Introduction:
Redesigning Germany’s electricity market

1. Electricity generation in Germany is going through a process of transformation. This
process was set in motion by the far-reaching political decisions on phasing out nuclear
power by 2022, expanding renewable energy and taking action to protect the climate. On the
basis of a broad political consensus, the Federal Government made a commitment to climate
action and thereby set the central framework of targets. By 2050 greenhouse gas emissions
in Germany are to be reduced by 80 to 95 per cent compared with 1990. In the same year
the renewables share of electricity supplies is to reach at least 80 percent. In line with
numerous research studies, the German Advisory Council on the Environment (SRU) has
shown that a full supply of renewables-based electricity is possible, and indeed essential for
achieving the climate protection objectives, as substantial emission reductions are easier and
less expensive to implement in the electricity sector than in other sectors (SRU 2011). For an
electricity supply system based on renewable energy sources it will be necessary to modify
the present design of the market. This report examines the central requirements.

2. The transformation of the energy system (Energiewende) pursues a triad of
objectives concerned with environmental viability, efficiency and security of supply. It
provides answers to the foreseeable increase in fossil fuel prices and the risks and serious
environmental follow-on costs of the present power generation structure, and offers a
perspective for a sustainable energy supply system. If taken seriously in this way, the
transformation is also a great opportunity for Germany as a seat of innovation. It is no longer
merely a question of the technological development of renewable energy sources. Today it is
much more a matter of integrating the various system components in such a way that
renewable energy sources become the lead technologies of the energy system and — in
interaction with grid expansion and reconstruction, demand management, use of storage
technologies, and integration of the electricity, heating, transport and industrial sectors — are
in the long term able to provide 100 percent of supplies. This must never lose sight of the
environmental impacts, as the SRU explained in detail in its special report of 2011 (SRU
2011, Item 119 ff.).

3. The Renewable Energy Sources Act (EEG) is the hinge-pin of the transformation
process. It has shown that the market launch of new technologies is possible on a scale that
was previously unimaginable. In little more than a decade, thanks to the EEG, the
renewables share of electricity supplies rose from 6.7 percent in 2001 to 22.9 percent in
2012 (BMU 2013). This success story has spread beyond Germany'’s borders, and today it is
one of the encouraging factors in international climate policy.

As a result of this increase, renewable energy sources have now outgrown their market niche
and are causing considerable adaptation problems for the old energy system, both for
conventional power generation and for the long-distance transmission and distribution
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networks. There is therefore a need for reforms. However, these reforms must not — as
frequently demanded — focus entirely on renewable energy, but must in particular include
necessary adjustments to the traditional, conventional energy system, which still dominates
the supply of energy in Germany.

The present debate about costs focuses on an indicator — the EEG surcharge — which is not
suitable for providing an appropriate picture of the costs of the Energiewende. Cost efficiency
and electricity price curbs, greater market orientation and system responsibility are the
keywords of the current debate about reforms. However, many proposals for reform amount
to explicit or de facto efforts to slow down the growth of renewable energy. Few attempts are
made to analyse whether reform ideas motivated by short-term considerations are in fact
compatible with the long-term expansion targets.

4, The SRU has therefore decided to start by looking at the qualitative long-term
perspective. In the present report it investigates the direction that the development of the
energy supply system can and must take in the long term, and what its principal structural
features will be. The focus is on the characteristics of the electricity market for an electricity
supply system based on renewable energy, and on what form the transition to this situation
should take.

However imponderable or uncertain a longer-term forecast may be, it can be regarded as
certain that the weather-dependent generation of energy by wind and sun will determine the
character of the system as a whole, and that other system components will have to adapt to
this. In this connection people often take a sceptical view of the energy-only market, because
they fear that a market which confines itself to taking account of short-term variable costs of
generation (i.e. quantity-dependent costs) will not be capable of financing the investment
needed for renewable energy. Less attention is paid to the opportunities for dynamic
development of the market that could arise from the fact that the heating and transport
sectors and the basic industries are operating more and more on the basis of electricity, or
that the availability of storage technologies is increasing. In this special report the SRU will
examine the fundamental issues of technical ways and means of integrating the sectors.

A special challenge of the transition to an electricity supply system based on renewable
energy is that the larger the share generated by sources subject to rapid and substantial
fluctuations, the more flexible the supply system as a whole needs to be. This raises the
question: How can the EEG be developed into a more market-driven regime, while
maintaining the dynamic expansion of renewable energy sources? This central issue implies
a number of other questions: How can cost trends be dealt with in the short term, and how
can costs and benefits be shared equitably? How can security of supply be maintained by
the — initially conventional — flexible residual load? Are there any measures that need to be

taken in any case before considering new mechanisms for promoting conventional residual
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load (“no-regret measures”)? Which ultimately leads to the question of what form the
promotion of other components of the energy system should take.

Redesigning the electricity market is not something that happens in a space devoid of
interests and actors. A crucial factor for success is the framework of participation,
competence and decision rules within which the reform process takes place (referred to
below as “governance of the Energiewende”). The SRU therefore comments on the current
proposals for reform, e.g. the need for an energy ministry.

However, proposed reforms and the associated costs have to be accepted by society. One
precondition for this is greater participation and the development of a vision for the
Energiewende. It is the government’s task to press ahead with the development of this vision
and coordinate the many and various reform activities with the local, regional and federal
levels. Participation in this comprehensive sense can place the Energiewende on a broad
footing.

In this special report the SRU seeks to contribute to the discussion about how an electricity
market based largely on renewable energy needs to be designed. First of all, Chapter 2
explains how the electricity market works at present. Chapter 3 takes a cursory look at
technical ways and means of making the electricity system more flexible, including
integration of the heating, transport and basic industries sectors. Chapter 4 then describes
the requirements which an electricity market needs to satisfy in a supply system based on
renewable energy. Chapter 5 draws conclusions about the transition to electricity supplies
based on renewable energy, and puts forward recommendations for the current debate.
Chapter 6 examines the challenges that the Energiewende presents for coordination and
decision systems.
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2 How the electricity market works

5. This chapter aims to show the present structure of the German electricity market, in
order to clarify the aspects in need of reform which are discussed in this special report.
Electricity markets can basically be organised in very different ways, as revealed by a
comparison with other countries. In many countries, electricity suppliers have regional
monopolies, while other countries have organised their electricity supply system as a state
monopoly. Deregulated electricity markets can also vary considerably in structure (EHLERS
2011 with further references).

Moreover, the electricity market is characterised by a number of special features. Since
large-scale storage of electricity has not been possible to date, there must be an exact
balance of generation and consumption at all times. Demand for electricity is subject to
substantial fluctuations depending on the season and the time of day. A mismatch of
generation and consumption can lead to changes in line frequency, which may result in the
grid becoming unstable. The relatively large fluctuations in grid load are exacerbated by a
demand situation which — at least at present — still displays a high degree of short-term price
inelasticity (Federal Cartel Office 2011). In view of the need to prevent a mismatch of
generation and consumption in the power grid to avoid unstable grid situations, all electricity
generated has to be adapted to actual consumption at all times. However, both the demand
for capacity and the supply fed into the system may display rapid fluctuations. To some
extent it is possible to predict these fluctuations in capacity requirements (e.g. increased
consumption during cold weather). If the fluctuations can be predicted, the market responds
by covering its requirements on the electricity exchange. Unforeseen fluctuations in
consumption and generation are balanced by means of what is known as “balancing energy”.

Accordingly, the German energy-only market can be subdivided into various markets, namely
the wholesale market and the market for system services, essentially balancing energy
(Fig. 2-1, cf. Federal Cartel Office 2011). In terms of the volume traded, the wholesale
market is several orders of magnitude larger than the market for balancing energy and the
market for energy to cover grid losses (LEPRICH et al. 2012, p. 26).

The wholesale market trades exclusively in electrical energy, i.e. work in megawatt-hours
(MWh), and is consequently known as the energy-only market. Trading is based on three
different time frames (reference periods). The futures market, the first segment, trades in
electricity supplies up to seven years in advance. The second segment, the day-ahead
market, is concerned with electricity supplies for the following day. Finally, the third segment,
the intra-day market, deals in electricity supplies for the day in progress (MATTHES et al.
2012, p. 36).

At present there is little incentive to make supply-oriented changes in demand for electricity.
As a rule, households and businesses with low to medium electricity consumption have fixed
electricity tariffs, i.e. the price of the electricity remains the same regardless of when it is
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consumed. These tariffs not only lag behind price trends on the other markets, but also
include other cost components such as taxes or grid fees (for a breakdown of electricity
prices in 2012, see BDEW 2012). As a result, these electricity customers do not have any
incentive to adapt their consumption to the availability of electricity — in other words to save
electricity when it is in short supply, postpone consumption, or possibly even adapt to the
market by drawing electricity from their own storage facilities, CHP plants or photovoltaic
installations.

In electricity trading, a basic distinction must be made between trading on electricity
exchanges and over-the-counter (OTC) trading (cf. Fig.2-1). Providers acquire large
amounts of the electricity they need through OTC transactions, i.e. through direct
transactions with the supplier. Some of the remaining capacity is reserved for use in the
balancing energy market or to provide other system services such as the minute reserve,
and only the capacity that is left is offered for sale through the exchange on the spot market
(LEPRICH et al. 2012, p. 26). Thus purchases and sales on the spot market only serve to
offset variations in consumption that become apparent in the short term. As a rule, however,
the price prevailing on the electricity exchange is also used as a reference price for OTC
transactions (Federal Cartel Office 2011, p. 14).

The availability of balancing capacity serves to compensate deviations from forecasts and to
stabilise line frequency, and is organised via central tendering through the transmission
system operators. To optimise the use of balancing energy, control energy products are
distinguished with different activation requirements and tender frequencies. The transmission
system operators procure primary balancing power and secondary balancing power for a
period of a week. Primary balancing power has to be capable of activation within 30 seconds,
secondary balancing power within 5 minutes. The minute balancing power, also known as
the tertiary balancing or minute reserve, is offered for six periods of 4 hours each every day,
and has to be activated within 15 minutes (decision by Chamber 6 of the Federal Network
Agency: BK6-10-097).
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6. Until it was deregulated, the German electricity market had a monopolistic structure

and was thus excluded from private-sector competition. This means that competition-based
prices and the decoupling of generation and grid operation are relatively recent
developments. The deregulation of the electricity market was ushered in by the Internal
Electricity Market Directive 96/92/EC, which provided for a gradual opening of the markets
(KONSTANTIN 2009, p. 41). Since the transposition of this directive in the German Energy
Industry Act (EnWG) in 2005, electricity generation and trading has been exposed to
competition. Even after the unbundling of ownership of electricity generation and grid
operations, the grid sector remains a natural — line-dependent — monopoly that is subject to
regulation, especially of grid fees, by the Federal Network Agency and authorities at Lander
level.

In the early stages of deregulation, both long-term and short-term trading of electricity took
place on an exclusively bilateral basis. Very soon, however, exchanges developed as
centres for electricity trading and merged in Germany to form the European Energy
Exchange AG (EEX) based in Leipzig (OCKENFELS et al. 2008, p. 6), where spot-market
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and futures trading in electricity, CO, allowances, coal and gas is carried on. The EEX has
more than 200 participants from 22 countries and is the leading energy exchange in
mainland Europe. Since large-scale storage of electricity has not been possible to date,
trading in electricity on the exchange calls for relatively complex rules and careful attention to
numerous technical restrictions in electricity generation and transmission (OCKENFELS
et al. 2008, p. 4).

7. EEX transactions are handled by European Commodity Clearing AG (ECC), which
specialises in the physical supply of energy and related products. While exchange dealings
account for only a small proportion of wholesale trading, it is difficult to estimate the exact
volume traded on the exchange. The volume traded on the spot markets is steadily rising:
according to the Federal Cartel Office and the Federal Network Agency, a total of 240 TWh
was traded on the spot market in 2011, and the figure on the futures market was 457 TWh
(Federal Network Agency and Federal Cartel Office 2012, p. 17). However, EEG electricity
for which a feed-in payment is made also has to be traded on the exchange. This is not a
binding requirement for EEG plant operators who have opted for direct marketing.

The three main functions of the energy-only market: operational

management, flexibility improvement, financing

8. Under the present system, the energy-only market provides the main instrument for
controlling the use of capacities, in other words for balancing supply and demand
(operational management).

The various product categories on the market ensure a certain flexibility when it comes to
smoothing out fluctuations in supply and demand (flexibility improvement).

However, the wholesale trade also sends out signals for investment in power stations and
incentives to invest in flexibility, such as storage facilities. If prices are high enough,
investments are made or flexibility options are used and created; if prices are low, capacity is
reduced. Thus in the present system the energy-only market — at least theoretically —
performs the financing function, and in this way it is supposed to make the necessary
capacity available and hence ensure security of supply. What investment is made in power
station capacity depends in turn on annual load curves, fuel prices and carbon prices
(LEPRICH et al. 2012, p. 29).

9. In the past, demand for electricity in the course of the day and year has been met by
base-load, medium-load and peak-load power stations. To meet the demand for electricity
fully at all times, decisions are taken at 15-minute intervals about the forthcoming
deployment of the various controllable power stations available (dispatch).

In general, pricing on the energy exchange is based on the variable costs of the power
stations, in other words fuel costs, the cost of emission allowances, and any other variable
costs of the power stations available. The power stations are deployed in ascending order of
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their marginal costs, the “merit order”. The merit order is determined by the variable (non-
capital) costs of electricity generation. Starting with the lowest marginal costs, power stations
with the next-higher marginal costs are added until the demand is met. The merit order also
takes account of opportunity costs. The electricity price needed to clear the market, the price
at which electricity is sold on the energy exchange, is determined by the most expensive
power station, the “marginal power station”, that has to be deployed to meet the demand
(von ROON and HUCK 2010, p. 2; SRU 2011, Item 235; Fig. 2-2).

Figure 2-2
Price formation on the electricity market
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To date, base-load power has been produced by large central nuclear and lignite power
stations. Although their capital cost is high, their fuel costs and hence their variable costs are
comparatively low (NICOLOSI 2010, p. 2). Because of their merit order, they tend to be
deployed before gas-fired power stations with relatively high fuel-related variable costs. The
emissions trading scheme places a larger burden on coal than on gas, owing to its greater
emission intensity. ldeally, carbon pricing under the emissions trading scheme leads to a
greater increase in variable costs and to correspondingly higher prices, and hence to a shift
in the merit order to the disadvantage of coal-fired power stations. Unlike fossil-fuel or
nuclear power stations, hydro-power, wind and photovoltaic installations do not need any
fuel. This means their variable costs are very low. Thus in the merit order driven by variable
costs they come before controllable power stations, which are only then brought in to meet
the remaining demand (SRU 2011, Item 235).
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The fact that renewable energy is fed in on a priority basis has recently resulted in the
remaining conventional power stations acquiring a new function: instead of always producing
the same base-load capacity, it is now of central importance to balance the residual load, i.e.
the difference between the demand and the electricity generated from renewable sources
with its large and possibly rapid fluctuations (LEPRICH et al. 2012, p. 24). Thus instead of
the terms “base load”, “medium load” and “peak load”, the term “residual load” is becoming
increasingly relevant.
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3 Technical characteristics of a flexible,
electricity-based energy system

10. When reforming the electricity market it is always important to bear in mind the long-
term view, because changes can make their effects felt over several decades. The SRU has
therefore decided to adopt an approach that starts from the goal of electricity supplies based
on renewable energy. Chapter 3 outlines the technical features of a future energy system
based much more on electricity. Close interactions exist between these and an efficient
market framework for a sustainable energy sector. For this reason, Chapter 4 asks questions
about the performance of an energy market for supplies based largely on renewable energy
and draws conclusions about requirements for the market design of the future. Chapter 5
then goes on to develop elements of a viable electricity market design for the transition.

The SRU expects future energy supplies to be considerably more electricity based than in
the Federal Government’s existing strategy. In future, renewable energy sources will largely
account for the supply of electricity and will also dominate the entire energy supply for the
heating, transport and industrial sectors (SRU 2011). At the same time the sectors will be
increasingly interconnected, e.g. through electric mobility and electricity-based heating. The
transformation of the energy supply system broadens the demand base for electricity and
offers flexibility options that have not been available in the past.

3.1 Dominance of fluctuating generation

11. Even if there are many different paths towards electricity supplies based on
renewable energy, it is already possible to provide a robust description of a number of central
characteristics. Various actors have presented studies of the energy supply situation in 2050.
Scenarios for an energy supply system based entirely on renewable sources include those
presented by the SRU (2011), the Federal Ministry for the Environment, Nature Conservation
and Nuclear Safety (NITSCH et al. 2012), the Federal Environment Agency (KLAUS et al.
2010), Greenpeace (BARZANTNY etal. 2009), the WWF (Oko-Institut and Prognos AG
2009), the Federation of German Industry (BDI) (GERBERT etal. 2013), the Federal
Association for Renewable Energy (KRZIKALLA etal. 2013) and the Fraunhofer ISE
(HENNING and PALZER 2012).

12. The studies are based on widely differing portfolios for the various renewable energy
generation technologies (Fig. 3-1). It is clear from the broad spectrum shown that the future
mix of renewable energy sources for electricity generation can only be predicted within broad
ranges (e.g. WINKLER 2011).
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Figure 3-1

Spectrum of different generation technologies in an electricity supply
system based entirely on renewable energy (in TWh)
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However, the studies are all agreed that hydro power capacity in Germany is largely
exhausted. Furthermore, the availability of land for the cultivation of biomass and the quantity
of usable wood and imported biomass are limited, considering that production has to be
geared to minimising environmental impact and maximising intergeneration equity (JERING
etal. 2012). The Federal Environment Agency (UBA), for example, takes a very restrictive
approach to biomass in its mix of energy sources. In view of the move away from cultivated
biomass and the focus on waste and residual substances, biomass only plays a minor role in
the UBA study (KLAUS et al. 2010).

13. Thanks to their greater and relatively inexpensive potential — as shown by the studies
mentioned — wind power and photovoltaic systems will be the two main generating
technologies. These will be supplemented by small amounts of hydro power and biomass,
and possibly also by geothermal energy and wave energy (e.g. IPCC 2011).

Great need for flexibility

14. Electricity generation from wind and solar power depends on availability. The amount
fed in fluctuates greatly depending on the weather and the season or time of day. It is
therefore possible that over a given period certain facilities may feed in their full capacity or
may even not supply any electricity at all. The changes can be very sudden, for example
when photovoltaic output is reduced by a bank of clouds. It is also conceivable that at certain
times sun and wind together will generate hardly any electricity, e.g. on calm nights. Thus
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unlike the present power plant portfolio dominated by fossil fuels, there will be limits to the
extent to which the greater part of the electricity generated can be controlled.

As a result, supply security and system stability are among the great challenges of an energy
system geared to sun and wind: The overall structure of the energy supply and energy
management system will have to adapt to the very substantial and rapid fluctuations in the
renewable energy sources and possess a high degree of flexibility.

Alternative technologies for system services

15. To ensure secure electricity supplies it is necessary to take certain measures to
stabilise the grid: these are known collectively as system services. The most important
system service is balancing power, which is used by transmission system operators to
compensate for short-term imbalances of electricity supply and demand. Capacity kept for
this purpose is capable of adjusting its generation or consumption within seconds or minutes.
Another system service is the provision of reactive power. Reactive power is the electrical
power which is needed to build up magnetic or electric fields, but cannot be used by the
consumer. In many cases reactive power is an undesirable phenomenon and has to be
compensated by taking suitable countermeasures. Black start capacity is the ability of power
generators to restart without an external power supply after a power outage, in order to
rebuild the grid.

Today system services are provided to a large extent by fossil and nuclear power stations.
When these facilities are replaced, the system services will have to be offered by other
technologies, for example storage facilities or condensers. Here too, renewable energy
sources can make a major contribution. Even today the newly constructed renewable energy
installations have to provide system services . These functions must be catered for when
designing the installations. First steps to make it easier for fluctuating renewable installations
to show that they satisfy these criteria for the provision of system services have been taken
with the introduction of the Ordinance on System Services by Wind Energy Installations
(SDLWindV) and requirements for photovoltaic installations (LEPRICH et al. 2012, p. 45f.;
Consentec et al. 2011). There is however a need for further research into the question of
how to provide efficient incentives for system services and what requirements make sense
for renewable energy installations.

3.2 Load balancing options

16. There is a broad spectrum of options for load balancing. Particularly important factors
are local distribution through the mains grids, and demand side management to compensate
for the expected large fluctuations over time. Furthermore, in addition to controllable
renewable energy, storage systems can be used to ensure system stability and above all to
compensate lengthy supply outages resulting from meteorological conditions. In situations
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with extremely high renewable feed-in it is also possible to curtail the output of renewable
energy installations.

3.2.1 Grid reinforcement and grid expansion
as the most important flexibility option

17. The grid infrastructure connects generation and consumption at the various levels
(distribution grid, high-voltage and extra-high-voltage grid, and also, in future: overlay grid). It
needs to be adjusted to the changed electricity generation structures. Centralised and
decentralised structures can be expected to exist in parallel. Grid reinforcement and grid
expansion are the first and most important flexibility option: statistically speaking, maximising
the large-scale interconnection of a wide range of capacity, supply and demand profiles
ensures better management of generation and load peaks. Grid optimisation is not only
cheaper and faster to implement than many storage solutions, but is also a precondition for
making use of other flexibility options both on the supply side and on the demand side. In
particular, adapting the grid infrastructure would tap potential for demand side management
(cf. Section 3.2.3, Smart Grid) and cater for the greater coordination needs resulting from
increasingly decentralised feed-in (IPCC 2011, Chapter 8; Agora Energiewende 2013b;
MATSCHOSS 2012).

Adapting the grid infrastructure should not be confined to the national level. Pan-European
interconnection is the lowest-cost option for making efficient use of renewable energy. Not
enough attention is paid to this aspect, especially in studies confined to Germany
(KRZIKALLA et al. 2013; ADAMEK et al. 2012; GERBERT et al. 2013). An optimised pan-
European grid would permit large-scale cross-border compensation of regional or
technology-specific supply fluctuations across a number of renewable energy sources and
regions. A pan-European grid could certainly help to compensate, at least partially, for the
different load profiles in various European countries (SRU 2011; ECF 2010). A European
system would also make it possible to integrate more potential from countries outside Europe
in the system.

3.2.2 Making electricity supply more flexible

18. Once the installations are in place, electricity generation from wind and sun can only
be controlled by curtailment. Temporarily reducing output means forgoing electricity
generation, with the result that the installation is less well utilised and becomes more
expensive for the operator because of the longer payback period. In individual cases,
however, it is possible that from the point of view of the economy as a whole “doing without a
few kilowatt-hours [...] may be less expensive than costly grid expansion or long-term
storage of energy” (KRZIKALLA etal. 2013, p. 38; similarly Deutscher Bundestag 2012,
p. 34). Another factor is that feed-in peaks only occur for a relatively small number of hours a
year (KRZIKALLA et al. 2013, p. 39). If, on the basis of the data available for 2011 and 2012,
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one were to limit the joint feed-in of all wind and photovoltaic installations to 80 percent of the
maximum feed-in recorded, less than 1 percent of the generatable electricity would be lost
(KRZIKALLA et al. 2013).

At present, biomass plants for generating heat and power (co-generation, CHP) are used for
generating base load. Technically, however, it is possible to use them for supply-side
management. To permit more electricity-driven operation, existing installations need to be
expanded by adding a heat storage facility and, in the case of biogas plants, a gas storage
unit as well. In principle, the biogas generated can also be fed into the existing natural gas
network, obviating the need for a separate gas storage unit (KRZIKALLA et al. 2013; SRU
2011).

Power storage facilities and electricity generation using methane produced from renewable
sources can also help to control the amount of electricity supplied (Section 3.2.5).

3.2.3 Making demand more flexible

19. An electricity system based on renewable energy calls for a paradigm change when it
comes to balancing supply and demand. Whereas in the past generation has been geared to
the load, i.e. supply geared to demand, in future the load will — as far as possible — also have
to adjust to the fluctuating supply due to wind and sun. The classic mechanisms of load
shifting, i.e. shifting the timing of demand, include in particular the adaptation of industrial
demand for electricity, as already practised today in individual cases. Many industrial
processes, such as cooling, can be suspended or reduced for a limited period (Agora
Energiewende 2013b, p. 27 f.). The potential for load shifting tends to diminish as the
duration increases. For example, there is a marked drop in the possibility of stepping up the
load to “catch up” if the period concerned is more than one hour (KRZIKALLA et al. 2013,
p. 30). A lengthy cutback in production is not necessarily followed by a corresponding
increase in production, which may result in load shedding rather than load shifting.

There is uncertainty about the scale on which it will be possible to make economic use of
industrial load shifting and load shedding in future. Many studies, however, assume that
considerable technical potential already exists, but has not yet been tapped — because of the
rarity of price peaks today, the generally low price differences in the wholesale trade and
because of conflicting framework conditions (e.g. KRZIKALLA etal. 2013, p. 28 ff.; Agora
Energiewende 2013b, p. 27 f.; 2013a). Larger fluctuations in wholesale electricity prices in
future could however provide suitable incentives.

Demand side management potential also exists in small-scale industries, in the trade and
services sector (GHD) and in private households (GERBERT et al. 2013; APEL et al. 2012).
To date, however, this potential is largely untapped and more widely distributed, which would
make it necessary to integrate a much larger number of electricity consumers.
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Exploiting the potential technically available presupposes the creation of new grid
infrastructures with information and communication technologies (smart grids). Smart meters
make it possible, by interacting with load-dependent tariffs, to use more low-cost electricity at
low-load times and to smooth out peak loads by temporarily reducing demand (IPCC 2011;
APEL etal. 2012). There is also a need for appliances that can be controlled by smart
meters (smart appliances). To date, however, these are not sufficiently mature for the
market. In view of the average replacement frequency of household appliances, such
appliances can be expected to come into extensive use some eight to twelve years after
market launch (KRZIKALLA et al. 2013).

At present it is uncertain how great the potential is in the household and GHD sectors and
whether the necessary investment is worthwhile (Agora Energiewende 2013b; Deutscher
Bundestag 2012). The cost of smart meters could be at least partially offset by positive
aspects such as help with reducing electricity consumption and remote reading (SRU 2008,
Item 123). Many potential customers have (as yet) failed to see the additional benefits, and
the energy supply companies have displayed little inclination to make the necessary
investments. According to a study for the Federal Economics Ministry (BMWi) by Ernst &
Young, private households and small-scale industrial consumers can currently expect the
increased costs to be fully compensated by energy savings if their annual electricity
consumption is upwards of 6,000 kwWh (EY 2013). Furthermore, efficient use of smart grids is
only possible if the consumers are prepared to permit external control of at least part of their
consumption. However, the use of smart meters and external control of consumer appliances
runs into economic, psychological and data privacy obstacles, especially in the case of
private households (KRZIKALLA et al. 2013; BRUNS et al. 2012).

20. On the whole, considerable technical potential exists, especially in industry. The
integration of new electricity consumers like the heating and transport sectors will also tap
further potential for increasing flexibility. However, the extent to which this can be used is
very uncertain and depends in part on the further design of interfaces between the electricity,
heating and transport sectors. In the household and GHD sectors, further cost-benefit
analyses are necessary to determine the extent to which the necessary initial investment
makes economic sense. In view of changes in the technical, legal and social framework, it is
not possible at present to make any reliable statements about future developments.
However, more volatile wholesale prices in the future can be expected to offer considerable
incentive to increase the flexibility of demand.

3.2.4 Conversion of electricity

21. The current debate ascribes the greatest development potential to conversion of
renewables-based electricity to hydrogen (H,) or methane (CH,) — “power-to-gas” (PtG). This
is due above all to the possibility of directly using hydrogen or renewables-based gas or
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storing it for long periods and — especially in the case of methane — making extensive use of
the existing natural gas infrastructure (e.g. NITSCH et al. 2012).

22. PtG technology is more expensive and involves greater losses than other storage
technologies. Using PtG to generate electricity only makes economic sense if more efficient
load balancing technologies are exhausted. Moreover, the gas generated can be used
directly in other sectors, and especially for heating purposes.

But PtG offers a wide range of other possibilities. If the energy input is sufficiently high, CO,
and water can be used to synthesise the main hydrocarbons (C,H,) (HOHLEIN et al. 2003).
In further synthesis processes, methane can be converted to longer-chain hydrocarbons
such as ethylene, propylene and even synthetic fuels — “power-to-liquid” (PtL). Direct
synthesis routes are also conceivable. As well as being used for energy purposes in
combustion engines or fuel cells, the hydrocarbons produced in this way using renewable
energy have a wide variety of potential industrial uses, e.g. as central synthetic building
blocks in the chemical industry. In view of their high energy density, hydrocarbons in
gaseous or liquid form are suitable for worldwide transport in proven logistics infrastructures.
Figure 3-2 shows the production of methane from renewables-based electricity and the wide
range of uses to which it can be put.

Figure 3-2
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23. The efficiency of PtG technology varies depending on how it is used. The overall
efficiency of electricity generation from methane produced with renewables-based energy is
only about 30 percent. If the methane is used directly as a gas, e.g. in a heating network, the
efficiency is between 45 and 55 percent. The efficiency can be improved by making use of
the heat produced during electrolysis and methanation (NITSCH et al. 2012). If the hydrogen
produced in the first stage is used to generate electricity, an efficiency of around 50 percent
is achieved (KRZIKALLA et al. 2013).

Production of synthetic fuels for the transport sector also reduces efficiency considerably to a
level assumed to be in excess of 50 percent. This process is still under development,
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however; efficiency levels are expected to rise to about 70 percent (sunfire 2013). Moreover,
the relatively low efficiency of present-day spark-ignition engines due to technical factors
means that the overall efficiency of the electricity used in producing these synthetic fuels is
around 25 percent.

On the whole, fossil natural gas should be replaced by renewable electricity, as is the case in
the heating sector, for example (“power-to-heat”). Converting electricity from renewable
energy sources into gas with attendant high losses only makes sense once more efficient
flexibility options have been used. When using this renewables-based methane, priority
should be given to those applications that display the greatest efficiency.

The cost of methane production is essentially made up of the cost of the electricity for
conversion, electrolysis, methanation, and capturing the CO, needed for methanation (e.g.
NITSCH et al. 2012). It is assumed that the plant-related capital cost will fall over time as a
result of technological advances, economies of scale and greater maturity and market
penetration (ADELT et al. 2013; TICHLER 2011).

3.25 Load balancing using storage facilities

24. Electricity storage facilities can serve very different purposes and may be used at
various grid levels. Depending on the technology, they can be used for short, medium and
long-term load balancing, and also for providing system services. The storage technologies
available today range from small decentralised battery units though compressed-air storage
units to large, centralised pumped-storage system that are already in use. Another option is
the conversion of electricity into chemical energy sources.

A major factor in the choice of storage technology is the electricity production costs, in other
words the cost per energy unit reintroduced into the market. It may be assumed that the
market price of the electricity to be stored is close to zero, since only electricity that is not
sought on the market by direct consumers will be stored. The electricity production costs are
therefore dominated by capital costs and operating costs, and by the discharge frequency of
the storage facility. The spectrum of use for the various storage technologies varies
depending on the quantity of energy to be stored, the storage duration and the speed of
response. A description of the main technologies is given below, with a comparison of their
costs.

Pumped storage

25. Conventional pumped storage power plants have an efficiency of between 65 and
85 percent, and their electricity production costs are between 4 and about 10 cents per kwWh
(NITSCH etal. 2012; FAULSTICH 2011; MAHNKE and MUHLENHOFF 2012). They are
technologically mature, so the parameters available today with regard to costs, efficiency and
storage duration can be used to draw conclusions about the situation of pumped storage in
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the energy system of the future. Pumped-storage systems have been used in Europe for
decades and are currently regarded as the most cost-effective storage technology for the
foreseeable future (KRZIKALLA et al. 2013; GERBERT et al. 2013; SRU 2011).

In Germany storage capacity is around 6.6 GW, and by 2050 this figure could increase to
10 GW (HENNING and PALZER 2012). Pumped storage systems of the order of 4 GW are
currently at various stages of the planning process. KRZIKALLA et al. (2013) believe that
these could be available by 2020. The possibilities for expanding the existing pumped-
storage capacity in Germany are limited because of the necessary geographical conditions.
The technically feasible potential is nevertheless thought to be considerably higher than the
10 GW mentioned above. However, since conventional pumped storage systems involve
serious encroachments on nature, environment and landscape, there are major social and
environmental restrictions which limit the potential that can actually be used (KRZIKALLA
et al. 2013; BRUNS et al. 2012).

Research is under way into the option of installing pumped storage systems in abandoned
open-cast mines (SCHULZ 2009) and coal mines (NIEMANN etal. 2012). When using
abandoned open-cast mines, the existing excavation is used as the lower lake, and the
upper lake is artificially created. Thus, as in conventional pumped-storage systems, this
involves an encroachment on the environment and the landscape. By contrast, the visible
impairments of the land surface when using coal mines are much less serious. On the other
hand, BRUNS et al. (2012, p. 194) point out that the underground use involves substantial
“environmental risks arising from pollution and possible displacement of pollutants”, and that
there is also a risk of “the pumped water [...] finding its way into the groundwater”. Moreover,
pumping large quantities of water in and out could destabilise the mines.

Pumped storage systems in Germany are particularly suitable for providing system services
and for short and medium-term storage. The volume of the available pumped-storage
systems in Germany is not sufficient to address seasonal imbalances, for example if there is
no wind for several days or even weeks. Pumped-storage systems in Germany could be
supplemented, particularly in the context of a pan-European grid, by making use of storage
facilities in the Alps and Norway for seasonal load management. The potential is
considerable (FUCHS etal. 2012; SRU 2011; EURELECTRIC 2011; ESS etal. 2012).
However, a number of economic, political and environmental obstacles to implementation
have to be taken into account (BRUNS et al. 2012; OHLHORST et al. 2012; GULLBERG
2013).

Compressed-air storage

26. Conventional compressed air energy storage (CAES) systems are technologically
mature, but the heat generated during storage cannot be used on retrieval. With a figure of
slightly over 40 percent, their efficiency is lower than other technologies. Trials are in
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progress with advanced adiabatic compressed air energy storage (AA-CAES) systems, in
which the heat produced during air compression is temporarily stored and reused when
recovering the air for electricity generation. Although their efficiency, at 62 to 70 percent, is
also lower than that of pumped-storage systems, research is in progress on increasing it by
means of improvements in heat storage and compressor and turbine technology. In view of
physical restrictions, however, compressed-air storage systems will not be able to reach the
efficiency levels of pumped storage systems (KRZIKALLA et al. 2013).

While the capital cost of adiabatic compressed-air storage systems is about the same as for
pumped-storage systems, their operating costs are higher (FREY 2007). The resulting
electricity production costs of 10 to 23 ct/kWh (KRZIKALLA et al. 2013; NITSCH et al. 2012;
FAULSTICH 2011; MAHNKE and MUHLENHOFF 2012) mean that the economic efficiency
of compressed-air storage systems is less than that of pumped-storage systems. When
assessing the suitability of compressed-air systems for long-term storage it must also be
remembered that they are affected by considerable losses of pressure, and hence capacity,
in the course of time. It is also necessary to take account of conflicts of use due to geological
factors, especially with regard to storage of natural gas and/or (in future) methane produced
using renewable energy (KRZIKALLA et al. 2013; BRUNS et al. 2012). One advantage lies in
the geological availability situation, because compressed-air storage systems can be created
in central and northern Germany in particular. This means they are close to the main centres
of wind energy generation (BRUNS et al. 2012; KRZIKALLA et al. 2013). The potential is put
at 9 billion m*® or 27 TWh (HARTMANN et al. 2012). This volume is sufficient to bridge a two
week period of little or no wind (KRZIKALLA et al. 2013). Adiabatic compressed-air systems
could supplement pumped-storage systems once the potential of the latter is exhausted.

Methane produced using renewable electricity

27. Estimates of costs for producing and storing renewables-based methane (PtG) are
basically still very uncertain (NITSCH et al. 2012, p. 95). Whereas other technologies are
dominated by the capital cost of storage capacity, the infrastructure for the storage of
methane already exists in the form of the gas grid and gas reservoirs. The storage capacity
available in Germany is sufficient to ensure electricity supplies for a period of about three
months (KRZIKALLA et al. 2013). In this respect methane differs from the other storage
technologies, where the costs of providing the infrastructure are of great significance.

In view of their high capital cost, PtG systems can only be run economically at a high level of
full-load hours. It must nevertheless be remembered that surpluses generated from
renewable energy, with correspondingly low market prices, only exist for a limited period of
the year. The extent to which PtG systems can also be operated at times of high electricity
prices depends on demand from other sectors, i.e. heating, transport and industry, and what
they are prepared to pay. On the whole, it may be assumed that — as with electricity from
other storage technologies — storage of renewables-based methane will only take place
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when there is no market demand for methane for direct use in the heating, transport and
industrial sectors. As with the price of electricity for storage in pumped or compressed-air
storage systems, this means that the market price of the methane for storage will be below
average.

Using PtG-generated methane for seasonal storage is a promising long-term option, but as
yet it is difficult to assess its real potential.

Battery storage

28. In the electrochemical storage sector one can distinguish between lead-acid batteries,
nickel-based systems, high-temperature batteries, lithium-ion batteries, redox-flow batteries
and zinc-air batteries (efzn 2013). At present, electrochemical storage systems are not
economic because of their high costs. However, cost reductions can be expected for all
technologies, especially in the case of lithium-ion batteries (Fig. 3-3).
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Among other things, electrochemical storage systems are suitable for providing system
services. In particular, batteries with a fast response can be used to compensate the
reduction in inertial masses in an electricity system based on renewable energy (momentary
reserve), and to help with frequency stabilisation. Basically, battery storage systems are also
suitable for short and medium-term load management. As a rule, however, they are not
suitable for long-term load management in view of their limited storage capacity and self-
discharge properties.
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Evaluation

29. Storage systems can help to manage two challenges in particular. On the one hand
they are capable of balancing a sizeable long-term difference between electricity supply and
demand. In an electricity supply system largely based on renewable energy, storage systems
are needed above all to bridge periods of low availability of sun and wind (KRZIKALLA et al.
2013; Agora Energiewende 2013b; Deutscher Bundestag 2012; SRU 2011; CZISCH 2009).
In the long-term it is therefore necessary to build up storage capacity suitable for longer-
lasting storage covering days and weeks. On the other hand they can provide system
services independently of conventional power stations, such as momentary reserve,
electricity balancing, reactive power and black start capacity.

30. As far as the economic assessment of storage technologies is concerned, the crucial
factor is electricity production costs. They reflect not only the cost of the storage
infrastructure and the operating costs, but also the efficiency of the technology or the losses
it involves. The number of discharges is relevant here: the smaller the number of storage
cycles, the higher the electricity production costs will be (GRUNWALD et al. 2012). Thus the
question of which technology is the most favourable depends, among other things, on how
often it is used. Figure 3-4 shows that certain technologies — especially those where capital
costs are high — become very expensive if they are not used very often. The spectrum of
costs for the various technologies is based on different assumptions (GRUNWALD et al.
2012).

Figure 3-4
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The profitability of storage facilities also depends on the electricity price difference (“spread”)
at the time of storage and retrieval. When considering the costs of compressed-air and
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pumped storage, it may be assumed that in a system based on renewable energy the market
price for the electricity to be stored will be very low, since long-term storage facilities will
usually only come into use if there is no market demand for direct use of the electricity
generated.

Many promising technologies are in the early stages of development or not yet sufficiently
mature for the market. This applies, for example, to synthetic production of methane, and
also to adiabatic compressed-air storage, electrochemical storage and underground pumped
storage. Before an electricity supply system largely based on renewable energy becomes a
reality, we can therefore expect to see considerable technical advances which will have a
positive impact on the cost structure of these still relatively immature technologies
(GERBERT et al. 2013).

31. It is not possible to define precisely the renewables share above which the use of
storage facilities will become necessary (BRUNS et al. 2012), especially because the storage
requirements depend on the use made of the other flexibility options described. If flexibility is
high, far fewer storage facilities will be needed than in a rigid overall system. A study by the
German Institute for Economic Research (DIW) examines storage requirements and works
on the basis of a renewables share of 85 percent of gross electricity generation. It finds that if
total annual electricity generation from renewable sources in 2050 is curtailed by 1 percent, a
capacity of 16 GW will be needed for longer-term storage. If there is no curtailment, for
example because this is not felt socially or politically desirable, the storage requirement rises
to 54 GW. If the overall system is not flexible, however, the DIW arrives at a storage
requirement of 93 GW without curtailment and 61 GW with curtailment of 1 percent of the
energy generated (SCHILL 2013).

Recent studies (KRZIKALLA et al. 2013; Plattform Erneuerbare Energien 2012; ADAMEK
etal. 2012; NITSCH et al. 2012) expect use of storage facilities to increase upwards of a
renewables share of 35 to 40 percent or more of electricity generation. The pumped-storage
systems already on the market will be used first. When the share rises to 50 percent or more,
compressed-air systems will also play a part. By contrast, PtG will only come into use as a
storage option for the electricity sector (reconversion) at a later stage, when the renewables
share reaches 80 to 90 percent. Agora Energiewende draws attention to the fact that new
storage technologies in particular, such as battery systems, adiabatic compressed-air
storage or PtG, involve high costs, so using them only makes sense at a renewables share
of 70 percent and over (Agora Energiewende 2013b).

3.3 Integrating the sectors

32. As described above, electricity supply will in future be much more electricity based
than in the past. The heating, transport and industrial sectors will to a large extent be
supplied with electricity from renewable sources (Fig. 3-5). This broadens the demand base
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for electricity, and gives rise to previously non-existent flexibility potential. A number of load
balancing options emerge: For example, the heating sector can use electricity that has been
generated but is not needed by electricity consumers. Electricity can be temporarily stored to
shift the load in time, e.g. when electricity is stored in the batteries of electric vehicles.
However, there is reason to expect that the electrification of other sectors will result in
increased demand for electricity (UBA 2013). This additional demand for electricity should as
far as possible be met at times when there is a surplus of renewables-based electricity.

Figure 3-5
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Heat

33. Heating in Germany is currently responsible for nearly 40 percent of the country’s
total CO, emissions. In the context of ambitious climate objectives, the heating supply
system of the future must be founded on renewable energy (Fig. 3-6). According to a study
by the Fraunhofer Institute for Solar Energy Research (ISE), it would be possible to meet
Germany’s electricity and heat requirements entirely from domestic renewable resources
without imports (HENNING and PALZER 2012). This would cover about 62 percent of
Germany’s primary energy requirements.

In Germany some 10 percent of heat comes from renewable sources, with biomass
accounting for a dominant 92 percent of this figure (UBA 2012). Solar thermal and
geothermal energy contribute about 8 percent of heat supply from renewable sources (op.
cit.).
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Figure 3-6

System for supplying the heating sector with renewable energy sources

Geothemal Heat \—b
> Heat Heat Heat
Solar production »> pump
> | Use
Wind Electricity |Electr Heating |Heat - Space heating
e ; > * -
generation element (private households,
Hydro > municipal facilities,
light industry/trade/service)
- Process heat
(process engineering,
_|H2 food industry,
» Electrolysis basic industries)
Cogeneration
C.H Heat
Conversion —— of heat ca
and power
Process emissions / Air CO; +
capture

Biomass

SRU/SG 2013/Fig. 3-6

In the medium and long term electricity will play a much greater role in the heating sector.
Whereas electric heating of existing buildings must currently be regarded as making little
sense, passive houses in the future will have such low residual heat requirements that it
does not even seem worthwhile laying a gas pipe, and heat can be supplied more efficiently
on the basis of electricity. For existing buildings and industry, a sustainable heat supply
system using hydrocarbons produced from renewables-based electricity would seem a
possibility, in this case with methane as a substitute for natural gas. The synthetic natural
gas can easily be fed into the existing gas network and used in high-efficiency combustion
plants where and when it is needed.

Transport

34. Between 1999 and 2011, total passenger traffic in Germany increased by 7 percent
and total freight traffic by 31 percent (BMWi and BMU 2012). As a result, despite substantial
improvements in efficiency, final energy consumption in the transport sector showed only a
slight decrease. In view of this trend, climate policy considerations make it necessary to put
the transport sector as a major energy consumer on a sustainable footing (Fig. 3-7).
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Figure 3-7
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35. Full electrification on the basis of renewable energy would seem to be feasible in the
motorised public and individual transport sector. In terms of total energy, changing the
43 million passenger vehicles in Germany to electric mobility would result in an annual
increase of up to 100 TWh in demand for electricity (SRU 2011, Item 118).

It also seems possible to organise urban deliveries with small and medium commercial
vehicles — e.g. post and parcel services — and taxis and some motorised local public
transport on the basis of electricity. By using batteries, the electrified part of the transport
sector could serve as a means of storing surplus electricity generated by sun and wind.

36. However, the technical and economic design of the interfaces is important if the
transport sector is to make a contribution to load balancing. Here the transport sector’s
demand for electricity should be geared as closely as possible to the amount of electricity
actually available at a particular point in time, without placing excessive restrictions on users’
mobility needs. Research is currently in progress into reconversion from batteries into the
electricity grid, which would turn the transport sector into a huge storage module
(“Leuchtturmprojekt der Bundesregierung Intelligente Energie: Elektroautos mit
Schwarmstrom”, press release by Volkswagen AG, 30 May 2013). One should nevertheless
be cautious when assessing this potential. There is also uncertainty as to when the
technology will be sufficiently mature for the market and be able compete successfully with
other storage technologies.

In road freight traffic, and also in sea and air transport, electrification is a much more difficult
proposition, since as yet only the railway system is largely electrified. In the road freight
sector, electric trolleys in the near-side lane could be supplied with electricity from overhead
lines (SRU 2012). In an intelligent mixed system the trucks, equipped with hybrid technology,
could be operated with renewables-based fuel on federal or regional roads where traffic
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levels hardly justify large-scale installation of overhead lines. In the sea and air transport
sectors, however, only liquid fuels with a high energy density would seem to meet the
requirements at present, in view of the very long distances and heavy loads. In principle it is
conceivable that in the not too distant future aircraft or ships in particular could be run on
fuels based on electricity generated from renewable sources.

Basic industries

37. Hydrocarbons (CiH,) are of great importance, both as fuels and as feedstocks for
basic materials and intermediate products along the material value chain. In view of the need
for decarbonisation, fossil hydrocarbons will increasingly be replaced by substitutes of
renewable origin. This applies in particular to the manufacture of products in the metal
industry and building materials such as cement or lime, and to various products of the
chemical industry (a more detailed view can be found in EGNER et al. 2012, p. 53f.). The
element hydrogen plays a key role here. Electrolysis is used to convert electricity from
renewable energy into hydrogen and oxygen. The hydrogen reacts with CO, to form storable
products like methane, methanol or other hydrocarbons (BROOKS et al. 2007; Fig. 3-8, see
also Item 22).

Figure 3-8
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By using CO, as an alternative source of carbon, it appears possible in principle to replace
the present basic fossil resources. This means there are alternatives to biomass as the only
renewable source material for organic carbon chemistry. In future the hydrocarbons
synthesised from electrolytic hydrogen and CO, — e.g. methanol — can be used as basic
chemicals. Methanol is one of the most important and economic synthetic raw materials.
Worldwide, some 90 percent of it is used in the chemical industry, and it can serve as a basis




53

for manufacturing almost any desired conventional petrochemical product (KAUSCH et al.
2011; ARPE 2007).

Hydrogen or hydrocarbons produced from renewables-based electricity can also be used for
metallurgical reduction processes such as iron smelting. In the blast furnace sector, carbon
in the form of coke is essential as a reducing agent. The ULCOS (Ultra-Low Carbon Dioxide
(CO,) Steelmaking) research programme is currently investigating innovative electricity-
based smelting technologies in which the fossil carbon needed for reduction is replaced by
hydrogen or renewables-based hydrocarbons such as methane. In electric steel production
and in non-ferrous metallurgy, electrolysis of copper and aluminium is in any case driven by
electricity, and in the latter case this mostly comes from hydro power.

3.4 Interim conclusions

38. Transforming the energy system into a system where electricity is largely generated
from fluctuating energy sources as lead technologies has very extensive implications going
far beyond the mere substitution of fuels. What is in fact required is a fundamental
restructuring of the entire energy system in which the focus is on the supply of electricity from
wind energy and photovoltaic systems and all other system components have to be geared
to the special features of these energy sources. All controllable capacity must serve to
balance the supply of renewable energy.

There is basically a large portfolio of load balancing options. In the long term, this will have to
be used to the full. What contribution the individual components make, and in what order
they are used, depends on a large number of technical, economic and regulatory factors
which will emerge as the transformation of the energy system progresses.

First of all, an energy system that draws its supplies largely from renewable energy means a
supply system which is based much more on electricity and which breaks down the
boundaries between the individual sectors. Other important features of this new system will
be the possibility of converting between the various forms of energy (electricity, heat, fuels)
and the interaction of the consumer sectors (buildings, transport, industry).

Grid optimisation and grid expansion in Germany are of special importance for load
balancing. The grid is also a precondition for being able to take advantage of the options for
more flexible supply and demand. Furthermore, there is a need for greater interconnection of
the European power grids and markets, in order to balance rapid variations in electricity
supply over as large an area as possible and cater for regional and timing differences.

Demand side management and storage facilities will play a major role in an energy supply
system based largely on renewables. Their capacity to ensure secure supplies even in
unfavourable meteorological situations by storing for long periods and shifting large
gquantities of energy is an important factor.
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4 Design of an electricity market based entirely on
renewable energy

39. As described in Chapter 3, the demand sectors heat, transport and industry will be
increasingly integrated in future. A wide variety of storage technologies will be available, and
further national and European options for flexible load balancing will have been developed.
This will broaden the demand base for electricity, and will open up many new flexibility
options that can be used to respond to the availability dependence of electricity generation

from renewable sources.

An energy system of this kind, in which weather-dependent energy sources will be the lead
technologies, has a number of characteristics and functions that differ from the present
system (based on WINKLER 2011; WINKLER and ALTMANN 2012):

— A large proportion of the generating capacity cannot be fully controlled. This will make it
more difficult to satisfy the constantly fluctuating demand. Demand side management will
have to make a contribution to ensuring power supplies.

— The fact that electricity production is less predictable will present a challenge for forward
transactions. All in all, events on the market will move faster, and contracts will be for
smaller quantities.

— There will be changes in the cost structure of the electricity generation portfolio. It will be
characterised by a large share of fixed-costs and a small share of variable costs.

— There will be a need for considerable back-up capacity, which will not be used very
frequently.

40. These new technical features have consequences for the functioning of the electricity
market, and hence also for the necessary market design. How the market is designed relates
to the issue of the best balance between market and state coordination and how it is
organised. Basically, this means that not only today, but also in a future electricity supply
system based largely on renewable energy, the market design has to perform three main
functions:

— managing power plant capacity deployment more efficiently,

— ensuring adequate flexibility to cover the residual load, i.e. the electricity demand that
remains to be met after deducting the feed-in from availability dependent renewable
energy sources, and

— reliably financing the capacity needed from a supply security point of view.

The following section analyses the extent to which the present energy-only market is likely to
be able to perform the three functions in a system based on renewable energy.
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4.1 Managing deployment

41. In the present energy system the energy-only market efficiently manages how
capacity is deployed (cf. Chapter 2): The generation capacities (power plants, renewable
energy installations and storage facilities) with the lowest variable costs are used first. Only if
demand is higher do capacities with higher variable costs come into play. The deployment
management function is concerned not only with generation capacity, but also essentially
with demand: even today, large commercial electricity consumers cut back their demand if
the wholesale price of electricity exceeds what they are prepared to pay.

In a future energy supply system based on renewables, wholesale prices will be much more
volatile than today: in view of the large fluctuations in residual load there will be hours when
electricity prices are very high and hours when they are very low (price spread). A high
energy exchange price indicates a relative shortage of electricity supply. This provides
generators (e.g. storage facilities and controllable renewable energy installations) with
incentives to step up the amount of electricity they feed in to the market; flexible consumers
have an incentive to reduce their power consumption. A low energy exchange price, by
contrast, indicates a relatively abundant supply of electricity: flexible consumers can step up
their demand in line with what they are prepared to pay, and storage facilities take electricity
on board so that they can offer it to the market again when prices are high. Owing to the
greater integration of the demand side in load balancing, the picture of supply security
changes. Certainly there will still be a claim to security of supply in the sense of centrally
organised system security (blackout protection). However, whereas most people today
associate the term with constant availability of the electricity they want at a fixed price, in
future there will be a price-driven or contractually agreed cut in demand when prices are high
at peak-load times. Together with the interconnected electricity-based world described in
Chapter 3 with the integration of other sectors, storage facilities and methanation plants, this
will on the whole increase the price elasticity of demand and reduce maximum annual loads
compared with a less flexible world.

If supply capacities are not inefficiently large, there will for large parts of the year be demand
for larger quantities of energy than can be produced at the near-zero variable costs of
renewable energy. These will be used, for example, for the needs of households and
industry, and also to produce methane or methanol or to meet foreign demand. Because of
the resulting rise in prices, there will come a point when capacity with higher variable costs
comes into use, such as waste biomass, storage facilities and generating plants in other
countries. If the shortages and prices continued to increase, methane production would be
discontinued and reconversion in gas-fired power stations would begin in response to further
substantial price rises (preceded by load shifting). The latter, however, would only happen in
the event of significant price peaks, because the large efficiency losses of reconversion
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require a correspondingly broad price spread. On the whole the order in which generating
capacity is deployed will depend on the variable cost rankings, or merit order.

On balance it can be said that, even with fluctuating renewable energies as lead
technologies, capacity deployment can be managed cost-effectively by the energy-only
market. Even if a large proportion of renewable energy installations are fluctuating and
cannot be fully controlled (inelastic supply), the energy-only market ensures the most
efficient use and carefully timed balancing of electricity supply and demand.

4.2 Increasing flexibility

42. Particularly on a long-term view, it is not possible to predict accurately the amount of
electricity fed in by wind and photovoltaic systems. This gives rise to considerable
requirements regarding controllable capacity on the supply and demand side to meet large
and rapid fluctuations in residual load. To translate these technical requirements into market
incentives, the market structures also need to be suitably flexible and fast-acting, and to
cater for grid operator aspects. The aim is to minimise deviations from forecasts about
fluctuating feed-in and the resulting balancing power requirements. It is also necessary to
take a number of other measures that make the entire energy system more flexible (cf.
Chapter 3) and thereby strengthen the energy-only market.

The shorter-term focus presents challenges for the forward transactions market. This is
particularly important for hedging short-term price risks. Weather-dependent energy sources
cannot offer reliable output to the same extent as controllable capacity. Some experts
therefore see risks for futures trading and fear a need for high risk premiums (LEPRICH et al.
2012). At the physical level the necessary size of such premiums depends on access to
balancing options and their costs, e.g. interconnection and storage facilities. At all events
there will continue to be a demand for futures market products. Although weather-dependent
capacity can be integrated in portfolios with assured capacity (KOPP et al. 2012), this in itself
creates a need for such assured capacity. However, assured capacity is increasingly limited
in an electricity supply system based largely on renewable energy. For example, generation
from biomass provides assured renewable capacity. Assured capacity can also be indirectly
derived from fluctuating energy, for example through pumped storage or through the power-
to-gas technology. Furthermore, prices on the spot market will be more volatile than today,
which might cause it to lose its signal function for futures transactions. The actors on the
markets can nevertheless be expected to adapt to the new challenges and develop new
strategies and products. It therefore seems likely that the market will see the entry of more
intermediaries than at present, who will offer and control the renewable electricity produced
on a decentralised basis by large numbers of households. Bundling decentralised electricity
in this way makes it possible to offer a portfolio of weather-dependent and assured capacity
on the market and to control its supply on the basis of price.
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4.3 Financing

43. At present the energy-only market has not only the function of managing capacity
deployment, but also a financing function. In other words, prices on the energy-only market
must be high enough for power station capacity to make a sufficient contribution to covering
fixed costs over and above the variable costs. They must also provide incentives to invest in
new capacity.

The situation will be different when electricity supplies come largely from renewable energy
sources. While one can expect the energy-only market to provide financing for the capacity
that is regularly needed to cover the fluctuating residual load, there will be two other types of
generating capacity that will in future require supplementary funding:

— In general, the fluctuating renewable capacity will have to finance itself.

— There will be a need for back-up capacity (gas power plants for reconversion) for the
case that occurs every few years of a lengthy seasonal shortage of electricity from
renewable energy sources. Renewable fuel must be kept in reserve for these back-up
facilities. In addition, back-up capacity will be needed for the rare case of maximum
residual load, when a shortage of electricity feed-in from fluctuating renewable energy
installations coincides with heavy demand.

4.3.1 Renewable capacity

44, In general, the price level on the energy-only market must be sufficiently high to
ensure that companies continue to invest in renewable energy several decades hence. Even
if electricity supplies are based largely on renewable energy, the design of the market must
offer sufficient financial incentives for both fluctuating and controllable renewable capacities
and storage facilities, and also for infrastructures.

At present the price on the energy-only market is determined by the variable costs of the
marginal generating capacity . In future we can expect prices on the energy-only market to
be determined directly by demand, and also that they will be above the marginal costs of the
marginal generating capacity. The short-term marginal costs of electricity production from
wind and sun may be close to zero, but their generating capacity is technically limited and
fluctuates considerably. If electricity customers’ marginal willingness to pay on reaching the —
fluctuating — maximum electricity supply is greater than zero (i.e. above the marginal costs of
the most recently added generating capacity), then a positive market price in excess of
marginal costs is needed to balance supply and demand. The resulting market price does not
reflect the marginal costs of generation, but the scarcity of the good “electricity” and the
marginal utility of the last kilowatt-hour generated. In situations dominated by such scarcity
prices, all (renewable) generating capacity can generate a profit contribution (NICOLOSI
2012, p. 8ff). In view of the demand sector integration described in Chapter 3 (heat,
transport, basic raw materials), the spatial integration (interconnection with load profiles in



58

other countries) and time-shifting options (storage), demand will be considerably more price-
elastic than in the past, with the result that positive prices can still be expected even at
relatively high levels of renewable generation. Thus even in a supply system based largely
on renewable energy, a situation in which there was no use for fluctuating electricity and the
exchange price dropped to zero or in which curtailment of renewable generation was
necessary would be a rare occurrence, as it would mean that throughout Europe there was
no pumped-storage, compressed-air or gas-storage capacity available, and no demand for
heating or refrigeration. In view of the large proportion of wind and solar energy with variable
costs close to zero and sizeable fluctuations in supply, prices on the electricity market can
nevertheless be expected to be lower and more volatile than at present in an electricity
supply system based largely on renewable energy.

Investigation of this question with the aid of modelling has yielded divergent results. In a
scenario analysis of this kind, HOFLING (2013) examines the relative market values of
fluctuating renewable resources. Although these values decrease as the market share
increases, in most scenarios marketability of renewable generation shows a continuous
improvement under the conditions assumed in the study (rise in emission prices and fuel
prices; declining costs, increased system flexibility). In the medium to long term renewables
might even be possible to cover fixed costs (op. cit.). Similar conclusions are reached by the
comparable model-based scenario in the study by enervis and Buro fiir Energiewirtschaft
und Technische Planung GmbH (BET) for the Association of Municipal Service Utilities
(ECKE et al. 2013, p. 55-57). Their calculations indicate that in future large sections of the
renewable energy sector will no longer need financial assistance. On balance, these studies
come to the conclusion that, even if electricity supplies come largely from renewable
sources, the energy-only market will be able to make a contribution to financing renewable
energy. By contrast, another model-based study comes to the conclusion that financial
contributions by the energy-only market will not be sufficient for the weather-dependent
generating technologies (KOPP et al. 2012). This study, however, is based on current energy
market prices, i.e. when estimating possible financial contributions it does not take account of
the fact that increased demand from new, flexible consumers will support the price of
electricity on the exchange.

On the whole it can be said that even if profit contributions are generated, there is at least
some doubt as to whether these will be sufficient to finance renewable energy installations in
full. The size of the trading contributions depends on the assumptions made about greater
flexibility in the rest of the system, and hence about a reduction in the merit-order effect. A
more flexible energy system with a less marked merit-order effect permits high financial
contributions.
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Special aspects of financing controllable capacity

45, In spite of the mechanisms mentioned above, the extent to which the individual
generating and flexibility technologies will be able to pay for themselves on the market
remains unclear. This is determined by the merit order, i.e. the deployment sequence, which
results from the individual variable costs. Technologies with high variable costs will be used
less frequently and will regularly generate lower trading contributions per deployment. In view
of the merit order, technologies with low variable costs will be given preference even without
feed-in priority.

Power plants based on solid biomass, and also combined cycle gas turbines and gas-fired
power stations based on biogas or other renewable gases, have higher marginal costs than
the other renewable technologies and are therefore used less frequently. The less often they
are used, the more their average costs exceed their variable costs. For this reason these are
the technologies where the greatest financial risks can be expected.

46. Storage facilities have both a demand and a supply function. The crucial factors for
the profitability of storage facilities are the difference between the electricity price at the times
of storage and retrieval (price spread) and the frequency of use. The resulting revenue
contributes to financing investment and covering operating costs.

Storage facilities are particularly suitable for short-term load balancing and for providing
control reserve (cf. Item 24 ff.). Thanks to the probable large number of discharge cycles, it
seems likely that in the long term they can be financed via the market in view of the expected
volatility of spot-market prices and the associated price spread.

Power-to-gas systems have high investment costs, but also additional financing
opportunities, because in some cases they can make more revenue thanks to the varied
uses to which the gas can be put. Thus it is not possible at present to assess what the
financing situation for power-to-gas installations will be like in an electricity supply system
based largely on renewable energy.

Prices for supply capacity

47. To the extent that gaps in financing have to be filled, it will be necessary to develop
alternative financing options for the largely renewables-based electricity supply. On the
supply side, the SRU advocates that in a renewables-based energy system a transitional
phase should be followed in the long term — i.e. once financing is essentially taking place via
the market — by a system of capacity prices for certain parts of the renewable capacity. Then
the present phase of extending renewable capacity will give way to a phase of maintaining
and ensuring capacity. In the long term the present growth-oriented system of price-setting
approach of the feed-in tariff will be permanently replaced by a system of setting the quantity
of renewable capacity. This applies particularly to large-scale technologies and installations
(wind farms, large free-standing photovoltaic systems) and those which cannot pay for
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themselves on the energy-only market and appear to need capacity back-up for supply
security reasons (cf. Item 44 f.). In parallel there can also be unsubsidised construction of
those technologies that can pay for themselves. This must be strictly distinguished from the
question of whether it is necessary at present to create capacity mechanisms for fossil
capacities, which is discussed in Chapter 5.2..

On the whole the SRU takes the view that in future, once electricity supplies are largely
based on renewable energy, the market will not be able to finance the necessary renewable
energy installations completely. In the long term, therefore, it will make sense, on both the
supply side and the demand side, to ensure a clearer distinction between service or capacity
charges on the one hand and consumption charges on the other. On the supply side it will be
task of the state to organise financing.

Demand-side cost allocation

48. In view of increasing share of fixed cost resulting from the infrastructure requirements
described in Chapter 3.2, combined with less frequent use of such infrastructures, there will
in future be a need to ensure better cost allocation to the demand side. In the long term,
therefore, it will make sense to ensure a clearer distinction between capacity charges on the
one hand and electricity consumption charges on the other. A cost allocation system based
entirely on electrical work used — i.e. per kilowatt-hour — cannot generate an adequate
contribution to finance. In view of high fixed cost components this applies in principle to all
infrastructures with the exception of short-term storage facilities. However, the ones least
frequently used are those most affected. In view of a greater degree of self-generation,
service charges would ensure greater equity of financing in an electricity supply system
based largely on renewable energy. Private operators of renewable energy installations (e.g.
photovoltaic roof systems) who supply their own electricity to a large extent, are also
dependent on the power grid. They use external electricity when their own supply is not
sufficient, and at other times they feed surplus electricity into the system. On the whole,
therefore, there is a need for a larger and at least partially flat payment for keeping these
structures available for when they are needed (SVR 2012, Iltem 449).

By analogy with the grid fees paid by major consumers, a capacity-related component should
in the long term be introduced for smaller consumers as well. At household level the
consumption-independent “meter price” for example, could be developed into such a system.
Such a combined model of capacity charges and consumption prices should be weighted to
ensure that it covers those fixed costs of the electricity system that are not generated by
trading contributions from the electricity system. The combined model would provide
efficiency incentives for both components — capacity and consumption. It creates incentives
to reduce overall consumption and maximum load by investing in energy efficiency and
demand side management. That is why a combined model is preferable to a straight flat rate,
to maintain the incentive to save on the part of the consumer.
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4.3.2 Financing the back-up

49. For peak-load management, problems arise from the situation with maximum residual
load that can occur, for example, on a cold winter's evening with no wind, when only
controllable renewable installations are feeding in electricity (Agora Energiewende 2012).
Another critical situation is the rare case of a lengthy seasonal shortage of electricity from
renewable sources. These situations call for back-up capacity (gas-fired power plants for
reconversion of renewable gas) and fuel reserves, which also need to be financed. However,
ensuring electricity supplies for Germany as an industrialised country and an attractive
location for business is a task for the state. The state therefore has to ensure that this back-
up capacity is available on an adequate scale. Such supply shortages can be offset by long-
term storage facilities or by highly flexible gas turbines.

Long-term storage and flexible gas turbines

50. Even if the financing of storage facilities for regular short-term load balancing, as
described, need not be a problem, the situation is different when the storage option is
intended to perform an “insurance-like” function that has to offset large-scale or lengthy
supply shortages due to weather conditions. A very large price spread would be necessary to
ensure financing entirely via the market. Moreover, it is uncertain how much storage capacity
would have to be kept available to ensure security of supply in a system based largely on
renewable energy. It therefore seems doubtful whether sufficient incentives exist to invest in
the large-scale storage capacity that is needed for such special cases, since their capacity is
only used for a few cycles a year or even less. How long-term storage facilities can be
financed is thus an unanswered question.

Furthermore, it seem likely that the potential in Germany is largely exhausted, especially for
pumped-storage system, in view of nature conservation and environmental and landscape
considerations and the lack of acceptance by local communities. Additional capacity can only
be created by using or expanding existing pumped storage systems, especially in the Alps
and Scandinavia (see also SRU 2011).

On the assumption that long-term storage facilities will only be necessary when electricity
supplies are based almost entirely on weather-dependent renewable energy sources,
renewable methane that is produced by a power-to-gas process and can be reconverted in
gas-fired power stations is another possible alternative (cf. Item 21 — 23, 27).

Even if 100 per cent of capacity had to be kept available in the form of gas turbines to bridge
long-lasting periods of calm in winter in an electricity supply system based on 100 per cent
weather-dependent energy sources, this would only increase the price of electricity by about
0.5 ct/kWh. This calculation is based on gas turbine costs of 400 EUR/kW, a useful life of 25
years, an interest rate of 5% p.a., gross electricity generation of 509 TWh/a and an annual
peak load of 85 GW. If this reserve capacity of 500 full-load hours per year were used at fuel
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costs of 0.035 EUR/kWh and an efficiency of 40 per cent, the electricity produced would cost
around 9 ct/kWh. Spread over the annual quantity of electricity produced by the system as a
whole, this would only amount to about 1 ct/kWh including capital costs.

Renewable gas

51. Assuming that storage of electricity in the form of synthetic methane will play an
important role in a supply system largely based on renewable energy, there is no reason to
expect that its long-term storage can be financed by the market, in spite of the expected fall
in the cost of synthetic methane, especially with regard to its broad spectrum of possible
uses.

It could therefore become necessary to introduce a renewable gas reserve to ensure
operation of gas-fired power stations (reconversion). It would be deployed if electricity
production from sun and wind was inadequate and if the other flexibility options described in
Chapter 3.2 were unable to guarantee secure supplies. The existing infrastructure could be
used to store the renewable gas reserve. The design of this system could be based on the
strategy and experience of the petroleum reserve model introduced in 1966
(Erddlbevorratungsverband 2008).

4.4 Interim conclusions

52. Even under the conditions of a supply system largely based on renewable energy, the
main functions of the energy-only market must be guaranteed, namely managing generation
capacity deployment, sufficient flexibility to cover residual load and financing of capacity. The
market structures must be adapted to the characteristics of the future lead technologies.

Capacity deployment will continue to be managed via the energy-only market. Moreover, to
balance the fluctuations in electricity from renewable energy and the fact that they are more
difficult to predict, adjustable capacities will also have to satisfy high flexibility requirements.
What is more, the biggest challenge will be financing the capital cost of renewable energy
installations and the supplementary infrastructure.

53. At present the price on the energy-only market is determined by the variable costs of
the marginal generating capacity. In future we can expect an increasing number of instances
where prices on the energy-only market are set by the demand above the marginal costs of
the marginal generating capacity. In view of the demand sector integration (heat, transport,
basic raw materials), the spatial integration (interconnection with load profiles in other
countries) and time-shifting options (storage), demand will be considerably more price-elastic
than in the past, with the result that positive prices can still be expected even at relatively
high feed-in levels. Thus a situation in which there was no use at all for weather-dependent
electricity and the exchange price fell to zero or curtailment became necessary would tend to
be rare situation, even in a supply system based largely on renewable energy sources. In
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view of the large proportion of wind and solar energy with variable costs close to zero and
sizeable fluctuations in supply, prices on the electricity market can nevertheless be expected
to be lower and more volatile than at present in a supply system based largely on electricity
from renewable sources. This will provide certain — albeit limited — financial opportunities.

To fill the finance gap on the supply side, the SRU advocates in the long term a system of
capacity payments for the renewable capacity cost component that cannot be financed
through the energy-only market. In a supply system based largely on renewable energy this
would mean a transition from the present price-setting system to a system in which the
quantity of renewable capacity is set. Considerable further research is needed to ascertain
the implications for the design of this system. On the demand side, electricity customers
should pay separate capacity charges to finance supply security. In view of rising fixed cost
components, this will help to allocate costs better to those who cause them.

The situation with maximum residual load causes problems in peak-load balancing.
Furthermore, there will be — albeit occasional — periods when there is not enough renewable
energy being fed in, and these cannot be offset by short-term storage options. The market
does not offer adequate financing opportunities for insurance-like solutions for these rare
long periods. However, guaranteeing security of supply is a state function for which suitable
solutions have yet to be found. The SRU therefore assumes that back-up capacity in the
form of long-term storage facilities and highly flexible gas turbines will have to be available,
and their financing will have to be ensured by the state. It could also become necessary to
introduce a renewable gas reserve to ensure operation of gas-fired power stations.
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5 Market design for the transition

54. The preceding sections have identified plausible characteristics of a future electricity
market based on renewable energy. Starting from this vision of the future, which is primarily
based on a large measure of integration of the various energy consumption sectors (heat,
transport, industrial processes), first steps for the transition are suggested below. The central
issue from the point of view of the SRU is, above all, to facilitate a more market-oriented but
seamless transition that does not bring the further growth of renewable energy to an abrupt
halt.

The following proposals therefore set out modifications to the existing electricity market and
the existing promotion system that permit such a seamless transition to a largely renewable
energy supply system. After a description of the existing problems in Chapter 5.1,
Chapter 5.2 goes on to look at the two main options currently under discussion in Germany
for supplementing the energy-only market: capacity market and strategic reserve.
Chapter 5.3 examines the central importance of a sufficiently high carbon price and
discusses means of ensuring it. The measures that make sense in any case (“no-regret
measures” for the further development of the electricity market) are considered in
Chapter 5.4. Finally, Chapter 5.5 discusses the future development of the Renewable Energy
Source Act (EEG). This includes a proposal for possible further development of the variable
market premium.

55. Any addition to the existing market design will have to meet a number of fundamental
requirements. Firstly, proposals for reform should take the energy system of the future as a
reference point to prevent the creation of permanent structures that impede the necessary
change. The risks of every change in market design must be set against the expected
benefits. After all, it is unlikely that such changes will succeed from a standing start and
without interest-driven influence. Secondly, it also follows from this cost-benefit comparison
that in view of the great uncertainties the electricity market design should be adaptable and
open to learning. Thirdly, modifications to the market design must take account of the
problems that are already occurring or can be expected to occur. When assessing present-
day problems, however, it is important to take the long-term approach of the Energiewende,
in order to look beyond the day-to-day political context when examining their actual
importance and identifying their implications.

While satisfying the requirements mentioned, a reformed market design must also ensure
that the three main functions of the energy-only market are preserved, namely deployment of
the fleet of power stations, financing generation capacity and provision of flexibility. It is also
necessary to take account of the framework conditions which influence the functioning of the
transitional regime, e.g. climate policy. An aspect of central importance here is a sufficiently
high carbon price, since this not only helps to achieve the climate objectives, but also
induces the necessary structural change in the portfolio of fossil-fuel power stations. A
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sufficiently high carbon price would reduce the present financing problems of the necessary
flexible capacity. This would be desirable in the interests of minimising the cost of structural
change. Sufficiently high carbon prices must therefore be regarded as a precondition for
each of the changes in market design discussed below (Item 72).

51 Present problems

56. In the public debate, people expect great things of a new market design. The
projected reform is to address a large number of developments that are perceived to be
current problems of the Energiewende. They include the profitability problems of flexible gas-
fired power stations and pumped-storage systems, the financing of a back-up portfolio of
fossil-fuel power stations which some consider to be necessary, the falling wholesale and
rising household electricity prices, the incomplete market integration of renewable energy, a
perceived over-subsidising of renewable energy sources, and the difficulty of steering
renewable generation technologies and locations through the EEG. The following sections
look into three issues which the SRU considers to be of central importance for the future
development of the market design: the surplus capacity of non-flexible power stations, the
task of ensuring security of supply, and the cost of expanding the renewable energy sector.

51.1 Non-flexible surplus capacity

57. In future the entire energy system will have to adapt to the large and rapid fluctuations
in electricity fed in by weather-dependent sources. This makes it necessary to provide highly
flexible capacity to cover the residual load, i.e. the electricity demand that remains to be met
after deducting the feed-in from weather-dependent renewable energy sources. The
necessary flexibility can be achieved by means of controllable generating capacity, demand
side management or storage facilities. To maintain system reliability, flexibility becomes the
central criterion in the future development of adjustable capacities (power stations,
sheddable loads and storage facilities). In particular, rapid start-up and shut down of power
stations must be possible (GOTTSTEIN and SKILLINGS 2013; HOGAN and GOTTSTEIN
2012; LEPRICH et al. 2012).

However, today’s power plant portfolio is nhot compatible with the requirements mentioned. It
is characterised by surplus capacity and non-flexible base-load power stations with low
marginal costs (fuel costs, emission allowances and other variable costs). They are relatively
early in the merit order and are therefore used frequently. Most of them are nuclear and coal-
fired power stations, which in 2012 together accounted for one third of capacity and about
60 per cent of gross electricity generated. In 2012 the particularly non-flexible nuclear and
lignite power stations made up 17 per cent of capacity and 42 per cent of gross electricity
generated (Federal Network Agency 2013; AG Energiebilanzen 2013). Today, however, the
conventional must-run (i.e. minimum generation by conventional electricity plants) is so large
that at certain hours during the year it exceeds the residual load, thereby leading to negative
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prices and the curtailment of renewable energy. By contrast, flexible low-emission gas
turbines and gas-and steam plants in the medium and peak-load sector have the greatest
financing problems, because they have high marginal costs, are relatively late in the merit
order and are therefore most infrequently used (cf. Fig. 2-2). The low price of emission
allowances is a major factor responsible for the fact that coal-fired power stations are
comparatively well utilised, whereas gas-fired power stations have become less profitable as
a result of low prices and low operating hours (BDEW 2013b, p. 20).

51.2 Supply security

58. For some time now there has a been a controversial discussion about whether supply
security is assured in the Energiewende (LEPRICH et al. 2012, p. 17; Agora Energiewende
2012; 2013b, p. 20; TIETJEN 2012; NICOLOSI 2012b; MATTHES et al. 2012; MUSGENS
and PEEK 2011; CRAMTON and OCKENFELS 2012; BMU 2013b). The final phasing out of
nuclear power at the end of 2022 must be regarded as the crucial date here. By the end of
2022 some 12 GW of nuclear capacity will be taken off the grid — as much as 10 GW of this
figure in the years 2019 to 2022 (13th Act amending the Nuclear Energy Act, 31 July 2011).
This could give rise to shortages, especially of a regional nature. Regional shortages can
best be countered by stepping up the expansion of the power grid. It remains to be seen
whether the situation can be remedied effectively by the new planning of electricity grids
under Section 12a ff. of the Energy Management Act (EnWG).

Financing conventional capacity

59. In the medium term there are also controversial discussions, under the heading of the
“missing-money problem”, about whether deregulated energy markets are in fact in a position
to generate sufficient contributions to cover the costs of the necessary conventional
generating capacity. It is not finally settled whether the energy-only market geared
exclusively to the sale of electricity quantities can, on the marginal costs principle, perform
the financing function ascribed to it and thus ensure security of supply (LEPRICH et al. 2012,
p. 17; Agora Energiewende 2013b, p. 20; TIETJEN 2012; NICOLOSI 2012b; MATTHES
et al. 2012; MUSGENS and PEEK 2011; CRAMTON and OCKENFELS 2012). The missing-
money problem is also being discussed for electricity markets based exclusively on
conventional sources of energy. The growing share of renewable energy with low marginal
costs — especially the photovoltaic feed-in at the time of the midday consumption peak —
reduces wholesale electricity prices and exacerbates the problem.

In Germany certain fossil power plants have been suffering from profitability problems for
some time now, because not only their revenue per kilowatt-hour, but also their utilisation are
falling (BDEW 2013b). In some cases they are no longer making an adequate contribution to
covering the capital costs of existing capacity. At present this problem primarily affects
flexible gas-fired power stations, which have lower emission levels than coal-fired power
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stations. Some of these are only operating for very short periods. There is currently little
incentive to invest in new generating capacity.

Assessments of the functioning of the energy-only market vary very widely. One opinion is
that no empirical evidence exists as yet for market failure in the medium term, and that
economic theory does not offer any cogent reasons for market failure either (NICOLOSI
2012a, p. 29). The other view submits that the theoretical and empirical findings show that
basically the energy-only market will hardly be in a position to ensure security of supply,
because of inherent limitations, regulatory uncertainties and risk-avoiding investment
behaviour (MATTHES et al. 2012, p. 39). These very divergent assessments are based on
different assumptions about the self-healing powers of markets. The question at issue is
whether the players on the energy-only market can foresee potential capacity shortages in
good time and will invest sufficiently far in advance to avoid such shortages from the outset.

Accordingly, opinions are divided on whether it is a temporary problem that can be solved
within the market, or whether there is a need to correct or supplement the design of the
market.

60. One argument for the idea of a temporary gap in finance is that today’s power plant
portfolio is dominated by surplus capacity dating from the time before deregulation (TIETJEN
2012, p. 9; WINKLER et al. 2013). For the market mechanism to create sufficient incentives
for financing, there must first be a shortage. Analyses show that the energy-only market has
behaved in line with theoretical expectations in recent years. The trend of prices over time
has reflected the shortage situation. High-price phases arise from shortages. Low-price
phases are due partly to surplus capacity, but also to failure to adapt the power plant portfolio
fast enough to the expansion of renewable energy (NICOLOSI 2012b, p. 8 ff. and 20 ff. with
further references). As a rule, studies which consider it necessary to introduce additional
financing instruments work on the basis of certain assumptions, such as straight marginal
cost pricing and fixed power plant lifetimes. However, these assumptions are disputed and
may not necessarily apply (NICOLOSI 2012b, p. 5-7 with further references). The status
quo, however, is claimed to be the result of the slow pace of structural change in the fossil
power plant portfolio. It also results from the fact that the other energy consumption sectors
(transport, heat, basic industries) have not yet adapted to a supply system based on
electricity and there has yet to be adequate expansion of the power grids.

61. One argument against this theory is that a number of countries with deregulated
energy markets — regardless of the expansion of renewable energy — have already
introduced capacity markets. This can be taken as a sign that the energy-only market alone
cannot ensure security of supply. This is accompanied by the observation that almost the
entire power plant portfolio was built and financed before deregulation. The addition of new
capacity since then is explained, at least in part, by special factors. Another objection is that
the functioning of the energy-only market is linked to a number of preconditions that
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frequently do not exist in reality, such a flexible demand for electricity, or are not accepted by
the public, such as high electricity prices (MATTHES etal. 2012, p. 36 ff. with further
references).

Estimates of when capacity needs to be assured, and on what scale, diverge between
various studies. A metastudy providing an overview of various studies narrows down the
additional capacity requirement to between 4 and 15 GW in 2020 (LEPRICH etal. 2012,
p. 28, footnote 5). In another metastudy, the figures for the same year range from 0 to
13 GW (WINKLER et al. 2013). The estimates are the net result of current, approved and
planned new facilities and closures. The great divergence between the studies is due to the
uncertainties affecting the information. Furthermore, all studies arrive at different
assessments of other capacity options, such as demand management, and include them in
different ways.

51.3 Costs

62. A central starting point in the discussion about reforming the EEG is the issue of
electricity prices. The reform of the EEG should be based on indicators that systematically
register the costs and benefits of the expansion of renewable energy. Here the focus should
be on the efficiency of measures to promote renewable energy. The present debate,
however, has an undue focus on electricity prices, and is based on incorrect assumptions.
Firstly, it explains the increase in electricity prices in recent years as being due entirely to the
expansion of renewable energy. Secondly, the dispute concentrates on the EEG surcharge,
and thus on an indicator that is not suitable for determining the real costs of promotion.
Thirdly, it exaggerates the resulting social problems and the overall importance of such
developments for the economy as a whole. As a consequence there is a risk of short-term
intervention by politicians which could jeopardise a smooth transition to renewable energy
without actually increasing the efficiency of renewable energy promotion. The SRU therefore
expressly warns against such misinterpretations of the trend in costs.

63. As recent analyses show, household electricity prices have more than doubled since
the year 2000, to 28.5 ct/kWh (BDEW 2013a). Only about a third of this increase is due to
renewable energy (WEBER et al. 2012; WEBER and HEY 2012b; LORECK et al. 2012). The
costs of fossil generation and distribution have also risen substantially. The main reason for
this is the rise in global trading prices for gas and coal (see Fig. 5-1). Moreover, the increase
in value-added tax in proportion to the other electricity price components has also resulted in
considerably more funds for the federal budget. Thus it is not correct to place undue
emphasis on renewable energy sources as being responsible for the rise in costs.
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Figure 5-1

Development of selected energy prices
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According to forecasts by the International Energy Agency (IEA 2012), the price increase for
fossil fuels will continue in the decades ahead despite the “shale gas revolution” in the USA.
The analyses by the Energy Watch Group suggest that there will be an even more marked
increase in prices for all fossil fuels (ZITTEL et al. 2013; also: GERBERT et al. 2013 for the
BDI; SRU 2013b).

64. To systematically capture the costs and benefits of the further expansion of
renewable energy, there is a need for suitable indicators. Cost estimates for the future which
merely cumulate the total investment requirement for renewable energies without considering
overall costs are inappropriate (cf. review in: acatech 2012, p.15f). One economic
characteristic of electricity generation from sun and wind is the fact that high initial
investment is followed by low operating costs. If only investment costs are taken into
account, this means that savings on operating costs, especially due to the phasing-out of
fossil fuels, are overlooked.

A more appropriate indicator is differential cost estimates, which consider both capital costs
and operating costs and compare a renewables expansion scenario with a reference
scenario. The “Lead Study” conducted at the request of the Federal Ministry for the
Environment, Nature Conservation and Nuclear Safety (BMU) has been using such a
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differential costs estimate for years now. According to the Lead Study the cumulative
differential costs for the expansion of renewable energy between 2011 and 2030, as
approved in the Energiewende decisions, come to around 137 billion EUR. In the following
decade, this amount will be completely offset by the fact that electricity supplies based on
renewable energy will be cheaper than a conventional system because of their lower
operating costs (NITSCH et al. 2012). If the external costs of electricity generation on the
basis of fossil fuels were taken into account, the cumulative differential costs would become
negative as early as 2030, in other words there would be a cost saving compared with the
conventional pathway.

However, the costs taken as a basis for the Lead Study are incomplete in that they do not
take account of the infrastructure and storage expansion necessary for the Energiewende
(NITSCH etal. 2012). In fact, therefore, it will probably take a few years longer for the
cumulative differential costs to become negative. It should be noted, for example, that a large
proportion of the infrastructure costs estimated for grid expansion would, according to the
Federal Network Agency, be incurred even without the Energiewende (GAWEL et al. 2012a,
p. 279). Even if the full amount of infrastructure and storage expansion costs is included, the
differential costs are well below the total investment requirement by 2030. According to a
systematic calculation, single-digit billions of EUR will be incurred up to 2030 as realistic
annual additional costs to society if renewable energy expansion proceeds so that it reaches
a share of 63 per cent of electricity generation (NITSCH et al. 2012, p. 105).

The estimates of the Boston Consulting Group for the BDI lead to similar conclusions. For
the years 2011 to 2030 they calculate a total investment requirement (including grid
expansion) of 372 billion EUR for a target scenario that envisages a 69 per cent renewables
share of electricity generation by 2030. For comparison, the study also calculates a fossil
scenario based on stagnation of renewable energy at around 28 per cent and the
replacement of electricity from nuclear power stations by gas-fired power stations. In this
scenario there is an investment requirement of about 150 billion EUR for new conventional
power stations (GERBERT et al. 2013, p. 37). If, as well as the differential investment costs
calculated by Boston Consulting Group, one were to deduct the savings on current costs
(fuels and CO, allowances), the magnitude of total differential costs would be similar to that
in the BMU Lead Study.

The Energy Institute of the University of Cologne (EWI) has calculated for the BDI the costs
that could be saved if the expansion of renewable energy were cancelled with immediate
effect. In the next ten years up to 2022 this savings potential is around 58 billion EUR, or
about 10 per cent of the total cumulative system costs of 556 billion EUR for the energy
supply system (BERTSCH et al. 2013, p. 8). Because of the liabilities generated in the past,
an immediate stop could at most save costs of less than 6 billion EUR per year — albeit at the
cost of failing to achieve the climate and energy objectives.
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The statement by the Expert Commission on the German Government's first monitoring
report “Energy for the Future” arrives on balance at the conclusion that the share of gross
domestic product accounted for by electricity is still within the historical corridor of
fluctuations between 2.6 per cent (1991) and 1.7 per cent (2000) (LOSCHEL etal. 2012,
p. 101). Electricity costs account for a similar share of expenditure by private households. In
2013 this share was around 2.5 per cent. In the public debate, there is a much greater focus
on the electricity price increases alleged to be due to renewable energy than on the price
increases for other uses of energy, which also account for a large share of expenditure
(motor fuels 3.45 per cent and heat 2.41 per cent). Nevertheless, the differences in the
impact on different income groups must be taken seriously. Supplementary measures are
needed to cushion these impacts (NEUHOFF et al. 2012).

On the whole, costs and prices can be expected to increase much less sharply than in the
past decade. Such an increase can therefore be characterised as economically and socially
acceptable.

EEG surcharge

65. The level of the EEG surcharge is usually taken as an indicator in the debate about
the cost of the Energiewende. In 2013 the EEG surcharge rose from 3.59 to 5.3 ct/kWh. In
2014 it will reach 6.24 ct/kWh, and in the next few years it could increase to over 7 ct/kWh
(GERBERT et al. 2013). But other studies forecast a stabilisation of the EEG surcharge as
being more likely (NAGL et al. 2012).

On the whole, however, the EEG surcharge is not a suitable indicator of the cost of
promoting renewable energy, especially for the following reasons:

— Because sections of industry are exempted from the surcharge, the number of end
consumers liable to pay the surcharge decreases. Accordingly, the contribution payable
by each non-exempted electricity customer increases.

— The growth of renewable energy sources with very low variable costs reduces the price of
electricity on the exchange (merit-order effect). However, since the size of the surcharge
is calculated from the difference between the feed-in payments for renewable energy and
the exchange price, the surcharge automatically increases, even if technology costs
remain constant.

— The merit-order effect tends to reduce the procurement costs of the electricity distribution
companies. This benefits either the end customers (if the lower costs are passed on to the
end customer) or the companies themselves (if they are not passed on, e.g. in the case of
existing customers). These positive income effects are not taken into account in an
exclusive focus on the EEG surcharge.



72

— The size of the EEG surcharge depends on the extent to which the costs on fossil and
nuclear electricity generation are internalised (GAWEL et al. 2012b, p. 41 with further
references). Because these external costs are not included in the price of electricity, the
exchange price of electricity is lower. The low price of emission allowances currently has
such an effect, tending to reduce exchange prices and increase the surcharge.

— The surcharge is also an unsuitable cost indicator in that it creates a relationship between
two cost categories that cannot be compared. On the one hand the market price on the
electricity exchange, which reflects the variable costs of electricity generation, and on the
other, the payments for renewable energy, the size of which is determined by average
generating costs. For a genuine consideration of differences, it would be necessary to
compare the average costs of conventional electricity generation with those of renewable
energy sources (NESTLE and REUSTER 2012).

— Another factor that is not taken into account is that the size of the EEG surcharge is also
influenced by temporary effects. For example, liquidity reserves and compensating
measures associated with overspending in recent years resulted in an extraordinary
increase in 2013.

According to various estimates, the surcharge would be much lower if it could be corrected to
eliminate these distorting factors (NESTLE and REUSTER 2012; LORECK etal. 2012;
KUCHLER and MEYER 2012; WEBER etal. 2012; HERMANN etal. 2012).
Recommendations include a genuine net costs view (WEBER and HEY 2012b), an
Energiewende cost index (HERMANN et al. 2012) or a modified return to a form of cost
transfer of the kind practised before the introduction of the EEG surcharge in 2010 (HORST
and HAUSER 2012). In any case, if the reform of the EEG is founded on an unsuitable
knowledge base it could result in the Energiewende being thrown seriously off course. The
development of a suitable indicator for the promotion costs and systemic costs and benefits
of renewable energy expansion should therefore be given priority over hasty reforms.

66. One such indicator of promotion costs is the level of the average payment for
renewable energy as a whole and for individual technologies. The advantage of this indicator
is that it pin-points more precisely the problems of promotion efficiency. For renewable
energy sources as a whole, the average payment for plant operators rose from 9.29 ct/kWh
in 2004 to 17.94 ct/kwh in 2011 (BMU 2012, p. 45), although the opposite could have been
expected in view of the decline in costs for each individual generating technology. However,
this can be explained by the fact that in the past relatively expensive renewable energy
sources such as photovoltaic and bioenergy grew much faster than the relatively inexpensive
wind energy. For example, between 2009 and 2012 - partly as a result of political
management errors — photovoltaic expanded by 20 GW (BMU 2013a, p. 13). As a result,
more than half the EEG subsidies were paid out for a quarter of the quantity of the electricity
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generated (NESTLE and REUSTER 2012). In future, therefore, more attention must be paid
to the costs of the renewable energy portfolio.

Moreover, there must be a greater focus on allocation of costs to those who have caused
them. Electricity generated and used by the operator is largely exempted from the EEG
surcharge and other charges (e.g. grid fees and electricity tax). The greater the burdens, the
greater the incentive for industrial and private electricity customers to switch to using home-
generated electricity. In this way, increasing numbers of customers are reducing their share
of the financing of the overall system which provides supply security (see Item 48 and 108)
and which they continue to take advantage of.

5.2 Safeguarding conventional capacity

67. Until the electricity supply system has been converted to renewable energy, flexible
conventional capacity will be needed. Such capacity must be financed in the transition
period, but is currently experiencing profitability problems (see Item 58 — 61). To address
this, various payment models are being discussed under the heading of “capacity
mechanism” (as a collective term for various financial support instruments for power
stations): different types of capacity markets and the strategic reserve. Capacity mechanisms
already exist in a number of European and non-European countries (Greece, Ireland,
Lithuania, Spain, Portugal, East Coast of USA) or are going through the legislative process
or at the planning stage (France, United Kingdom, Italy, Poland) (Agora Energiewende
2013c).

It should basically be noted that any change in the regulatory framework involves risks and
calls for a learning process by all concerned. The market actors must adapt to the new
conditions. New regulations are subject to political influence and may be faulty. These risks
have to be weighed up against the expected benefits of the new regulation. The greater the
intervention, the more this applies.

5.2.1 Capacity markets

68. Capacity markets area subcategory of volume-based capacity mechanisms
(SuRenbacher et el. 2011). Various capacity market models are proposed for the German
market. They vary in their target group and hence also in their distribution impacts, e.g. the
question of inclusion of existing capacity. Whereas comprehensive capacity markets
envisage payments for all power stations, there are selective capacity market models that
finance those power plant capacities which are compatible with the framework of climate
policy objectives (e.g. see overview in TIETJEN 2012). A distinction can also be made
between centralised (MATTHES et al. 2012; ELBERG et al. 2012) and decentralised models
(e.g. ECKE etal. 2013). Also under discussion are further design variants, such as the
specification of energy sources and the inclusion of storage facilities and the demand side
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(NICOLOSI 2012b; MATTHES etal. 2012; SCHLEMMERMEIER and DIERMANN 2011;
HERRMANN and ECKE 2012; TIETJEN 2012).

On the basis of the overviews, especially by LEPRICH et al. (2012, Chapter 4.2), MATTHES
etal. (2012, p. 44 ff.), TIETJEN (2012, p. 15 ff.) and Agora Energiewende (2013c) and the
literature cited there, the one thing that all capacity mechanisms have in common is that only
the provision of capacity is rewarded. In centralised models a regulator — for example the grid
operator under the supervision of the Federal Network Agency — invites bids for a specific
quantity of capacity for a defined period. Those plants which are awarded the contracts must
remain available for operation throughout this period, which is guaranteed by a binding bid
on the spot market (Monitoring Analytics 2012, p. 7). For this they receive a capacity
payment. In decentralised models, the necessary capacity is determined on a decentralised
basis by market actors through supply and demand (ECKE etal. 2013). The capacity
payment — at least in the case of new installations — has the character of an investment
grant, the costs of which are allocated among the electricity customers. A patrticipation in the
energy-only market generates a second revenue stream for the plants.

Comprehensive capacity markets that include both existing and new capacity (e.g. supply
security agreements model in ELBERG et al. 2012) are a serious intervention with a long-
term character. Selective capacity markets (e.g. ACHNER et al. 2011) primarily address new
plants, though in some cases they are also concerned with load management capacity and
measures for upgrading power plants. The proposal for focused capacity markets
(MATTHES etal. 2012) is an intermediate solution, since it defines separate market
segments for new power stations (5 GW by 2020 and a further 15 — 20 GW by 2030) and for
existing capacity under threat of closure (17 — 20 GW) with different operating periods, and
explicitly addresses load management and storage capacity.

69. All approaches have specific advantages and disadvantages. In the context of the
German Energiewende, providing highly flexible capacity during the transition from nuclear
phase-out to a largely renewable electricity supply system is an important objective
(MATTHES et al. 2012; NICOLOSI 2012a; CRAMTON and OCKENFELS 2011). If it proves
necessary to introduce a capacity mechanism, this should above all be geared to the
requirement of flexible capacity. It would also have to be consistent with the climate
objectives. This involves not only activating available flexibility potential in the existing
portfolio, but also creating new flexibility potential (cf. also GOTTSTEIN and SKILLINGS
2013). On the supply side this means mainly gas turbine and combined cycle gas turbines.
Emission-intensive and inflexible capacity — especially lignite power stations — should be
successively removed from the market. The necessary capacity must be determined so as to

include cross-border movements to and from neighbouring countries.

To take account of the fact that fossil capacity will only be needed for a transition period,
some experts suggest designing the mechanism so that it is reversible and flexible. This



75

would avoid setting the system in stone for decades to come. One such possibility would be
to hold regular auctions in small tranches on a rolling basis and for specific purposes, such
as highly flexible capacity for short-term deployment, flexible capacity for daily ramps, and
normal capacity (HOGAN and GOTTSTEIN 2012). Gas turbine and combined cycle gas
turbines are of special relevance to the system, since as bivalent systems they can be run
both on fossil natural and on renewable gas (biogas) as well as synthetic fuels (power-to-
gas). This means that they can be run as fossil back-up capacity during the transition period
and also in a largely renewable electricity supply system.

Another important flexibility option is the inclusion of sheddable loads on the demand side
and of storage facilities (GOTTSTEIN and SKILLINGS 2013). For long-term, high-volume
storage capacity in particular, the introduction of a capacity mechanism could become more
important, as they are rarely used and therefore have more of an insurance character.

However, nearly all models are criticised for favouring market power and windfall profits. In
the event of capacity payments to new plants, there is thought to be a risk that no more new
plants will be built without this incentive once the mechanism is introduced. This applies
particularly to the selective approaches mentioned above, which are designed to promote
new capacity. Their introduction should therefore be carefully considered (TIETJEN 2012;
WINKLER etal. 2013). If they are not correctly designed, there is a risk that capacity
payments, while ensuring the maintenance of existing capacity or the creation of new
capacity, may not make any contribution to reducing the inflexible and in some cases CO,-
intensive surplus capacity. Capacity mechanisms tend to have a damping effect on electricity
prices. This would reduce the profitability of the unsubsidised power stations, which would no
longer be able to cover their capital costs. What was profitable without a capacity market, is
no longer profitable with one. If the market actors believe there is a good probability that such
mechanisms will be introduced, they could already start holding back on their investments.

70. The flexibility requirements mentioned above have not played any significant role in
the introduction of capacity markets in other countries. Capacity mechanisms have been
introduced as an “insurance” against short-term supply shortages, or represent de facto
compensation payments for energy-policy disadvantages (BRUNEKREEFT etal. 2011).
They are also suspected of being misused by market actors and particularly of generating
windfall profits, while their potential for controlling the availability of capacity is the subject of
controversial discussion (NICOLOSI 2012a; MEULMAN and MERAY 2012).

Moreover, most of the capacity mechanisms currently planned in other countries are not
geared to an electricity supply system with a large share of renewable energy. Thus although
experience in other countries can be examined to avoid repeating errors in Germany, there is
on the whole little to be learned of relevance to the German context. A capacity market for
fossil power stations that met the requirements of the Energiewende would be breaking new
ground (WINKLER et al. 2013, p. 20).
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5.2.2 Strategic reserve

71. The strategic reserve is a price-based capacity mechanism (SURBENBACHER et al.
2011). Its advocates have more faith in the energy-only market itself, and regard the
introduction of a strategic reserve as an adequate temporary safeguard for the energy-only
market (e.g. NICOLOSI 2012a; Consentec 2012a; 2012b; r2b energy consulting 2012). It is a
tender system for providing reserve capacity. Those plants whose bids are successful
receive a capacity payment. Unlike capacity markets, they do not regularly take part in the
energy-only market, but are only used if it is not possible to meet demand. In such situations
of shortage, they are brought into the spot market by means of a second auction. Thus,
unlike all other capacity mechanisms, the strategic reserve normally leaves the energy-only
market unaffected; it has the character of an insurance policy. On the one hand variants are
under discussion that are aimed at capacity under threat of closure, which for reasons of
supply security are only to be kept in reserve as a transitional solution until a final decision is
taken on the design of the market. On the other hand variants are being discussed which
bring new power stations into the strategic reserve or even focus specifically on new power
stations. The report on the results of the BMU’s “Strategic Reserve” expert dialogue of May
2013 envisages the licensing of new power stations (BMU 2013b). The advocates of the
strategic reserve also recommend measures to increase the flexibility of the system on both
the supply and demand side.

On the whole, the SRU considers it difficult to assess whether capacity markets will be
necessary. It therefore recommends a cautious attitude to measures associated with the
introduction of a capacity market, which could constitute substantial and potentially
irreversible intervention. On the whole, the SRU considers the strategic reserve to be the
more suitable instrument in the first instance, since this represents the smallest intervention
in the energy market. It provides an opportunity to press ahead with the necessary measures
mentioned above, which are described in greater detail below, and thereby improving the
earnings opportunities of the energy-only market. On this basis, a decision can be taken later
on the possible introduction of a capacity market, with the aid of sound analyses.

5.3 The strategic importance of the carbon price

72. As already explained, there is a need for inflexible fossil power stations to gradually
disappear from the market so that the further expansion of renewable energy can go ahead
successfully and cost-effectively. A sufficiently high carbon price will increase the marginal
costs of emission-intensive and inflexible coal-fired power stations, i.e. especially lignite
power stations, more than those of gas-fired power stations. Thus the carbon price has a
direct influence on the order in which the power stations are deployed on the energy-only
market. This distinguishes the carbon price from capacity mechanisms: although the latter
generate income, they do not result in more frequent use of gas-fired power stations on the
energy-only market.
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Making undifferentiated capacity payments would therefore hardly be sufficient to drive the
necessary structural change. In relation to the instrument of the strategic reserve, a high
carbon price would tend to encourage coal-fired rather than gas-fired power stations to drop
out of the market and join the reserve. However, detailed estimates of the necessary carbon
price level show relatively large differences, and are also specific to fuels and technologies.
On the whole this climate-oriented correction of marginal costs would produce a reduction in
base-load capacity in the course of time. Increasing the carbon price can therefore be
described as a no-regret measure.

53.1 Role of the European emissions trading scheme

73. Thus a sufficiently high carbon price which increases the frequency of deployment of
gas-fired power stations and improves their cost-covering situation must form the starting
point for further reform measures. At present the carbon price is determined by the European
emissions trading scheme, which lays down a Europe-wide emission budget for fossil energy
generation plants and certain energy-intensive production industries (SRU 2006, Item 8;
2008, Item 165 and 185). Owing to a number of factors, there is currently a surplus of about
two billion allowances (corresponding to 2 billion t CO5) in the budget. If no countermeasures
are taken, this will probably persist until 2020. This is more than the annual emission quantity
of all stationary installations covered by the scheme (European Commission 2012a;
“Emissions trading: 2012 saw continuing decline in emissions but growing surplus of
allowances”, European Commission press release of 16 May 2013).

The primary and preferable instrument for restoring a sufficient level of carbon prices is
therefore the European emissions trading scheme. A rise in the price of allowances can be
achieved by reducing the budget. As a framework-defining instrument of climate policy, the
emissions trading scheme would provide cost-minimising incentives specifically for the
structural changes in the fossil power plant portfolio that are needed for the Energiewende.
However, with the present low level of prices for allowances it is de facto non-existent. All
political endeavours should therefore be aimed at revitalising the emissions trading scheme.

Since the problem is a European one, the European Commission has proposed the
temporary removal of 900 million allowances (“backloading”), plus structural reforms to be
decided later (European Commission 2012a). Following initial resistance, the European
Parliament agreed in July 2013 on a compromise which accepts the European Commission’s
proposal subject to restrictive conditions (“Parliament agrees beefed up CO, backloading
plan”, Ends Daily of 3 July 2013). At the same time the environment ministers of twelve EU
states are backing the Commission’s proposal, so there are good prospects of agreement by
the end of the year (“UK rallies 12 EU countries behind backloading twin track emissions
trading system (ets) reform”, U.K. Government press release of 1 July 2013). Although this
temporary withdrawal would not raise the carbon price to the necessary level, it would at
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least stabilise it slightly (“Carbon market intrigue after European Parliament vote cancelled”,
EurActiv, 26 February 2013).

The controversy about backloading goes hand in hand with the discussion about raising the
EU climate target for 2020, with an increase in the greenhouse gas reduction from 20 per
cent to 30 per cent compared with 1990, which would also involve a corresponding
adjustment to the emissions budget in the emissions trading scheme (European Commission
2012a). Also related to this is the discussion of the Green Paper published at the end of
March on the climate framework for 2030, which urges a 40-percent reduction in greenhouse
gases compared with 1990 (European Commission 2013). The emission budget for 2030
must be consistent with the long-term climate targets for 2050 (European Commission 2011).
To map out a continuous reduction path for the latter, the SRU considers that a reduction
target of at least 45 per cent on 1990 is needed for 2030, and this should be achieved by
means of emission reduction measures within the EU (SRU 2013a).

In this context it is also necessary to take account of the close interactions between climate
action, renewable energy sources and energy efficiency. To create a climate of certainty
about investment and planning, and also to ensure continuity, the triad of energy and climate
policy objectives needs to be extended to 2030. Moreover, agreed targets for reducing
greenhouse gas emissions, expanding renewable energy and improving energy efficiency
perform an important coordination function between generation, grid expansion and storage.
They also promote convergence of the member states’ policies. An independent EU
renewable energies target provides legitimation for the promotion of renewable energy
against objections from the point of view of competition law.

The SRU therefore advocates laying down binding and ambitious, mutually complementary
targets for expanding renewable energy and improving energy efficiency. Bearing in mind the
estimates of potential, the SRU recommends raising the renewables share of gross final
energy consumption to at least 40 per cent by 2030 (HELLER et al. 2013; HOEFNAGELS
etal. 2011; EREC 2012; SRU 2013a). In the field of energy efficiency as well, the existing
reduction potential, should be exploited to the full by setting European targets. Recent
studies put these potentials at up to 50 per cent of primary energy consumption compared
with 2010 (BOBMANN et al. 2012a; 2012b; Fraunhofer ISI 2009).

74. In the context of this triad of objectives, strengthening the climate action incentives of
the emissions trading scheme should be given priority over the introduction of capacity
markets. Not least in view of the long learning process and the gradual improvements since
the introduction of the EU emissions trading scheme, it would seem more sensible to take an
existing instrument and systematically develop it than to run the risk of introducing a new
instrument. It cannot be assumed that a complex instrument like a capacity market, which
potentially has allocation effects, will be free from design faults right from the start. What is
far more likely is a lengthy learning process lasting several years, as also indicated by
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experience in other countries (WINKLER etal. 2013, p. 15ff.). If a capacity market is
nevertheless introduced at a later stage, strengthening the emissions trading scheme is an
effective means of avoiding some of the risks of this instrument, such as that of creating new
dependent paths by subsidising CO,-intensive generation.

53.2 National alternatives

75. If efforts to revitalise the emissions trading scheme at European level are
unsuccessful, it would be necessary to consider national measures, possibly in conjunction
with other member states. One option would be to adjust the Energy Tax. Existing
exemptions from the Energy Tax Act (“eco tax”) for electricity generating facilities could be
abolished. Under Section 53 of the Energy Tax Act, energy products for electricity generation
are generally exempted from energy taxation on the input side. Since 1 August 2006 this tax
concession, which previously applied only to highly efficient CHP and combined-cycle plants,
has basically applied to all electricity generation facilities. The level of taxation should be
adjusted and based on the specific carbon content of fossil fuels, in order to achieve the
policy target of reducing CO, emissions.

A similar abolition of exemptions took place recently in the United Kingdom, where the
“carbon price floor” has been in force since 1 April 2013. For years there has been a Climate
Change Levy (CCL) on fossil fuels. Now the CCL is to be levied on electricity generation
plants as well. It is intended to supplement the expected emission allowance price such that
the total results in a steadily rising path for carbon pricing. The carbon price paid by
electricity producers in the UK is to show a linear rise from the present price level of
GBP 15.70/t CO; (approx. 18.4 EUR) to GBP 30/t CO, (35 EUR at current exchange rate) in
2020 and to GBP 70/t CO, (nearly 82 EUR at current exchange rate) in 2030 (MHRC 2013).

Compared with the structural reforms of the emissions trading system mentioned above,
higher national carbon prices have the disadvantage that they leave unsolved the basic
problem: the excessive size of the emission allowances budget at EU level. The higher
carbon prices mean that a country with a minimum price saves allowances and provides
incentives for investment. At the same time, however, the price of allowances falls
throughout the EU and the certificates are available to other EU countries (SANDBAG 2013).
On the other hand, national advances can make a valuable contribution to the dynamics of
negotiations in the current discussions on the European climate targets for 2020/2030. A
form of burden sharing in which individual countries assume more extensive reduction
obligations may increase the readiness of hesitant or sceptical states to adopt ambitious
European climate targets, since it reduces the cost of climate action by the latter countries.
This can be taken into account in the European Commission’s estimates of the cost of
achieving the European climate objectives for 2030, which were drawn up in advance in the
context of impact assessment.
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As well as the instruments mentioned, regulatory options at national level are also
conceivable, but it would be necessary to look more closely at the question of whether they
are legally permissible. Such options include a ban on the construction of new coal-fired
power stations, the introduction of minimum efficiency levels for conventional power stations,
mandatory use of CHP, CO, emission limits (SRU 2011, Item 445 ff.; ZIEHM and WEGENER
2013) and flexibility requirements for power station operation (for all options see VERHEYEN
2013).

5.4 Other no-regret measures

76. In addition to the above-mentioned measures for promoting structural change in the
fossil power plant portfolio, it is possible to identify other measures that ought to be taken in
any case because they strengthen the financing capacity of the energy-only market and thus
make sense both for the transitional regime and for a largely renewables-based electricity
supply system. They have a synergistic character, because they address many of the above
criteria and involve comparatively small regulatory risks. These measures include adapting
the electricity market to the characteristics of weather-dependent renewable energy sources,
promoting demand side management and encouraging European market integration. These
steps are part of a bundle of measures which, taken as a whole, improve the framework of
incentives for the flexibility improvements described in Chapter 3. They also include
increasing the flexibility of generation and storage, which in turn involves a large number of
individual measures (Plattform Erneuerbare Energien 2012; KRZIKALLA et al. 2013).

54.1 Measures to increase the flexibility of the electricity
market

77. Trading activities should be better adapted to the characteristics of weather-
dependent renewable energy sources. Here the focus is on making market structures more
flexible and giving more emphasis to short-term trading. These are tasks that can be
implemented today.

The extent to which weather-dependent generation plants can react to day-to-day events on
the energy exchange is limited, e.g. curtailing output or scheduling service intervals
(LEPRICH et al. 2012). The availability of sun and wind can only be predicted in the short
term. To take advantage of the better quality of short-term forecasts, there is a need to
strengthen the intraday market compared with the day-ahead market. Some authors advise
shortening the time between close of business and supply time, which may still be up to 36
hours (LEPRICH etal. 2012). Other authors stress the need for short-term (floor and
bilateral) trading to take better account of the grid operator’s responsibilities, as is usually the
case in North American market designs (BORGGREFE and NEUHOFF 2011). Another issue
to be clarified is whether it would make sense to bring the exchange trading periods laid
down by the Federal Network Agency (at present hourly) into line with the accounting periods
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(15-minute intervals), because this would cater better for the capacity gradients of the
weather-dependent energy sources and the operating modes of conventional power stations
(LEPRICH etal. 2012, p. 26 f.; Consentec et al. 2011, p. 129; WINKLER 2011; WINKLER
and ALTMANN 2012). An alternative proposal is the development of complex bids that
directly offer the entire electricity production profile of conventional power plants, including
start-up and shutdown times and the associated costs. By means of such complex bids, the
trade could then find optimum market solutions in the course of time (BORGGREFE and
NEUHOFF 2011).

On the balancing power market, flexibility products must be defined individually and in
neutral terms, to create competition between different technologies and also allow the
demand side to take part. There should also be a reduction in bid sizes and periods
(WINKLER et al. 2013; Agora Energiewende 2013b, p. 27 f.; BARITAUD 2012, p. 68 and
71). Here there are close links with exploiting demand side management potential in industry.
The less successful efforts are to strengthen the intraday market requirements, the greater
the requirements for the balancing power market. In other words, if the intraday market
cannot perform its balancing function in the short term, i.e. adapting to the actual supply of
renewable energy, this must be offset by the balancing power market (WINKLER and
ALTMANN 2012). In general, one can expect to see greater merging of the balancing power
and intraday markets. The integration of grid operators in trading activities as mentioned
above could be a first step. The more weather-dependent renewable energy can replace
fossil capacity on the balancing power market by providing system services, the lower the
must-run of fossil-fuel electricity needs to be and the more scope there is for feeding in
renewable energy. Measures should therefore be taken to improve the ability of weather-
dependent renewable energy sources to provide balancing power.

54.2 Demand side management

78. Improving demand-side flexibility is often another no-regret measure. In economic
terms it means increasing the price elasticity of demand. If the demand side were more
flexible, scarcity prices would not be so high. According to economic assumptions, one of the
preconditions for the functioning of the energy-only market is that certain customers (are able
to) forgo their demand for electricity. The cost of reducing demand is often lower than the
cost of providing additional supply capacity.

Load shifting, however, is not suitable for shifting large quantities of energy for lengthy
periods (SRU 2011, Item 510). Its potential is seen rather in balancing short-term load peaks.
Demand side management can be practised both in the industrial and commercial sectors
and in the household sector. New demand side management options will come into being as
sectoral and EU integration progresses.
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79. In the industrial sector, demand side management can take the form of increased
integration of major industrial consumers into the existing electricity balancing market, and
can be seen as part of the greater short-term orientation of the energy-only market which is
any case necessary. Here consumers receive a payment for reducing their contractually
guaranteed electricity consumption. The technical potential — at least for short periods — is
regarded as considerable, and can often be exploited at low capital cost and by making
organisational changes to operating procedures. To some extent, demand side management
is already being practised today, but it is still associated with counter-productive incentives
and regulations — such as contracts lasting several years or loss of exemption from grid fees
— which raise obstacles to participation by industry (Agora Energiewende 2013b, p. 27 f.;
APEL et al. 2012; KLOBASA et al. 2013b). The necessary corrections to incentives should
be undertaken as soon as possible, to make it possible to exploit the technical potential. At
present the requirements for participation in the electricity balancing market are geared to
generators. They should be reformulated to allow the demand side to participate as well.

The technical demand side management potential in the household sector and in the small-
scale industries, trade and services sector (GHD) is smaller than in the industrial sector and
at the same time more widely distributed. Exploiting it therefore calls for the IT-based
infrastructures (smart grids) mentioned in Section 3.2.3. There is also a need for load-
dependent tariffs, to create incentives to shift demand for electricity into low-load times and
vice versa. All in all it is not yet clear whether demand side management measures can be
used in the near future to exploit appreciable potential in private households. It is basically
necessary to clarify whether the repeatedly voiced political demand for constant availability of
inexpensive electricity is compatible with the idea of increasing demand elasticity, since the
latter would mean temporary — though contractually agreed — rationing or interruption of
supplies.

5.4.3 European market integration

80. Greater European market integration and cross-border grid expansion are measures
which should be taken in any case. This will permit better integration of different load and
supply profiles in the member states, making for more efficient use of existing grid,
generation and storage capacities. Short, medium and long-term options are available.

Short-term options

81. In the short term, closer integration of the existing European markets could make a
significant contribution to demand side management and supply security. Even today,
Germany has interconnections with neighbouring countries, with import capacities of around
17.3 GW and export capacities of around 14.9 GW (NICOLOSI 2012b, p. 32; BMU 2012,
p. 9). This must be seen in relation to an annual peak load of approximately 80 GW. In 2011
electricity quantities totalling some 74 TWh changed hands in cross-border trading. Of this,
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38.5 TWh was exported and 35.5 TWh imported (Federal Network Agency and Federal
Cartel Office 2012, p. 71). Net electricity consumption in 2011 came to 524 TWh (BMWi and
BMU 2012).

Generation and load profiles in Germany and its neighbouring countries are not identical.
Cross-border electricity trading therefore helps to make efficient use of capacity reserves and
surplus electricity from renewable energy sources. The crucial factor for the direction of flow
is the price difference between Germany and its neighbours. For example, if demand is low,
resulting in a surplus of electricity at low prices in Germany, it pays to export to neighbouring
countries. If demand in Germany is high, electricity prices rise and it is worth importing
electricity from neighbouring countries.

Various options are under discussion to substantially increase the capacity of existing
interconnectors. These include more flexible models for capacity calculation and shorter-term
market transactions in cross-border trading that meet the requirements of weather-
dependent renewable energy sources (EWEA 2012; EURELECTRIC 2010). Work is
currently in progress on appropriate network codes for integrating the European spot markets
and on other issues relating to standardisation of market rules for cross-border grids (for the
status of relevant grid codes, see: ESTERMANN etal. 2012; FISCHERAUER 2012).
However, grid codes are developed by the transmission system operators themselves. This
means there is a risk that the “regulated self-regulation” takes undue account of the interests
of the rule-setting transmission system operators or might result in highly elastic drafting
compromises (ZACHMANN 2013; FISCHERAUER 2012). In general, the potential and
implementation prospects of measures to improve the utilisation of existing interconnectors
between Germany and its neighbours should be further investigate, quantified and given
active political support.

Medium-term options

82. In the short to medium term, implementation of the grid expansion plans of European
grid operators could substantially increase the available transmission capacity. The relevant
plans between Germany and its neighbours are ambitious (TEUSCH etal. 2012, p. 22;
Prognos AG 2012, p. 46 f.). In the next two decades, transmission capacity could increase by
a factor of between 2 and 4 (BMU 2012, p. 9).

83. At present, however, there is reason to fear a substantial gap between the investment
actually planned and the investment needed to fulfil the plans. Only about two thirds of the
investment needed in this decade, amounting to more than 142 billion EUR, is actually
planned in the EU (ZACHMANN 2013, p. 7). Consequently there are considerable deficits
where the construction and expansion of interconnectors is concerned, and above all there is
a need to clear up issues relating to allocation between the beneficiaries and the parties
bearing the costs of cross-border connections (von HHIRSCHHAUSEN et al. 2012).
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In the revised version of the Regulation on guidelines for trans-European energy
infrastructure (Regulation (EU) No 347/2013 of the European Parliament and of the Council
of 17 April 2013), the EU addresses major obstacles to the expansion of cross-border
connections (CALLIESS and HEY 2013, p. 129; von HIRSCHHAUSEN et al. 2012, p. 16).
The regulation sets out a number of important instruments for improving coordination,
increasing commitment and financing projects of Community interest. On the basis of
standardised cost-benefit assessments, the aim is in particular to determine in advance the
costs of new cross-border connections and allocate them to the participating grid operators in
the ratio of their shares in the benefit. This will therefore settle the allocation issues. On the
whole the proposals are regarded as a step forward, but there are still a number of legal,
institutional and incentive-related questions to be clarified (von HIRSCHHAUSEN et al. 2012,
p. 33 ff.).

84. However, the expansion of European infrastructure can only improve security of
supply if it makes it possible to fall back on free generating capacity in neighbouring
countries if necessary, i.e. as and when peak loads occur. Estimates of available capacity
and coverage gaps in the European context differ widely (MATTHES etal. 2012, p. 32;
European Commission 2012b, p. 5). The expert commission on the “Energy for the Future”
monitoring process and the European Commission and other actors therefore recommend
observing the adjustable loads and capacities in the neighbouring countries and thereby
arriving at a coordinated estimate of capacity (LOSCHEL etal. 2012, p. 119; European
Commission 2012b; GROWITSCH et al. 2013, p. 49).

85. As at national level, an intensive European debate on capacity mechanisms is
already in progress in view of the possible risks for security of supply. A number of EU
countries are planning capacity mechanisms or have already introduced them (cf. SVR 2012,
p. 268; KRANNER and SHARMA 2013; WINKLER et al. 2013). The European Commission
(2012b) takes a critical view of these developments, especially since many capacity
mechanisms are not geared to the flexibility requirements of renewable energy or unduly
favour supply options instead of catering for demand-side management (cf. Item 69 f). In its
discussion paper, the European Commission (op. cit) therefore suggests giving
consideration to a European regulatory framework that would check the necessity for and
design of national capacity markets in accordance with certain criteria and ensure non-
discriminatory coordination. Germany should emphatically strengthen this cautiously
reserved attitude on the part of the European Commission and should give political support
to priority for “no-regret” measures.

Long-term prospects

86. As shown by the SRU in its 2011 special report, a massive expansion of infrastructure
throughout Europe by means of a supergrid and cross-border connections could make a very
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great contribution to load balancing (SRU 2011, Item 232 ff.; see also ECF 2010;
Greenpeace 2011; von HIRSCHHAUSEN et al. 2012; PATT et al. 2011).

87. The greater the distances over which different wind farms are connected, for
example, the better it is possible to compensate for differences in weather conditions. Where
the distances are very great (>2,000 km) it is even possible to balance the natural
fluctuations over a month. This significantly increases the share of weather-dependent
capacity that can be regarded as assured (EWEA 2012; CZISCH 2009). However,
substantial increases in existing grid capacity and the development of a highly efficient
overlay grid are technical preconditions for a pan-European scenario with complete market
integration. Grid planning of this kind that is geared to the needs of renewable energy
sources calls for a pan-European consensus on the further substantial expansion of
renewable energy. At best, this is only conceivable as a gradual process (cf. SRU, 2011,
Chapters 5 and 6). At present it is not possible to foresee whether such further development
of European climate and energy policy is likely to succeed, and how fast, partly because of
Germany’s cautious attitude to a system of energy and climate policy targets for 2030
(FISCHER and GEDEN 2013).

88. What is likely is that the complex multi-level system will become even more
differentiated, with some decisions being strongly Europeanised (e.g. climate objectives,
internal market), while other policies converge within a European framework, but remain
under national control (Item 138 ff.). In such a scenario, which is politically more realistic,
European grid expansion for the needs of renewable energy sources will in the long term
remain well below the technical and economic potential.

89. In its 2011 special report, the SRU drew attention to the importance of the large
pumped-storage capacity in Norway for load balancing in Europe. However, it will probably
only be possible to realise part of this substantial hydro power and energy storage potential
in Norway and other European mountain regions (SRU 2011; Prognos AG 2012;
EURELECTRIC 2011). The reasons for this are current political, economic, environmental
and social restrictions. The size of the share that can actually be mobilised in the course of
time is therefore uncertain (cf. BRUNS et al. 2012; Prognos AG 2012; MIDTTUN et al. 2011,
REICHERT 2013; OHLHORST et al. 2012; GULLBERG 2013). Moreover, the potential that
can be mobilised under market conditions also depends heavily on the price spread between
Germany and its neighbours and the degree of utilisation of the interconnectors. Since the
price spread tends to decrease with every new line, it is possible that the expansion potential
which can be mobilised under market conditions will fall far short of the technical possibilities
and the level that is desirable from an energy policy point of view. Prognos AG (2012, p. 59)
therefore estimates the new construction potential that can be economically exploited in the
long term between Germany and Scandinavia at only 7 to 12 GW. Another factor is the very
unequal allocation effects on producers, consumers and grid operators in the individual
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countries if Scandinavian storage capacity is connected to the central European market
(EGERER et al. 2012).

To this end a decisive political approach to design and negotiation is needed to deal with the
obstacles mentioned. The focus here should be on economic incentives for further
connections, cooperation on energy policy, and concepts and balancing solutions for the
allocation effects. At all events, a case study on the decision process for the NordLink
connection between Germany and Norway has revealed that there was strong support from
political circles and the energy industry in Germany and hardly any appreciable resistance,
and that major Norwegian actors were successfully encouraged to change their opinion
(REICHERT 2013). The overall aim should be to exploit as much as possible of the
considerable potential for integrating the Scandinavian energy market in the central
European energy market.

90. The developments in the Nordic market are playing a pioneering role. In the interests
of integrating wind-power electricity, Denmark is actively propagating grid connections to
Norway and Sweden — the relevant grid capacity is currently under construction (UHLEN and
CIRIO 2012; TEUSCH etal. 2012; von LA CHEVALLERIE and SCHWEITZER 2012;
Prognos AG 2012). This could also be the route to closer integration of the German energy
system. Denmark has set itself the target of reaching a wind-power share of 50 per cent by
2020 and a completely renewables-based heat and power supply system by 2035
(NOTENBOOM et al. 2012, p. 12). Whereas market integration with Scandinavia is still the
subject of sceptical discussion in Germany, it has already made substantial progress in
Denmark. Denmark has drawn up a grid action plan for 2030 which plans over 5,000 km of
new transmission lines both in the very high voltage and the high voltage sectors, including
connections to Sweden, Norway, Germany and the Netherlands (UHLEN and CIRIO 2012,
p. 38 f.).

91. To sum up, it can be said that even in the short and medium term European market
integration is capable of mobilising considerable reserve for load balancing. This reduces the
need for assured capacity compared with a purely national perspective. This should certainly
be taken into account in the national discussion about supply security and — as far as
possible — quantified over time. Considerably more efficient use can be made of existing
interconnectors by employing improved methods of calculating capacity and making capacity
deployment more flexible. Although fears about capacity shortages in neighbouring countries
also need to be taken seriously, it is important to estimate them realistically. However, joint
capacity planning at European level is neither meaningful nor realistic, because the energy
supply structures and the energy-policy objectives of the member states will remain too
divergent for the foreseeable future. European capacity planning would presuppose a
common energy policy. Bilateral, market-based coordination is therefore adequate. However,
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this must include cross-border assessment of the necessary capacity, because security of
supply can no longer be defined on a national basis in interconnected markets.

92. In the medium and long term a marked increase in grid integration is possible. On the
one hand it increases the utilisation of low-cost pumped-storage potential in Scandinavia and
the Alpine region, and on the other — by long-distance balancing of feed-in profiles — it
increases the proportion of assured capacity that can be supplied by renewable energy.
However, a prerequisite for this is a coordinated solution at European level for serious
incentive and allocation problems that are slowing up cross-border and pan-European grid
expansion. In the interests of low-cost supply security, these barriers deserve priority within
energy policy.

5.5 Developing and improving
the Renewable Energy Sources Act

93. The principal mechanism for promoting renewable energy in Germany is the
Renewable Energy Sources Act (EEG), which consists of three main elements: a payment
system with fixed feed-in tariffs for twenty years, feed-in priority for the electricity produced,
and a guarantee of connection for the plant installed. A fundamentally different approach is
the “quota system”, under which the element fixed is not the price per kilowatt-hour of the
electricity fed in from renewable sources, but the quantity of renewable energy or capacity
(MATSCHOSS 2013; MITCHELL et al. 2012; RAGWITZ et al. 2012).

94. Originally designed as a technology and market launch instrument that creates an
assured market and operating environment for new renewable energy technologies, the EEG
has developed into a financing instrument which offers plant operators a relatively safe
return. In this way it permits learning processes not only in technology development, but also,
and above all, in real-life operation through the diffusion of these technologies. Thanks to this
market penetration the EEG has made a decisive contribution to systemic learning by the
energy system in using the new technologies and their characteristics. The rules of the EEG
need to be adapted to the progress of technological development, and it must be
remembered that different technologies have different learning curves. Regardless of
whether the EEG achieves its expansion targets, the technical, institutional and economic
structures of the energy system (especially the design of the market) need to be adapted to
the growing proportion of renewable energy.

5.5.1 Critical assessment of the quota model

95. Quota models are often discussed as an alternative to the EEG. Quota models are
instruments for controlling quantities. They lay down the share of renewables-based
electricity or renewable capacity. Their advocates believe them to be more effective and
efficient than the EEG, since quotas are keyed to a fixed capacity expansion target, and the
amount of financial assistance is not fixed by the state, but is determined by market
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competition. Ideally, quota models are of technology-neutral design, so it is always the
lowest-cost technologies that are used (Monopolkommission 2013).

96. However, justified doubts about the claimed superiority of the quota model have
repeatedly been voiced in the literature (e.g. FOUQUET and JOHANSSON 2008;
JACOBSSON et al. 2009; LAUBER 2007; LAFFERTY and RUUD 2008). On an international
comparison, feed-in tariffs have generally proved more effective at lower cost than quotas,
which is due to the lower risks for investors and the associated lower cost of financing
(RAGWITZ etal. 2012; DIEKMANN et al. 2012). In quota models the financial risk rests
solely with the investors, who cannot expect a fixed income as they can under the EEG feed-
in tariff. Their income is made up of sales revenue on the electricity market, which is difficult
to forecast and fluctuates over time, plus a certificate price. The variable income give rise to
a risk, for which investors (and the lending banks) demand risk premiums. This increases the
capital cost of constructing renewable electricity generation facilities. The risk premiums are
a problem for small electricity generators in particular, who have much less equity capital
available than the major energy suppliers. In Germany, however, it is the former who have so
far been the main drivers of renewable energy expansion. The higher risk premiums, which
also result in windfall profits for operators of mature technologies, are passed on to electricity
customers via the price.

It is basically doubtful whether technology-neutral quota models offer greater funding
efficiency: If the expansion target is set high enough to ensure that more expensive
technologies have to be used as well, the level of certificate prices depends on the cost of
these latest expensive technologies. This means that comparatively inexpensive
technologies are considerably over-subsidised. This can only be prevented by gearing the
size of the quota to the expansion potential of the cheapest technologies (WEBER and HEY
2012a).

In practice, quota models have resulted in lower growth rates. In countries with quota models
the expansion targets have not always been achieved, which casts doubt on their actual
effectiveness. This can, as in the United Kingdom, be attributed to inadequate sanction
mechanisms for failure to achieve the quota, for example if the penalties are set too low and
represent an incentive to “buy one’s freedom” (WEBER and HEY 2012a; DIEKMANN et al.
2012). Quota models may also lead to a concentration of generation sites and technologies.
In particular, there are fears that in Germany only the technologically mature onshore wind
power would profit, and especially sites with high generating capacity. By contrast, offshore
wind energy in particular would not be able to survive on the market. Even if investments
already made in wind farms were safeguarded by the EEG, the technology would not be
developed any further and hence there would be no learning curves resulting in reduced
costs. This also applies to technologies that are not yet mature enough for the market or
have yet to be developed in the future. To reach market maturity they need differentiated
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promotion, as in the EEG. Research promotion cannot anywhere near achieve the cost
reductions that result from market launches (BERGEK 2010). Thus the quota model fails to
meet the criterion of dynamic efficiency (e.g. DIEKMANN etal. 2012). On the whole,
differentiated promotion ensures a mix of different technologies and sites.

There are also fears that quota models give preference to suppliers who already have large
market shares, leading to an oligopoly on the electricity market. Investments in individual
installations, and also in farms financed by local citizens might not be made because of
increasing risks. Feed-in tariffs, by contrast, have generated more dynamic competition and
successfully brought new competitors into the market (MITCHELL et al. 2012, p. 903 f.; HEY
and WEBER 2012; WEBER et al. 2012; HEY et al. 2011).

Both geographical concentration and the expected reduction in the numbers of investors and
operators could reduce the acceptance of the Energiewende in Germany. On the basis of the
experience described, there seems to be no reliable evidence that this effect can be offset by
lower electricity costs — especially for household customers.

97. In the meantime, feed-in tariffs based on the German model have been adopted by
numerous countries in Europe and elsewhere. The United Kingdom is also phasing out its
guota system, now that the principle of technology neutrality has been abandoned in view of
the need for market integration of offshore wind energy by means of technological
differentiation (“banding”). Small photovoltaic systems are already receiving a feed-in
payment, and from 2017 onwards a feed-in model will apply to all new installations
(DIEKMANN et al. 2012; DECC 2010; JACOBS and MEZ 2012).

Although the EEG has had problems with steering issues and over-funding situations, these
do not justify switching to a quota system. Even if a quota model were to be introduced, the
obligations entered into under the EEG to make feed-in payments for existing installations
would still exist. Thus changing the financing system would only partially — if at all — alleviate
the cost problem currently under discussion. European harmonisation of promotion
mechanisms, as envisaged by the German Monopolies Commission (Monopolkommission
2013), is unrealistic at the present time (CALLIESS and HEY 2013).

Any change of system involves a regulatory learning process and associated investor
uncertainty, which have to be weighed against the hoped-for gains in efficiency. This is all
the more important in view of the fact that the climate objectives call for rapid expansion of
renewable energy. Instead of a change of system, therefore, a gradual reform should be
targeted. In other words, the restructuring of the system needs a more differentiated
approach than the present “EEG versus quota” rhetoric (SVR 2012; SCHMIDT 2013; acatech
2012; Monopolkommission 2013) would suggest, especially since the EEG pursues the goal
of broader technology promotion above and beyond the directly binding climate objective.
There is nevertheless a need for reforms, since several technologies have emerges from

their niches and are presenting the promotion system with new challenges (MATSCHOSS
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2013; MATTHES 2013a). On balance, changing to a quota model should be rejected, but a
reform of the EEG basically seems desirable.

5.5.2 SRU proposal for developing
the variable market premium

55.21 Initial situation

98. As already mentioned, it becomes more and more difficult to follow the load curve as
the share due to wind and photovoltaic generation increases. Decoupling the renewables-
based electricity supply from the demand for electricity results in greater flexibility
requirements with regard to the capacity for meeting residual demand and the energy system
as a whole. Performing the increasingly complex task of synchronising total electricity supply
and demand involves rising costs. It is therefore expected that the renewable energy sources
as well — in so far as is technically feasible — will in future adapt their feed-in profile more
closely to the load curve.

To motivate plant operators to gear their feed-in behaviour better to demand, they should be
exposed more to price signals from the market. It must however be remembered that in all
probability the energy-only market can only finance part of the investment and maintenance
costs of renewable energy. Further stable growth of renewable energy therefore requires a
combined payment system consisting of a market element and a subsidised premium
payment, plus a fair and economically sensible apportionment of the risks. In an electricity
market increasingly dominated by weather-dependent renewable energy sources there is a
need for a promotion regime which offers not only sufficient investment security for plant
operators, but also greater market integration and demand orientation. This, however, leaves
the fundamental conflict of objectives unresolved: on the one hand ensuring incentives to
invest by creating certainty for investors, and on the other, creating incentives to react more
flexibly to variable market signals (GAWEL and PURKUS 2013a; 2013b; KLOBASA et al.
2013a; 2013c; WINKLER and ALTMANN 2012). The task here is to find a suitable balance
between the two objectives.

A step in this direction has already been taken with the introduction of the optional variable
market premium under the EEG. To encourage more market-oriented feed-in behaviour, a
premium is paid for directly marketed electricity on top of the market price obtained (market
premium). The point of reference for calculating the market premium is the individual
technology-specific fixed feed-in payment. Plant operators also have the option of returning
to the fixed payment system.

In view of the closer market integration and the financing of the further expansion of
renewable energy sources, the SRU sees a need to develop and improve the market
premium. Based on the current model of the optional variable market premium, the SRU
proposes the following central amendments to the present design:
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— Introduce direct marketing as a binding requirement for all new renewable energy
installations;

— Change the payment limit from a time limit to a maximum promoted quantity of electricity
in the form of a capacity-specific kilowatt-hour contingent;

— Calculate the variable market premium using a site-specific and technology-specific virtual
reference installation;

— Reduce political influence by setting the premium on the basis of a cost index.

This approach is explained below, drawing attention to the ways in which it differs from the
present model of an optional variable market premium.

55.2.2 Volume orientation versus value orientation

99. Even if there are limits on the extent to which electricity from wind and photovoltaic
sources can be controlled, it is nevertheless possible to strengthen their market orientation.
Ways and means of gearing a wind energy or photovoltaic system more closely to demand
exist during the investment decision phase in particular. During the design phase,
photovoltaic and wind energy systems can essentially be trimmed to maximise either the
volume of electricity (in kWh) or the market value (in EUR). A volume-oriented installation
produces as much electricity as possible (e.g. south-aligned photovoltaic system). A value-
oriented installation is designed to maximise the value of the electricity produced — the
product of kWh generated and the average market price of the electricity fed in. A value-
oriented installation will feed in particularly large amounts of electricity when market prices
are high.

Appropriate alignment of value-optimised installations (e.g. east or west alignment of
photovoltaic systems) results in the feed-in behaviour being more evenly distributed over the
day, which means it is more demand oriented. This helps, for example, to smooth out the
midday dip in prices where the proportion of photovoltaic systems is very large (see Fig. 5-2
and 5-3). By increasing the ratio of rotor area to nominal capacity, wind turbines can be
designed to start producing electricity at very low wind speeds. This means they can feed in
electricity even at times of very little wind, when units with higher-capacity generators
designed for strong winds are not yet operating (Agora Energiewende 2013a).
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Figure 5-2

Capacity yield of volume-oriented and value-oriented photovoltaic
systems during the day
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Development of spot market prices in the course of the day
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55.2.3 Present market premium model

100. The guaranteed fixed-price payment under the present EEG does not make use of
market signals to encourage demand-oriented feed-in behaviour, and thereby creates an
incentive to maximise the volume of electricity generated. However, as the proportion of
renewable energy increases, feed-in behaviour that pays no regard to market and demand
will give rise to high costs for the national economy, as it substantially increases the flexibility
and capacity requirements for residual capacity generation and also the complexity of the
system as a whole. This challenge was to be met at the beginning of 2012 by introducing the
optional, variable market premium.

The variable market premium under Section 33 of the EEG is intended to create incentives
for greater market orientation on a voluntary basis. On the one hand it serves to offset
reductions in sales revenue due to lower prices on the electricity market — compared with the
fixed feed-in payment —, and on the other hand, it compensates for the risks associated with
entry into the market. These include the basic uncertainty about price trends on the electricity
market. Especially for weather-dependent renewable energy sources, direct marketing
creates other risks arising from the obligation to actually generate and feed in the predicted
(and sold) quantity of electricity, or to buy shortfalls on the market (GAWEL and PURKUS
2013a; 2013b; KLOBASA et al. 2013a; 2013c; RAGWITZ and SENSFUR 2008).

Plant operators who switch to direct marketing receive the variable market premium — in
addition to the market price — for every kWh sold. The variable market premium is calculated
as the difference between the EEG payment set for the technology in question and the
average monthly electricity exchange price that can be achieved with this technology. Thus
the higher the average market price for a technology, the smaller the market premium, and
vice versa. Continuous adjustment on a monthly basis makes it possible to smooth out
electricity price fluctuations over the year. The problem of inadequate market forecasts with
the danger of under- or over-subsidising ceases to exist (RAGWITZ and SENSFUZ 2008).
The attraction of direct marketing for plant operators lies in the fact that they can obtain
higher market revenue than the average technology-specific exchange price, and receive —
together with the market premium — higher total revenue than with the fixed EEG payment.
Furthermore, a fixed management premium is paid for every directly marketed kWh. This is
designed partly to compensate for the risks, especially with regard to forecasting errors for
weather-dependent energy sources, and partly to cover the increased administrative work
involved in direct marketing. It also enables direct marketers to give plant operators
additional financial incentives to take part in direct marketing. In view of the rapidly improving
quality of feed-in forecasts and the falling administrative costs of direct marketing in response
to learning effects, the management premium was corrected downwards to prevent windfall-
profit situations (ROSTANKOWSKI et al. 2012 on the Management Premium Ordinance).
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If the change to direct marketing with a variable market premium and greater value
orientation is actually to be worthwhile for a plant operator, the higher payment per kWh —
consisting of the market premium and potentially higher market prices — needs to
compensate for the likely drop in revenue due to the reduction in electricity feed-in; at the
same time it must offset the costs of possible forecast errors and of the increased
administrative input. A realistic prospect of achieving higher total revenue by direct marketing
is essential to motivate investors to opt for value-oriented operation of their plants. Even with
a variable market premium, plant operators are exposed to a greater economic risk if they
take a value-oriented path than if the design of the plant is volume-oriented. The existing
uncertainties, such as necessary maintenance costs and the weather during the planned
useful life of the installation, are joined in direct marketing by further uncertainties, especially
the price situation at different seasons and times of day. The higher risk and financing costs
associated with this increased uncertainty have to be offset by a prospect of greater profits.

With the aid of the present optional model of the variable market premium — and especially
the initially generous management premium — it would be possible to switch a large
proportion of renewable energy sources, including weather-dependent sources, to direct
marketing. Today more than half the electricity fed in from renewable sources is under the
variable market premium, and in the case of wind energy the figure is as high as 80 per cent
(KLOBASA et al. 2013a; GAWEL and PURKUS 2013a). However, there is also criticism of
the present market premium model, especially with regard to its costs and effectiveness in
the context of improving system integration of renewable energy (LUDEMANN and
ORTMANN 2012; GAWEL and PURKUS 2012).

55.24 SRU proposal for reforming the market premium model

101. The SRU proposes gradual development of the existing variable market premium, so
as not to endanger the expansion of renewable energy by making a radical change in the
system. Basically the SRU therefore takes the approach that the premium should be given as
payment for the electricity fed in. In view of the fact that a large proportion of installations
have already switched to direct marketing and the need to improve the demand orientation of
increasing amounts of renewable energy in the electricity system, the SRU advocates
making direct marketing compulsory for all newly constructed installations; only for the very
smallest systems could exemptions from compulsory direct marketing be considered for a
transitional period. The SRU’s proposals for reform relate in particular to deciding the
promotion period and calculating the site of the variable market premium. The introduction of
a fixed kilowatt-hour contingent of eligible electricity per capacity unit will provide an incentive
for greater market integration of renewable energy sources. A new method of calculating the
variable market premium is intended to ensure that investors continue to find fairly safe
financing conditions and that risk premiums therefore remain low. At the same time, steps
must be taken to prevent site-specific under- or over-subsidisation and to steer the
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construction of new plants in the interests of portfolio optimisation for the entire system.
Furthermore, the installation-specific promotion payments are in future to be more cost
oriented less susceptible to political influence.

Fixed specific kilowatt-hour contingent per installation

102. A central change compared with the present promotion system is the switch from a
limit on the promotion period (twenty years) to a limit of the quantity of electricity promoted
per installation. The specific kilowatt-hour contingent for an installation is calculated using
technology-oriented and site-oriented indicators. Setting a maximum number of eligible
kilowatt-hours will create additional incentive to optimise plant orientation and feed-in
behaviour from an economic point of view:

— Under the present system of a time limit, volume-oriented installations receive a larger
absolute amount of financial assistance than value-oriented installations, because they
produce a larger amount of electricity within the limited period. This is true whether they
make use of the optional market premium or stay in the fixed feed-in payments system.
Fixing a specific kilowatt-hour contingent ensures that value-oriented installations receive
a similar absolute amount of promotion payments, albeit spread over a longer period.
Limiting the electricity promoted rather than the promotion period thus increases the
financial attractiveness of designing installations for value orientation at the investment
stage.

— It gives plant operators an incentive to feed in electricity only at times when the market
price — and hence the macroeconomic benefit — of the electricity is positive.

To be able to have this incentive effect, the specific kilowatt-hour contingent must be a
binding restriction. The eligible specific kilowatt-hour contingent should be set, together with
the specific payment per kilowatt-hour, so that the total revenue guaranteed in this way,
consisting of premium payments and market revenues, ensures that capital and maintenance
costs are covered and at the same time provides an incentive for long-term efficient
operation of the installation. However, it is important to avoid over-subsidising particularly
favourably sites, as this would unnecessarily increase the total promotion costs and thereby
endanger the acceptance of subsidised renewable energy expansion. The maximum
kilowatt-hour contingent, like the reference revenue explained in the next section, should be
determined specifically for the technology and site in question. The calculation of the specific
kilowatt-hour contingent for an installation will largely make use of capacity-related indicators;
the greater the capacity of an installation, the more eligible kilowatt-hours its contingent will
comprise. For photovoltaic systems one could conceivably use the nominal capacity (kW) in
combination with the site-specific insolation, for example, or for wind turbines the wind
energy impacting on the rotor surface could serve as an indicator for determining the
kilowatt-hour contingent. The precise definition of the appropriate indicators and method of



96

calculation for determining the eligible kilowatt-hour contingent requires further analyses,
especially in the case of wind turbines. Care must be taken here to select suitable and
objective indicators and a transparent method of calculation, to prevent windfall effects and
create incentives to design and run renewable energy installations efficiently.

Calculating the market premium using a reference revenue model

103. The SRU also proposes a different method of calculating the size of the variable
market premium. As in the present model, the reformed market premium suggested by the
SRU serves to compensate for reduced revenue from direct marketing compared with the
level of revenue needed to finance the project. The starting point for the calculation is that a
volume-oriented installation which offers the energy it generates to the energy-only market
should have total revenue similar to the present EEG promotion model with fixed feed-in
payments. The sum of the market revenue and premium payments received over the
probable useful life of the installation should ensure the financing of the installation with great
certainty in order to avoid high risk premiums on the part of the investors. At the same time,
care should be taken to avoid over-subsidising particularly favourable sites and under-
subsidising sites which are less favourable from a meteorological point of view, but make
sense in the context of the overall portfolio. This latter aspect is important, since a portfolio
that is diversified in terms of technologies and sites and takes account of overall system
aspects — such as grid expansion requirements or complementary feed-in profiles — can be
more efficient from a macroeconomic point of view than one that focuses solely on
minimising the levelised cost of energy.

Volume-oriented reference installations are differentiated by technology and site clusters.
Under the model proposed here, a reference revenue per kilowatt-hour promoted is laid
down for these volume-oriented reference installations. In its function and its necessary level,
this reference revenue corresponds to the fixed feed-in payments in the present system, i.e.
it is intended to ensure the safe financing of a (volume-oriented) installation. On similar lines
to the present system, the variable market premium is calculated as the difference between
the (technology-specific and site-specific) reference revenue and the average market
revenue per kilowatt-hour that the relevant volume-oriented reference installation would have
obtained on the market during the calculation period. Further studies are necessary to
identify the suitable calculation period for determining the market premium. However, in order
to ensure a sufficiently flexible response to changes in price levels on the electricity market, it
should not be more than a year. If the average market price of the electricity generated by
the reference installation exceeds the reference revenue per kilowatt-hour, no premium is
paid, but the electricity supplied is still deducted from the eligible kilowatt-hour contingent to
prevent over-subsidisation. When the volume of electricity reaches the figure laid down in the
maximum kilowatt-hour contingent, and the total payments received per kilowatt-hour
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correspond to at least the reference revenue, the capital and maintenance costs of the plant
should be largely paid for.

Unlike the present system, which makes use of real production portfolios to calculate the
market premium, the volume-oriented reference installation is a virtual generating plant with
feed-in quantities and electricity market revenue simulated hour by hour on the basis of
weather and price data.

The proposed promotion structure can be illustrated by a simple example: A photovoltaic
system on a very sunny site in the south would be assigned a higher specific kilowatt-hour
contingent and a lower specific reference revenue than a system of identical type and
capacity installed on a less sunny site. However, the total revenue of the volume-oriented
reference installation, as guaranteed by the revised market premium model and calculated
by multiplying the specific kilowatt-hour contingent by the specific reference revenue per
kilowatt-hour, would be similar for both installations and would ensure financing of the capital
and maintenance costs. It is not possible to determine ex ante what proportions of these
costs will be covered by market revenue and market premium payments; this will depend on
how market prices develop. The higher the market price, the lower the premium payments.

For a real volume-oriented installation with a feed-in profile largely corresponding to the
reference installation, switching to the model proposed here will not result in any substantial
changes from the present promotion system as far as expected revenue and economic risk
are concerned. While value-oriented installations do not enjoy the same degree of certainty
as regards the total revenue obtainable, the prospect of a possible higher total revenue offers
an incentive to diverge from the feed-in profile of the volume-oriented reference installation.
The market premium determined for the (virtual) volume-oriented reference installation will
be paid out in full for every kilowatt-hour fed in by real installations. Thus higher prices
obtainable on the electricity market are fully reflected in higher revenue per kilowatt-hour for
value-oriented installations. If the (positive) revenue effect of higher total payments per
kilowatt-hour exceeds the (negative) effect of a lower electricity yield for the value-oriented
installation, the plant operator’s total revenue increases (cf. Fig. 5-4).
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Figure 5-4

Schematic diagram of income situation of a value-oriented installation
compared with a volume-oriented reference installation
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Declining scale of reference revenue using a cost index

104. A declining scale of promotion rates, similar to the system in the present EEG, should
continue to be used in the model proposed here. At present the payment rates for new
installations are reduced by a certain percentage every year on the assumption of falling
capital costs — or in the case of photovoltaic systems depending on the volume of new
installations completed — and then remain constant for twenty years for the installation in
question. In the market premium model proposed here, the plant-specific reference revenue
would remain constant for the entire kilowatt-hour contingent. In future, however, the pace of
reduction (of the reference revenue) for new installations should be determined by an
authority in a transparent procedure on the basis of a cost index, in order to obtain a picture
of actual cost trends for such installations faster and without political influence (cf.
ltem 151 f.).

5.5.25 Alternative premium models with fixed payments

105. Alternative reform proposals currently under discussion, which are intended to
provide incentives for greater market integration of renewable energy sources, envisage
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either a fixed market premium based on work (ct/kwWh) or a fixed payment based on the
installed capacity (€/kW). However, in promotion models with fixed payments, the market
price risks would be borne entirely by the investors. The latter would react by holding back on
investments or demanding considerably higher risk premiums, which would be reflected in
higher electricity costs for the consumer. In the case of fixed premiums or capacity
payments, there is not only a risk of under-subsidising, but also of over-subsidising, which
could have adverse impacts on promotion efficiency (KOPP et al. 2013).

By contrast, the size of the subsidy in the variable market premium model is variable and
depends on price developments on the electricity market, whereas the future revenue
situation for investors remains calculable. The variable market premium absorbs a
considerable proportion of the investor's market price risk, especially the long-term risk, and
transfers this to society, which the SRU considers more efficient in terms of the national
economy.

The distinguishing feature of the market premium model proposed here is variable
contingents of eligible kilowatt-hours depending on the site and the capacity or size category
of the installation. It thus creates incentives for high-quality investment and appropriate
maintenance to permit long-term operation of the installation. With fixed capacity payments
depending on installed capacity, these incentives, depending on individual design, would be
less intensive and could result in macroeconomically suboptimal design and operating life of
the installation and to sacrifices in quality and windfall effects. It is conceivable, for example,
that operators of photovoltaic installations might minimise their investment costs by using
inexpensive and inefficient inverters, to maximise the overall return on their installation. In the
case of wind turbines there is a risk of misguided incentives, especially if the fixed capacity
payment is based on generator output, as this can be increased at lower cost than rotor area:
Operators could increase their capacity-based premium and their overall return at the
expense of the macroeconomic efficiency of system operation, by choosing a very large
generator-rotor ratio (KOPP et al. 2013). Problems such as these become increasingly
relevant when the investor’s private return is largely determined by the installed capacity and
to a lesser extent by the electricity actually fed in. Such incentive structures can reduce the
overall economic value of the individual installation.

5.5.2.6 Contribution to the transformation of the energy system

106. The model of an improved variable market premium suggested here can help to
reduce costs during the energy system transformation phase, without impeding the
expansion of renewable energy by an unbalanced allocation of risks. First of all, there is a
general increase in the national economic value of the electricity fed in, as part of a greater
demand orientation of renewable energy. Since value-oriented installations earn more
revenue on the electricity market than volume-oriented installations, and since the electricity
prices on the exchange will probably fluctuate less because of the more demand-oriented
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feed-in, the additional promotion is likely to decline in the medium term compared with the
present EEG system. This would also relieve the burden on electricity customers. The costs
to the national economy are also reduced by the fact that greater market integration reduces
the need for flexible residual capacity and storage facilities. Furthermore, easier access to
the electricity balancing market for directly marketed renewable energies can have positive
economic and environmental effects within the system as a whole, for example through a
reduction in conventional must-run (KRZIKALLA et al. 2013; KLOBASA et al. 2013a; 2013c).

To some extent, the site-specific and technology-specific differentiation of promotion permits
targeted management of the regional and technological allocation of renewable generation
capacity. This is done by means of the control variable “kilowatt-hour contingent” and the
reference revenue in particular, and should take account of overall system aspects such as
grid expansion requirements, the complementary nature of regional feed-in profiles or the
geological availability of storage facilities. Inevitably there will be conflicts between
minimising the straight generation costs per kilowatt-hour and optimising portfolio
management in the interests of the system as a whole. In the final analysis, the crucial factor
for renewable energy expansion must be transformation to a reliable and largely renewable
electricity supply system which takes place at the lowest possible cost to the national
economy, enjoys a high degree of public acceptance and takes account of all components of
the transformation process.

5.5.3 Design issues

107. The fixed-payments system of the EEG in its present form guarantees a feed-in
payment per unit of work that is differentiated by technology, mostly guaranteed for twenty
years and lies above the market price. The differential costs between feed-in payment and
renewable electricity revenue on the energy-only market are borne by the non-privileged
electricity consumers in the form of the EEG surcharge on the price of electricity. In recent
times the focus has been on the extent to which the promotion system can be financed, to
some extent with inappropriate arguments. To ensure more equitable allocation the
exemptions should first be reduced or abolished. Moreover, it would be possible to reduce
costs if the payments were adapted better to the development status of the individual
technologies.

55.3.1 Preferential treatment with regard to the EEG surcharge

108. The EEG in its present form provides for extensive exemptions from the EEG
surcharge for energy-intensive companies in the manufacturing industry (POPPE 2012;
KACHEL 2012; ISMER and KARCH 2013). These are to be granted on application
(Sections 40 to 44 EEG). These exemptions are at the expense of non-privileged electricity
consumers, since the costs to be apportioned remain constant and thus increase the
surcharge per kilowatt-hour. The exemptions have now become so generous that in 2012
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they applied to nearly 20 per cent of electricity consumed. Without this preferential treatment
the EEG surcharge would be about 20 per cent lower. As well as the increasing total
payment, the exemptions are thus a major cost driver for the EEG surcharge (NESTLE and
REUSTER 2012). The exemptions were extended even further in 2013. The resulting
burdens on the remaining consumers are not the only reason why the exemptions from the
EEG surcharge are criticised. Their compatibility with higher-ranking law is also the subject of
controversial discussion (ISMER and KARCH 2013; for conformity with European law:
SCHLACKE and KROGER 2013; undecided GERMELMANN 2013; for a breach of European
law, but still relating to the old legal situation: FRICKE 2010). The European Commission has
initiated a preliminary state-aid investigation against various aspects of the EEG, and in
December 2012 it also announced the initiation of a formal state-aid investigation, though
this has not yet taken place. It remains to be seen what consequences the initiation of a
formal investigation would have for the special compensation provisions. Basically the
initiation of such an investigation puts an end to trust in the certainty of the regulation, and
normally the state is no longer allowed to pay the aid in question — which in this case would
mean not only the exemptions, but the entire EEG payment. In parallel, the EU legal
framework for state aid in the environmental sector is being revised. In future, the result
could be that under the new EU framework the EEG in its current form can no longer permit
exemptions.

Site decisions are basically taken in the light of many factors. Even for energy-intensive
companies, other factors such as product differentiation, integrated value chains, proximity to
raw materials and sales markets or wages costs often play a greater role than energy price
rises. The issue of energy price related company relocation has already been at the focus of
the discussion on carbon leakage and needs-oriented allocation in the context of the
European emissions trading scheme (SRU 2008, Item 170-1). Regardless of the legal
investigation by the European Commission, the exemptions under the EEG should for
economic reasons be cut back on the same lines as the rules for emissions trading. This
would not only achieve the politically announced objective of relieving the burden on the
energy-intensive companies exposed to international competition, but would also relieve the
burden on non-privileged consumers.

5.5.3.2 Portfolio optimisation

109. By optimising the future promotion portfolio it is possible to achieve a better balance
between expensive and less expensive technologies. Here the development status and
potential of a technology are assessed on the basis of the empirical (past) and predicted
(future) development of levelized costs of electricity, the “learning curve”. Figure 5-5 shows
the levelized costs of electricity calculated using learning curves for various renewable
technologies.
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Figure 5-5

Future development of costs for electricity-generating
renewable energy technologies up to 2050
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The learning curves can be used to draw conclusions about the need for various promotion
arrangements and payments. Special mention must be made of offshore wind energy, which
is at the beginning of its learning curve, onshore wind energy and photovoltaic, which are
well advanced along their learning curves, and biomass and hydro power, for which little or
no learning curve effects can be identified (MATTHES 2013b). The first two represent
weather-dependent technologies at different stages of development, which under the model
proposed by the SRU should receive a variable market premium.

When optimising the portfolio, it should be remembered that technology promotion is an
explicit objective of the EEG. Broader systemic advantages, such as the reduced need for
expensive storage facilities for offshore wind energy compared with onshore, should be
taken into account in optimisation. Another approach to optimisation is to gear the portfolio to
the complementary nature of the technologies. This too can reduce the need for backup
and/or storage capacity (MATTHES 2012; 2013a; MATSCHOSS 2013).

5.5.3.3 Technology-specific issues

110. It is clear from the example of photovoltaic subsidising that political control can fail
when it comes to ending obvious over-subsidising in good time. In the case of photovoltaic
systems, the legislature made corrections by establishing an annual corridor for the
construction of new installations and decided to discontinue the payment when total installed
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capacity exceeds 52 GW (Sections 20a and 20b EEG). However, these measures came too
late to prevent the market overheating and the persistent cost burdens for consumers.

It may make sense to define such a corridor for new facilities in order to prevent over-rapid
growth. Nevertheless, the question of the necessary photovoltaic volume needs to be
reviewed regularly against the background of a future electricity-based energy system.
Experts expect (small-scale) use of photovoltaic systems on owner-occupied homes for self-
consumption to be competitive from 2013 onwards independently of promotion instruments
(SCHLEICHER-TAPPESER 2012). It should however be noted that users of photovoltaic
systems should in future bear a larger share of financing the infrastructures (cf. Item 48).
Larger installations, e.g. ground-mounted systems, to not benefit from the preferential
treatment described above. Basically photovoltaic systems should also enjoy the benefits of
the SRU’s improved model of the variable market premium (Item 101 ff.). The declining scale
should be coupled to an objective yardstick, e.g. an indicator of investment costs, to remove
the determination process from political influence (SRU 2011, Item 486; IASS 2012).

111. Biomass is a basically controllable renewable energy source that is capable of
providing feed-in appropriate to demand, enabling it to supply important system services
such as balancing energy. At 5.5 GW the biomass capacity installed is already considerable
(Federal Network Agency 2013). Consideration should therefore be given to incentives for
converting existing installations. As a rule, however, the existing power stations cannot
ensure demand-appropriate feed-in because of the small biogas storage capacity. In view of
serious environmental impacts and undesirable relocation effects, consideration should
definitely be given to discontinuing the promotion of cultivated biomass (PETERS et al.
2010).

For offshore wind power the SRU (2011) has proposed replacing the fixed feed-in payment
with a tender model in the long term. Under this model, the best price is awarded the contract
for the investment, but receives the second-best price (second price auction) (op. cit.,
p. 468). Experience with this instrument in other countries is varied and not always
promising, though it is questionable how far it can be transferred to the German situation in
the individual case. The opportunities for controlling the construction of offshore wind farms
have increased considerably, thanks to the introduction of three instruments. These are
firstly, the newly created “Federal Sectoral Plan Offshore North Sea” of the Federal Institute
for Navigation and Hydrography (BSH); secondly, the offshore grid development plan of the
transmission system operators; and thirdly, the fact that approval for the construction of an
offshore wind farm is now given under a plan approval procedure instead of a strict
authorisation (see Section 2 of the Offshore Installations Ordinance
(Seeanlagenverordnung)). Recent studies indicate, however, that the very rapid pace of
development urged by the SRU is not absolutely essential, and that slower expansion could
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be more cost-effective (Agora Energiewende 2013d). The SRU therefore continues to
recommend that tender models only be considered in the long term.

5534 Feed-in priority

112. It is frequently argued that feed-in priority is obsolete, because electricity from wind
and sun is always used on a priority basis because of their low marginal costs. However,
there are various barriers and disadvantages affecting the use of renewable energy on the
electricity markets, which make it necessary to keep the feed-in priority system for the
foreseeable future. Since suppliers of wind and solar energy can only make short-term
forecasts about generation, they can only take part in the futures market to a limited extent.
Balancing power markets are traditionally tailored to conventional power stations, which
means that renewable energy sources cannot participate on a non-discriminatory basis. On
the energy-only market, the plant operators’ calculations also take account of the sometimes
high costs of transport to and from fossil power stations. As a result, fossil power stations
may produce electricity even at negative prices, whereas renewable energy installations
partially curtail their output. Furthermore, the shut-down sequence associated with feed-in
priority in the event of grid problems needs to be retained, because it ensures that
conventional power stations are shed before renewable energy sources.

5.5.3.5 Guaranteed grid access

113. Guaranteed grid access for renewable energy sources is currently being called into
question, although this was never the case in the days when fossil and nuclear capacity had
a monopoly. For example, the expansion of nuclear capacity in the 1970s and 1980s led to
massive grid expansion within a relatively short time. As explained above, grid expansion is
the most important and lowest-cost flexibility option, even if it is not a self-contained process
and will accompany the Energiewende until its final phase. Grid access must therefore
continue to be guaranteed.

From an economic point of view, the decentralised distribution and fluctuating feed-in of
electricity from renewable installations raise the question of the optimum degree of grid
expansion. It is generally argued in the literature that it is more efficient to curtail renewable
energy than to take away the “last kilowatt-hour "(for one of many examples: RAGWITZ et al.
2012, p. 63). On the other hand, cost accounting has to take account of the above-mentioned
systemic advantages of grid connection. It must also be borne in mind that 80 per cent of
weather-dependent capacity is connected to the grid (BRUNS et al. 2012, p. 345) and that
large sections of the distribution systems are in any case in need of replacement (Deutscher
Bundestag 2012). Further expected expansion of renewable energy can be taken into
account in the course of this renewal, thereby reducing the additional costs (cf. ltem 64).

Future grid expansion requirements are subject to uncertainty, partly because future
technological development can result in changing needs. For example, breakthroughs in
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local storage technology (batteries) could lead to an energy system with a stronger local
focus. However, a study on this subject comes to the conclusion that the cost of
decentralised photovoltaic battery storage systems would have to be reduced by 80 per cent
over the next twenty years to make decentralised expansion the optimum cost strategy
(Agora Energiewende 2013d).

5.6 Interim conclusions

114. In the transition to an electricity supply system based on renewable energy there are
currently three major challenges: security of supply with regard to fossil back-up capacity and
the final phase-out of nuclear energy; great flexibility of the market for fossil and renewable
energy production; and the demand for and costs of renewable energy expansion.

Topics under discussion for ensuring security of supply include the introduction of a strategic
reserve and various models of capacity markets. The various proposals for capacity markets
represent substantial interventions in the electricity market, and the relevant risks should be
carefully considered in advance. Existing capacity markets in other countries have had the
task of providing long-term support for fossil power stations. Also, they are not relevant to the
context of an extensive transition to renewable energy, as would be the case in Germany.
Moreover, there are hardly any quantitative analyses of the long-term effects on the market.
These complex funding instruments could nevertheless prove to be necessary in future to
provide temporary support for fossil capacity. In that case, however, it would be necessary to
ensure that the capacity is only maintained or expanded long enough to allow previously
completed gas power stations to pay for themselves. If the political level does not make it
absolutely clear that it is only prepared to introduce capacity markets on this condition, the
mere discussion about capacity markets will make these necessary as a self-fulfilling
prophecy, because the discussion itself will put unfunded investments at risk.

The strategic reserve, by contrast, places greater faith in the incentive potential of the
energy-only market itself and therefore represents a less serious intervention. The SRU
therefore considers it preferable. The strategic reserve only comes into use if there are signs
of a supply shortage. It consists of power stations that are not — or no longer — on the market.
It can focus on capacities at the end of their economic life , or it may also permit flexible new
power stations.

Regardless of any decision between these two hotly debated alternatives, there is
fundamental need for greater flexibility of generation and demand. The greater the success
in making the underlying structures more flexible, the less invasive any intervention in the
market has to be to ensure security of supply. After all, every capacity mechanism merely
compensates for the fact that the income streams generated for the plant operators by the
energy-only market are not sufficient.
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In the case of the fossil power plant capacity needed during the transition, lack of flexibility is
the central problem in adapting to the large and rapid fluctuations in residual load. The power
plant portfolio is characterised by a surplus of relatively inflexible power stations. It is
therefore necessary in the near future to maintain and build more gas-fired power stations
and to remove lignite power stations from the market. This can be encouraged by a
sufficiently high carbon price. Revitalisation of the European emissions trading scheme is the
instrument of choice for this purpose.

For this reason, ambitious European climate and energy targets for 2030 are of vital interest
to the Energiewende. The SRU therefore considers there is a need for a European climate
target for 2030 that aims to achieve at least a 45-percent reduction in greenhouse gas
emissions compared with the reference figure for 1990 by means of measures within the EU.

If revitalisation of the emissions trading scheme — for which the temporary withdrawal of
emission allowances in the current trading period (backloading) is a first step — is not
successful, economic or regulatory measures should be taken at national level. In that case
the existing exemptions for electricity generating plants in the Energy Tax Act should be
abolished and the amount of taxation should be adjusted and geared to the specific carbon
content of the fossil fuels. At national level there are also numerous regulatory options for
reducing CO, emissions, and these should be investigated further as appropriate.

In addition to increasing carbon prices, a number of other measures are also needed.
Trading activities should be better adapted to the characteristics of weather-dependent
renewable energy sources. Here the focus is on making market structures more flexible and
giving more emphasis to short-term trading. These are tasks that can be implemented today.
Greater attention should be paid to the interests of the grid operator. This includes
strengthening the intraday market over the day-ahead market, defining individual flexibility
products on the electricity balancing market, and enabling weather-dependent energy
sources to participate on the electricity balancing market. Secondly, it includes increasing the
flexibility of the demand side, which is already practised to some extent in the industrial
sector, but still suffers from counter-productive incentives and regulations. Thirdly, greater
European market integration and pan-European grid expansion are absolutely essential.

115. The EEG has proved to be a very effective subsidising instrument in the renewable
energy sector, especially since feed-in tariffs are, empirically speaking, generally more
efficient than quota models. Hence the control and over-subsidising problems associated
with the EEG do not justify a change of system to a quota model.

116. The SRU takes the view that the current debate on costs in connection with the EEG
is based on incorrect assumptions. On the one hand, it explains the increase in electricity
prices in recent years as being due entirely to the expansion of renewable energy. On the
other, the discussion about the EEG surcharge focuses on an indicator that is unsuitable for
determining the actual cost of promoting renewable energy. Even if the costs situation



107

undoubtedly indicates a need for reform, such a reform should not be a response to current
developments that are held to be undesirable, but should be basically geared to
requirements for the transformation of the energy system.

117. In the context of the present discussion about a reform of the EEG, the SRU
advocates developing and refining the variable market premium. To motivate plant operators
to adopt a more demand-oriented feed-in behaviour, they should be given greater exposure
to price signals. It must however be borne in mind that in all probability the energy-only
market can only finance part of the capital and maintenance costs of renewable energy.
Further stable growth of renewable energy therefore requires a combined payment system
consisting of a market element and a subsidised premium payment, plus a fair and
economically sensible apportionment of the risks. In future there is a need for a promotion
regime that provides sufficient certainty for investment by plant operators and at the same
time offers incentives for greater market integration and demand orientation.

Based on the current model of the optional variable market premium, the SRU proposes the
following central amendments to the present design:

— Direct marketing as a binding requirement for all new renewable energy installations,

— Change the payment limit from a time limit to a maximum subsidised quantity of electricity
in the form of a capacity-specific kilowatt-hour contingent,

— Calculate the variable market premium using a site-specific and technology-specific virtual
reference installation,

— Reduce political influence by setting the premium on the basis of a cost index.

The model of an improved variable market premium suggested here can help to reduce costs
during the energy system transformation phase, without impeding the expansion of
renewable energy by an unbalanced allocation of risks. First of all, there is a general
increase in the national economic value of the electricity fed in, as part of a greater demand
orientation of renewable energy. Since demand-oriented installations earn more revenue on
the electricity market, and since electricity prices on the exchange will probably fluctuate less
because of the more demand-oriented feed-in, the additional promotion is likely to decline in
the medium term compared with the present EEG system, which will also relieve the burden
on electricity customers. The costs to the national economy are also reduced by the fact that
greater market integration reduces the need for flexible capacity and storage facilities.
Furthermore, easier access to the electricity balancing market for directly marketed
renewable energy can have positive economic and environmental effects within the entire
system, for example through a reduction in conventional must-run.
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6 Energiewende as a challenge
for state and society

118. The reform of the market system for renewable energy will be discussed, decided and
implemented in a political and institutional setting that has grown historically and is constantly
changing. Decisions on this reform involve various political levels — from European to local —,
all of which have different competencies and pursue different interests, but cannot achieve
these without cooperating with the other levels. The same applies to the various ministries
with their sectoral interests. This raises questions of horizontal and vertical coordination in a
polycentric and fragmented system of federal states. These decision processes involve civil,
economic and scientific actors with their respective expertise and their various means of
exerting influence and mobilising developments. Participation also takes place at a wide
variety of levels, from “summits” in the Federal Chancellery to discussion of technical details
in various expert committees. This raises the question of suitable forms of participation and
fair allocation of opportunity in the various public arenas and expert bodies. The
transformation of the energy supply system is not only the result of numerous bottom-up
processes — whether new corporate concepts, innovative technology development or political
initiatives, like the many 100 per cent renewable energy regions — but at the same time of
central, political decisions and regulatory intervention in the market. Linking these processes
in a meaningful way is a challenge. It is therefore necessary to clarify the relations between
hierarchical control, negotiation and self-management at the various levels.

119. Issues like these are the subject of governance research. This is generally concerned
with the rules, institutions and processes of public activity (SCHUPPERT 2010). Governance
research analyses not only the structures involved in coordinating the actions of
governmental and non-governmental actors, but also the mode of action (hierarchy, market,
negotiation and self-management), their structural institutionalisation and the processes they
set in motion (BENZ et al. 2007). This is a matter of rules and decision structures which, for
example, determine the allocation of opportunities for influence, veto positions or resources
of governmental and non-governmental actors, thereby influencing the prospects of various
reform options. Governance research may be conducted on a purely analytical basis, but it
usually has a bearing on problem solving: How, despite different or conflicting interests and
fragmented institutions, can one succeed in making public goods available and thereby
producing “good political results” in the interests of the common good (SCHUPPERT 2010)?
This normative issue is examined below.

120. The proposals outlined by the SRU for reforming the organisation of the electricity
market cannot be seen in isolation from the institutions, standards, rules and decision
systems - the governance system of the Energiewende. The governance of the
Energiewende is regarded as a part of the reform process. This being so, there is a need for
closer analysis of the following questions about the governance of the Energiewende:
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— What changes have taken place in the constellations of actors since the decisions on the
Energiewende, and what new basic challenges arise in a more complex, multi-stage
decision system (Chapter 6.1)?

— How important is participation for the success of the reform process (Chapter 6.2)?

— How is it possible to find better solutions to the horizontal and vertical coordination
problems (Chapter 6.3)?

— How can political decisions be separated better from technical decisions on the
Energiewende, thereby making for more effective implementation of the Energiewende
(Chapter 6.4)?

6.1 Changing basic conditions

121. The constellation of energy-policy actors has been changing since the Energiewende
decisions: New coalitions and new institutions have been formed, and different forms of
political and technical participation are emerging. Section 6.1.1 first describes this structural
change, then goes on to look at the opportunities and risks it creates for a reform of the
market organisation. These give rise to hew challenges for the various levels of the decision
systems: hierarchical control of the Energiewende soon comes up against its limits
(Section 6.1.2).

6.1.1 Innovation opportunities through consensus on
Energiewende

122. In Germany, the accident at the Fukushima nuclear power station in March 2011 was
followed by the first multi-party consensus on phasing out nuclear power and transforming
the energy system into one based on renewable energy sources as its lead technologies. In
particular, this was manifested in the Bundestag decisions of June 2011 on phasing out
nuclear energy. Moreover, the Ethics Commission for a Safe Energy Supply set up by the
Federal Chancellor also succeeded in integrating actors in the “Community Endeavour
Energiewende” who had previously taken a critical attitude to the Energiewende
(Ethikkommission Sichere Energieversorgung 2011). Since that time, a large number of
governmental and non-governmental platforms, working groups and initiatives have been
formed, and new strategic alliances are emerging between them.

A change can be observed from coalitions of either advocates or opponents of renewable or
conventional energy (HIRSCHL 2008; SRU 2011) towards a more diverse constellation of
actors. New actors come into being, old actors open up to new alliances, and coalitions show
movement.

On the government side, the existing formal decision structures at ministerial level have been
joined by coordination platforms on central reform issues designed to ensure involvement of
the relevant stakeholders. The “Plattform Erneuerbare Energien”, lead managed by the BMU,
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is responsible above all for the further development of the EEG and makes the technical
preparations for it (Plattform Erneuerbare Energien 2012). There are also the “Plattform
Zukunftsfahige Energienetze” and the “Kraftwerksforum” lead-managed by the Federal
Ministry of Economics and Technology (BMWi). Finally, in the context of the Energiewende
the Federal Government has re-established a number of actors such as the expert
committee on Energiewende monitoring, and has transferred new responsibilities to other
actors such as the Federal Network Agency.

123. The last two years have seen the emergence not only of governmental platforms, but
also of non-governmental initiatives which have since concerned themselves with questions
relating to redesigning the energy supply system and hence the design of the electricity
market. These include scientific initiatives such as the Renewable Energy Research Alliance
(ForschungsVerbund Erneuerbare Energien — FVEE), the Helmholtz Alliance Energy-Trans
or the German Academy for Technical Sciences (acatech). Hybrid structures located
between the political and academic worlds are increasingly looking into the reform of the
energy supply structure as well: e.g. the Agora Energiewende, the Transdisciplinary Panel on
Energy Change of the Institute for Advanced Sustainability Studies (IASS) or the trialogue
series “Energiewende” of the Humboldt Viadrina School of Governance. A characteristic of
these initiatives is their transdisciplinary, solution-oriented approach to the various fields of
the Energiewende. They commission studies and organise discussion and coordination
between different political and social actors. To some extent these new actors are also
supported by the German Government, which thereby indicates that the plurality of ideas is
desirable and necessary for putting the Energiewende into practice.

Old energy policy actors such as the German Energy Agency (Deutsche Energieagentur —
dena), the industrial and environmental associations and other stakeholders such as the
“Forum fur Zukunftsenergien” also need to reposition themselves in the light of the
Energiewende consensus. For example, the Federation of German Industry (BDI) has
founded an “Energy Competence Initiative”. The “Forum flr Zukunftsenergien”, which
originally took a critical view of the nuclear power phase-out, is now taking a closer interest in
the problems of implementing the Energiewende.

New alliances have emerged such as the “Nationale Forum Energiewende” initiated by the
Federal Association of the Energy and Water Industries (BDEW) and the World Wide Fund
for Nature (WWF) (Gunther und Hildegard Muller: Rettet die Wende! Wie die neue Politik zu
einem Erfolg werden kann: Ein Aufruf von WWF und Energiewirtschaft, Zeit Online,
6 December 2012.).

Not only the new strategic alliances are remarkable. Another new aspect is that issues which
had polarised energy policy for decades, such as attitudes to nuclear power, are now
regarded as settled, with the result that it is now possible to concentrate on issues
concerning the implementation of an Energiewende that is least superficially accepted. Even
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fundamental critics of the EEG do not openly cast doubt on the Energiewende as an overall
course (acatech 2012b; SVR 2012). This means there is at least superficially a substantive
convergence of many actors who are calling for a system perspective for the integration of
renewable energy. They basically agree that there is a need for a reform of the EEG that will
have to address issues relating to greater flexibility, grid expansion, storage facilities,
demand side management and safeguards for long-term investment incentives (e.g. The
Federation of German Industries (BDI), German Renewable Energy Foundation (BEE),
German Association of Energy and Water Industries (BDEW), Institute for Applied Ecology
(Oko-Institut), Agora Energiewende, Verband Kommunaler Unternehmen (VKU), Verband
der Industriellen Energie- und Kraftwirtschaft (VIK)). As a result, however, the debate is
shifting away from a political discussion that the general public can understand and moving
in the direction of a highly specialised technical discussion. Differences in interests are being
translated into competing opinions on questions of detail. Positioning in this new
interconnected situation presupposes suitably extensive detailed knowledge and is
increasingly becoming an exclusive discussion between experts.

Even within the group of actors who traditionally call for a pro-active renewal of the energy
industry in the direction of renewable energy, more climate action and the end of nuclear-
generated electricity, the spectrum of opinions is becoming more differentiated (REST 2011).
For example, the Institute for Applied Ecology and the Green Party in Baden-Wirttemberg
are advocating early adoption of a capacity market model (MATTHES et al. 2012), whereas
the UBA has taken up an opposing position, and the focus of a BMU research project is
essentially on developing proposals for a strategic reserve model (BMU 2013; NICOLOSI
2012).

124. This constellation of basic consensus on the Energiewende plus competition on
opinions about various topical solutions is capable of having innovative effects. Nevertheless,
there is still the problem of how to ensure feedback between this debate and a public
discussion that is increasingly being dominated by an over-simplified debate about costs (cf.
Item 62).

Pluralistic participation of interests in opinion forming and decision-making processes is the
precondition for a functioning democracy and the legitimation of decisions. The more diverse
and complex the spectrum of actors, the more important it is to integrate the various
initiatives in the democratically legitimised decision-making process. It is the task of the
Federal Government to take advantage of this new actor structure. This includes establishing
effective participation procedures and creating processes and arenas that permit learning
effects and suitable corrective measures (LAFFERTY and MEADOWCROFT 1996;
BACKSTRAND etal. 2010; Enquete-Kommission Wachstum Wohlstand Lebensqualitét
2013, p. 475 f.).
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6.1.2 Multi-stage decision systems

125. The change in the structure of the Energiewende actor networks also raises
questions of governance. The transformation of the energy system requires regulatory and
political decisions at a wide variety of levels and in many different fields of action. At the
same time, these decisions must possess a certain minimum of consistency. In the expert
discussions it was pointed out at an early stage that grid planning should be based on the
requirements of renewable energy sources (dena 2005; SRU 2011, Chapter 9). This was
taken up only partially and relatively late with the reform of federal grid planning (CALLIESS
and DROSS 2012). There is also a need for more systematic coordination between federal
grid planning and the expansion targets of the Lander (LUHMANN 2012). At the same time
this transformation process will have to be capable of dealing with uncertainty and of
integrating sudden and unforeseen events in the process.

The theoretical literature on governance considers that hierarchical control and planning of
such a complex overall system is neither possible nor desirable (MAYNTZ 2005; JACOB
et al. 2007; SRU 2012). The political system would be overwhelmed by the complexity of the
issues from an information point of view, would not have the capacity to resolve all detailed
conflicts on a central basis, and would consequently produce simplified and misguided
solutions (SCHARPF etal. 1976). On the other hand, decentralised structures are also
potentially spaces for innovation. Studies of social change and the management of complex
systems show that innovations usually emerge in small, protected arenas with a limited
number of niche players (ROTMANS and LOORBACH 2008, p.25), which should be
provided with space for designing and experimentation. At the same time, however, the
parallel existence of uncoordinated self-regulated processes was said to result in
inconsistency, inefficiency, and even to seriously endanger the project as a whole.

126. Recent literature on regime complexes, institutional diversity or “bound governance”
seeks to bring together these contradictory profiles of decentralised self-management and
hierarchical coordination (ZELLI and van ASSELT 2013; ZURN and FAUDE 2013). The
concept of the overriding system of rules is important here. A system of rules is made up of
standards, requirements, rules and procedures that the decentralised actors have to comply
with. One everyday example is a football match: it follows its own course, but the teams still
have to observe clear rules. The referee makes sure the players keep to the rules, but does
not control the result of the game. The process is thus structured, but the outcome is open.
Such systems of rules are a key success factor for the management of complex problems.
However, there is no one specific set of rules that leads to success. The crucial thing is to
find appropriate rules for each level of regulation, and to design systems as adaptable
organisational units (OSTROM 2005, p. 254).

Multi-stage decision-making systems of this kind have efficiency and effectiveness
advantages, because they permit learning processes and situation-appropriate adaptation
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strategies and offer all participating actors a fair allocation of opportunities (von PRITTWITZ
2012). The “constitutional” level lays down the rules of the game — especially the standards
and overarching objectives, rights of participation, decision rules and procedures — in
according with which the actors resolve their conflicts in the course of varied discussions and
arrive at binding decisions. Public participation projects or the delegation of technical issues
in self-managed expert bodies can be organised in this way. Markets too, like any other
decision system, are embedded in a system of rules. This is particularly true of market-based
instruments of environmental and climate policy, like the emissions trading scheme of the
EEG. The market actors can react autonomously and in keeping with the situation to these
politically established market and price signals. To this extent the outcome of the systems of
rules is open. Von PRITTWITZ (2012) describes this as “bound governance”.

The challenge for the governance of the Energiewende is to make the most of the positive
elements of the emerging Energiewende regime — such as broad involvement and space for
argumentative discussion of conflicts. Thus the emerging governance of the Energiewende
should satisfy the principles of openness and access, transparency and plurality (KOOIMAN
und JENTOFT 2009) and should thereby counteract the increasing lack of transparency of
the matter in question for interested non-experts. This lack of transparency results from the
large number of different interests and proposals for reforming the electricity market that are
discussed in increasingly specialised expert discussions.

The various levels on which the Energiewende takes place should therefore be used as a
space for innovation. If central decision processes are organised on an open-outcome basis
for a sufficiently long time, and if there is sufficient coordination between the levels, it is
possible to achieve learning effects. On the other hand it is also important to ensure that
individual projects or even individual elements of the Energiewende, such as the highly
decentralised expansion of renewable energy, do not endanger the success of the project as
a whole. Below, the SRU elaborates proposals for increasing opportunities for participation,
a Climate Change Act, closer coordination by the Federal Chancellery, or increased
“outsourcing” of the implementation of reform elements to public authorities. They are in
particular inspired by this basic idea of facilitating self-managing innovation spaces while
providing these decentralised initiatives with common guidance and a clear system of rules.

6.2 Participation in multi-level systems

127. The process of transforming the electricity market is especially reliant on public
exposure and the involvement of society and organised actors: as democratic participation,
as a means of generating acceptance, and as an opportunity to present options that make up
for the uncertainty and openness of the process. The German Government has catered for
this by seeking, for example, to integrate the various groups of actors in the decision
processes and thereby enabling them to participate. The Federal Environment Ministry's
Energiewende platforms are an example of this, as is the support from interdisciplinary and
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transdisciplinary research platforms like the IASS (cf. Iltem 123). In addition to the integration
of organised actors, there have been a variety of attempts in the past few years to strengthen
new methods of public participation. This is to be welcomed, and can be seen as the start of
a process which needs to be taken further.

128. A successful Energiewende is strengthened by broad societal participation. This can
support acceptance and identification with political projects. Organised as an argumentative
public discussion (deliberation), participation can set the tone of and carry the development
of a vision by society (Item 143), make knowledge accessible and communicate common
values (WBGU 2011; NANZ and FRITSCHE 2012; RWE 2012).

With regard to the present process of electricity market design it is particularly important that
not only influential and short-term individual interests should make their way, but also that
actors who have the long-term transformation tasks in view should play a part. Open and
formal opportunities for participation that specifically open up offers to interests with fewer
resources are also helpful in this context. For example, there should never again be an
energy summit without the participation of environmental and consumer associations or
without the renewable energy industries.

And participation has another important function: it can boost acceptance. Acceptance is a
precondition for the success of the Energiewende, which is not merely a technical or
economic task. If participation takes place at an early stage and is transparent and open,
making it possible for the public to play their part in shaping the course of events, acceptance
is more likely. As explained by the SRU (2011) in its special report “Pathways towards a
100% renewable energy system”, there is a need to differentiate between general and
specific acceptance, so that both can be given targeted support. General acceptance of the
expansion of renewable energy remains high (TNS Infratest 2013). To promote specific
acceptance, such as local acceptance of individual projects, it is necessary to facilitate
participation not only in the costs, but also in the benefits of projects, e.g. through financial
participation in the case of cooperative projects (SRU 2011, Item 285, 489 and 505). One
important factor for the acceptance of costs is their fair and just allocation (WUNDERLICH
2012).

129. Multi-level systems basically offer a wide variety of opportunities for participation,
legitimation and acceptance. This is particularly significant in view of the fact that there are
many system variables that cannot yet be reliably determined. Starting points for participation
exist at all levels, providing many opportunities for feeding knowledge and new ideas into
political processes. The dynamic developments with regard to actor constellations in the field
of the Energiewende make it difficult for interested non-experts to find out about detailed
aspects of the Energiewende of relevance to them. For these people, it is thus also difficult to
placethese developments in the context of important political decisions and consequently
identify suitable means of participation. It is a task of the state to strengthen such
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opportunities for participation, for example via formalised processes in public authorities that
are involved in the Energiewende (Item 152). After all, it is part of the state’s coordination
task to ensure that the knowledge, values and joint findings are fed back into the decision
process (Item 149).

130. In this connection a monitoring process covering a broader content gains in
importance. The existing dual structure of Energiewende monitoring — an expert report and a
joint report by the two ministries BMU and BMWi — serves the interests of transparency and
quality control and is therefore basically to be welcomed. So that coordination can also be
effective, there is a need not only to consolidate the monitoring process, but also to ensure
the independence of inquiry and evaluation. The subject of monitoring is also relevant and
should be expanded.

Monitoring should reflect both the state of development of technology and its implementation.
On the other hand it should obtain information on cost-related and benefit-related allocation
effects and permit conclusions about their causes — such as political measures or the general
economic situation. Through these aspects which are already largely covered by the existing
monitoring system, the Energiewende process should itself become the subject of
monitoring. In concrete terms, that means extending the monitoring process to take in the
decision processes and the existing opportunities for participations, and also an evaluation of
coordination. Information should in particular be collected on the extent to which these
processes satisfy transparency requirements and whether they ensure adequate
participation and access by relevant actors.

If monitoring results in transparency about various reform activities and discussions, their
authorship and their position in the Energiewende project as a whole, this makes it easier for
all stakeholders to obtain information and participate on a targeted basis. For one thing, this
would counteract frustration due to misinterpretation of the opportunities for exerting
influence. For another, it would enable monitoring to perform a cardinal function between
general political debates, e.g. on the cost of expanding renewable energy, and the expert
discussions. And, not least, it is important to investigate the acceptance of reform decisions.
This does not necessarily mean collecting data as part of the monitoring process. It is rather
a matter of compiling and examining existing data, to obtain a valid overall picture of the
acceptance and allocation impacts of the reforms under the Energiewende.

6.3 Coordination in a multi-level system

131. Energy and climate policy take place at European, federal, regional (Lander) and
local level. In view of this multi-level interconnection of energy and climate policy, the task of
coordinating, implementing and evaluating objectives, instruments and measures is an
important element for efficient and effective process control (JACOBSSON and BERGEK
2004; BRUNNENGRABER 2013; KONNOLA et al. 2009, p. 14). With its energy concept of
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2010 and the corrections made in 2011, the German Government has already made a start
on coordinating the individual Energiewende targets and raised awareness of the
coordination tasks ahead. However, it is not clear how binding various governmental and
non-governmental actors consider the different targets of the Energiewende to be. As the
expansion of renewable energy goes ahead, therefore, it is necessary to develop the
coordination mechanisms in the multi-level system and to overcome lock-in situations (e.g.
the large portfolio of existing coal-fired power stations) (LOCKWOOD 2013, p. 35 and 41).

Successful coordination raises the prospects of better acceptance of the Energiewende
projects and the resulting costs. The coordinating effect and also the acceptance of projects
can be reinforced by agreement on common objectives in the context of drawing up a vision
(SORENSEN 2006). The coordination task is twofold: horizontal coordination of actors and
the system on the one hand, and vertical coordination of interests and activities at EU,
federal, regional and local level on the other. At all levels there are authorities concerned with
implementing aspects of the Energiewende, ranging from political planning to authorisation of
installations and power grids (OHLHORST and TEWS 2013).

6.3.1 Horizontal coordination of actors and system

132. The Energiewende is a cross-sectional topic and touches on the responsibilities of
numerous sectoral ministries, especially those of the BMU and BMWi. The two ministries
already cooperate in many ways, e.g. in the Power Plant Forum (Kraftwerksforum) or on
Energiewende monitoring. However, they sometimes express fundamentally different views
in public on time schedules and suitable instruments for implementing the reform of the
electricity market, for example in their appraisal of the Monopoly Commission’s proposals for
a change of system in the funding models for renewable energy (“Rosler:
Monopolkommission bestéatigt Notwendigkeit eines Systemwechsels beim EEG”, BMWi
press release, 5 September 2013; “Altmaier: ‘Erneuerbare-Energien-Gesetz braucht schnelle

”m

Reform™, BMU press release, 5 September 2013).

Whereas energy market regulation and grid expansion are the responsibility of the BMWi, the
promotion of renewable energy has since 2002 been lead-managed by the BMU. The aim of
this reorganisation was to strengthen and speed up the expansion of renewable energy.
However, with the growing proportion of renewable energy sources on their way to becoming
a lead technology, the need for coordination between the two ministries has increased
considerably. This includes measures for ensuring supply security, speeding up grid
expansion or reforming the EEG. These important elements of the Energiewende are so
closely interconnected that at least the coordination processes between the ministries need
to be intensified. This requires a jointly accepted guidance framework. At present there is no
such framework with a sufficiently binding character.
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The increasing complexity of the tasks connected with the Energiewende also means that
not just two, but at least six ministries need to coordinate more closely in future to avoid
conflicting political approaches. These include:

— BMU: Expansion of renewable energies,

- BMWi: Energy market regulation, grid regulation and planning, energy efficiency,
— BMVBS: Electromobility, building refurbishment, regional planning,

- BMF: Financing,

— BMBF: Promoting research,

— BMELV: Bioenergy and consumer protection.

133. The promotion of renewable energy sources has always been accompanied by
disagreements on ministerial responsibility (DAGGER 2009). In view of the increasingly
interconnected nature of the system, this affects an increasing number of ministries. This has
various effects: on the one hand, it can be expected to result in the emergence of a greater
diversity of ideas for reform. On the other hand, it also involves greater potential for conflicts.
The resulting inefficiencies in decision processes can affect the entire spectrum of topics
covered, such as emissions trading, EEG surcharge, or energy efficiency in the buildings or
transport sector. Interministerial coordination is thus becoming even more important with the
growing interconnections between the tasks involved.

The state is already making efforts to deal with these challenges. For example, the meetings
at State Secretary level are partly an initiative aimed at improving interministerial
coordination. On the other hand there is a need for a central instance that would at least
perform conflict-resolution and guidance functions, where all Energiewende activities would
come together.

6.3.2 Vertical coordination

134. Not only the horizontal interconnections between the reform processes for the
Energiewende are increasing, but also the vertical connections in the multi-level system. In
parallel with conflicts between objectives and measures of national and European energy
policy, Germany’s federal system pose the challenge of reconciling national measures and
objectives to the extent that they do not obstruct each other and that they ensure the speed
and efficiency of renewable energy expansion. For example, the renewable energy
expansion targets of the Lander are not in line with the expansion targets of the federal
government (LUHMANN 2012). Even if the federal system may at first appear to be a barrier,
it offers great opportunities for the implementation of the Energiewende. Vertical coordination
needs to be stepped up, not only between the federal and Lander authorities, but also
between the national and European levels (OHLHORST and TEWS 2013).
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Coordination between federal and regional level, and the role of local
authorities

135. Thorough coordination of the interests of the federal and regional levels is essential
for the efficient expansion of renewable energy and the necessary grid infrastructure. For
example, incentives for site selection for the renewable energy expansion could be set at
national level — e.g. under the EEG — or at the regulatory level of the federal Lander. The
more closely not only the national level, but also decentralised regulatory levels are involved,
the greater is the need for coordination of the various activities and decisions.

The Lander have considerable scope for helping to shape federal legislation. Although the
EEG does not require the consent of the upper house, the latter is entitled to raise objections
(ALTROCK/OSCHMANN/THEOBALD 2011, Section 64 marginal note 10). This means the
Bundesrat can at least delay decisions by the federal government and force it to make
concessions where speedy approval is wanted or in cases involving comprehensive policy
packages that include elements requiring consent. For example, in the photovoltaic revision
of 2012 the Lander were able to use their right of objection to first delay the planned
restrictions in photovoltaic promotion and then considerably reduce them (Lander blockieren
Kirzung der Solarstrom-Forderung, Zeit Online, 11 May 2012). The German Government
could have anticipated such reactions by ensuring early participation in the reforms.

Apart from their influence on federal legislation, the Lander and local authorities have great
freedom of action through their function of designating land for the expansion of renewable
energy (building legislation, regional policy). Furthermore, the Lé&nder are increasingly
formulating their own expansion targets for renewable energy, not only in programmes, but
also under their own climate change acts (North-Rhine/Westphalia Climate Change Act,
Baden-Wirttemberg Act on Promotion of Climate Action). In this way they are underlining
their strategic interest in exercising their competence in the field of promoting renewable
energy sources.

The expansion of renewable energy installations and of distribution systems takes place on a
decentralised basis in the local authorities. In addition to municipal energy supply companies,
small municipalities in particular are relevant as Energiewende enterpreneurs, as the
expansion of decentralised renewable energy installations is worthwhile for them to increase
regional added value (HIRSCHL etal. 2011). An increase in decentralised feed-in to
medium-voltage and low-voltage systems calls for corresponding grid expansion and
coordination with higher levels, for example to weigh up options relating to the introduction of
capacity payments to finance rarely used infrastructure (Chapter 4). Local authorities are
also relevant actors when it comes to grid expansion. For one thing, grid expansion is
frequently delayed by resistance at local level (BRUNS et al. 2012). This may not only delay
the project or make it more expensive, but may also send out generally adverse signals.
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Lack of local acceptance of renewable energy sources and the relevant infrastructure
projects is a reputation risk for investors (GDV 2013).

On the other hand, grid expansion offers the possibility of taking part in the financing of the
grid system — from extra-high voltage lines to the distribution system — and thereby creates
opportunities for identifying with the Energiewende project and using influence to ensure fair
and just allocation. However, this is to some extent the subject of controversy from a
consumer protection point of view. One example of such an initiative is BlurgerEnergie Berlin,
which aims to enable citizens to buy the Berlin electricity system under a cooperative model
(BurgerEnergie Berlin 2013).

136. The extent to which grid expansion is a critical limiting factor for the growth of
renewable energy or whether it can be offset by more decentralised options for load
management or curtailment of rare generation peaks (cf. Agora Energiewende 2013; Ecofys
2013), is the subject of controversial technical and economic discussion. From a governance
perspective there is an argument in favour of not relying on only one of the two options:
Complex transformation processes like the Energiewende which involve uncertainties are
more resilient if they take place in parallel at many different places, because the partially
redundant processes increase the performance capacity of the system as a whole by making
it less prone to errors and increase the probability of solving the problem (ROTMANS and
LOORBACH 2008; DOSI and NELSON 1994; OSTROM 2011, p. 41; 2005, p. 284). The
local initiatives that can be observed worldwide are thus an important supporting and
stabilising factor for climate action and the expansion of renewable energy (SCHREURS
2008). On the other hand, broad economic participation by local actors such as private
individuals, cooperatives or farmers strengthens the political backing for the Energiewende,
although this backing is not necessarily identical with support for a sustainable
Energiewende, but occasionally results in support for non-sustainable structures, e.g.
increased cultivation of biomass. Strengthening and consolidating networks while integrating
civil society, and expanding communication paths between cities and regions are important
steps to facilitate exchange of experience between the decentralised activities.

137. Governance systems based on a large number of decentralised control approaches
require considerably greater coordination and transparency than less complex, centrally
controlled systems. The governance of the Energiewende should take account of this finding,
both in the long term and in the transitional regime. At national level the Federal Chancellor
has attempted to play a mediating role by calling energy summits involving the Lander as
well. Although six-monthly meeting can have a symbolic effect, detailed coordination of
objectives, measures, implementation and evaluation require a more extensive reform of the

governance structure. Section 6.3.3 sets out relevant policy recommendations.
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Interaction of national and European energy policy

138. Coordination between the national and European policy levels is of strategic
importance for the success of the Energiewende (BRUNNENGRABER and WALK 2007;
SRU 2011; CALLIESS and HEY 2012). Today, important supporting aspects of the energy
policy framework are decided at European level. In particular, these include:

— European climate policy, with the emissions trading scheme as its most important fully
harmonised instrument,

— the design of competition legislation, and especially the framework for state environmental
aid,

— European environmental legislation, especially relating to air quality control and nature

conservation law,
— the further development of EU policies for renewable energy and efficiency measures,
— the design and further development of the single internal market for energy, and
— the development of the trans-European energy systems.

These fields of action can be designed so that they accompany and support the
Energiewende. However, it is also possible for conflicts to arise which either increase the
economic costs of the Energiewende or considerably restrict national freedom of action,
especially from a legal point of view. Uncertainty has recently been created, especially by
nuclear-friendly statements by the European Commission and by announcements about
more restrictive application of the legislation on state aid. In recent years the EU has on the
whole agreed on basic policy lines that tend to support the objectives of the Energiewende.
These include the roadmap for a low-carbon economy in 2050, the Renewable Energy
Directive 2009/28/EC, the energy policy targets for 2020 or the special arrangements for the
expansion of renewable energy in the Third Deregulation Package (CALLIESS and HEY
2012; 2013; SRU 2011). For example, in its scenarios for its energy roadmap 2050, the
European Commission shows that regardless of the member states’ widely differing
preferences in their choice of energy sources, it will not be possible to achieve the EU’s
climate objectives if the renewables-based share of electricity supply in 2050 is much below
60 percent (European Commission 2011). This percentage is therefore regarded as the
renewable energy expansion target that must be achieved whatever happens. If this
argument is accepted, all member states face the same challenge of having to adapt their
energy systems to the needs of weather-dependent energy sources. It is still uncertain
whether and to what extent a systematic pursuit of these approaches by means of an energy
and climate system for 2030 will be successful. In a consultation on this topic held by the
Commission, a very large number of member states expressed reservations or — like
Germany — no views at all (European Commission 2013).
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139. There is an inevitable conflict between a completely deregulated, non-discriminatory
internal energy market — i.e. an energy-only market in which the choice of fuel is left to
market forces and which is supposedly without distortion of competition between the
member states — and active, national promotion of specific fuels, such as renewable energy
sources. As shown by the analysis in Chapters 4 and 5 of the capabilities and limits of an
energy-only market in transition to a largely renewables-based supply system, one-sided
resolution of such a conflict in favour of the single market regime is not possible without
endangering the renewable energy expansion targets and hence the national and European
climate objectives. To date this conflict has been resolved by pragmatic solutions —
sometimes after intense disputes. What has emerged in practice is a multidimensional
European system of targets which takes balanced account of market deregulation, supply
security and climate action, and which does not give the single market priority over all other
objectives. This interconnection of targets and measures in European energy policy
(CALLIESS 2008; CALLIESS and HEY 2012) should remain the basis for action in the future.
The greater the success of political convergence (cf. HOLZINGER et al. 2008), the smaller
the conflicts of objectives.

On the other hand, complete harmonisation of measures is not absolutely essential, and in
view of divergent energy policy interests and visions of the future in the member states it is
not always politically realistic either (MIDTTUN 2012, p. 30 f.; BERKHOUT etal. 2010;
NILSSON 2011). Moreover, the initial conditions for a common climate policy have
deteriorated considerably in the European financial and economic crisis (FISCHER and
GEDEN 2013). For example, proposals that presuppose centralisation of European energy
policy, such as a European quota system (acatech 2012a; SVR 2012; EFI 2013), appear to
have little political prospect of success. Harmonisation of the promotion of renewable energy
is not desirable, simply because of the widely differing background situations and energy
policy objectives of the member states.

140. Convergence can come about through many other mechanisms, ranging from
imitation of innovative solutions (emulation) to harmonised negotiated solutions that give the
member states different degrees of freedom (HOLZINGER etal. 2008). For example,
coordination, communication, regulatory competition and independent problem solving have,
as voluntary mechanisms, contributed to the convergence of renewable energy promotion
within the EU, without having to enforce this by means of harmonisation (JACOBS 2012).
One example of such a non-centrally controlled diffusion of innovative solutions is the spread
of feed-in tariffs for renewable energy within the EU (JACOBS and MEZ 2012; RAGWITZ
and HELD 2012). The autonomy-friendly flexible arrangements (MIDTTUN 2012) include the
European directives on energy efficiency and renewable energy: By contrast, the emissions
trading scheme is a highly centralised solution (BERKHOUT et al. 2010, p. 149; van ASSELT
2010).
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More recent literature gives reason for optimism that climate policy and renewable energy
expansion may gain momentum despite a not very binding start (JANICKE 2012; MIDTTUN
2012). These authors believe in the positive feedback effects of political measures (policy
feedback). For example, observations have shown that many European measures have
developed growing ambitions and attracted increasing commitment in the course of time
(JORDAN et al. 2010, p. 46). This can be seen, among other things, from the European
requirements for efficiency and renewable energy (cf. SRU 2011, Chapter 5). It involves a
process of learning and adaptation that arises from the contrast between great expectations
of politicians and the initially inadequate solutions of the first generation of policy measures.
One the one hand, first-generation measures create initial problem-solving capacities in the
field of action, and on the other, under-management generates pressure to take action (von
PRITTWITZ 1990). An aspect of strategic importance in this connection is a multi-
dimensional approach based on a large number of coordinated measures and not on one
single instrument that theoretically addresses all problems, like the emissions trading
scheme (JANICKE 2012; MIDTTUN 2012; Enquete-Kommission Wachstum Wohlstand
Lebensqualitat 2013; Item 73; see also notes on the need for a differentiated target
approach, SRU 2013). This multi-dimensional approach is much more resistant to political
blockades and vetoes than a policy that only focuses on a single instrument.

In the long term this could give rise to a European energy policy that pushes ahead not only
with the project of “negative integration” of the single energy market, but also with the project
of “positive integration” (cf. SCHARPF 1999), thereby giving strength to a flexible regulatory
framework for renewable energy, energy efficiency, grid integration and supply security.

These positive integration targets are interdependent, and their design and further
development need to take account of this interdependence (cf. Projektgruppe 4 Enquete-
Kommission Wachstum Wohlstand Lebensqualitdit 2013; EFI 2013; also SVR 2012;
NOTENBOOM et al. 2012; FISCHER and GEDEN 2013). The Green Paper published by the
European Commission in the spring of 2013 is intended to prepare a target structure for 2030
(European Commission 2013). In this context it is important for the success of the
Energiewende that the EU should develop not only a binding climate target for 2030, but also
an ambitious and highly committed target for renewable energy and energy efficiency (SRU
2013). Only with such a coherent system of targets will it be possible to justify further
measures for promoting renewable energy as a contribution to climate action, and also to
minimise competition risks and anticipate the interactions between emission trading,
efficiency and the expansion of renewable energy. If the Energiewende is a strategic national
objective, it follows that a suitably consistent European framework must be of vital national

interest.

141. A constituent factor in the development of such a European system of objectives is
thus the adoption of a committed position in the EU by the German Government. Numerous
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examples reveal a lack of such consistency in the recent past (HEY 2012; DUFFIELD and
WESTPHAL 2011). Indeed, there has been and still is considerable resistance in Germany to
more extensive initiatives by the European Commission to revitalise the European emissions
trading scheme or on energy efficiency (ANCYGIER 2013). This positioning is not coherent
with the Energiewende objectives pursued by the German Government. The establishment
of an effective steering centre for the Energiewende could help to overcome this consistency
problem.

6.3.3 Reform proposals for coordination

142. The governance challenges that are changing with the growing proportion of
renewable energy in the electricity mix can only be met with a large number of interlocking
reform steps. This need arises among other things from the increasing difficulty of controlling
far-reaching changes in the energy system in a way that it is efficient, transparent and
participatory. Various coordination options are available to government representatives and
other governmental actors. They can design the framework for self-regulation, provide
targeted support for initiatives and networks, or influence the position of political strategies by
creating opportunities for interpretation and identification (story-telling) (SGRENSEN 2006;
HAJER 1997). The following sections outline and discuss a humber of possible approaches
that the SRU considers important. Vision development as an important anchor point for all
other processes should be complemented with a coordinating body at central level. However,
a fully differentiated description of the reform needs is beyond the scope of this report.

Climate Change Act

143. It is important that the climate objectives be laid down in binding form to ensure that
they are achieved. The same applies to the renewable energy expansion targets, which in
turn give concrete shape to the climate objectives and translate them into action targets. This
lends the necessary weight to the political and social importance of climate action and the
Energiewende, and creates certainty for investors and planners. The SRU advocates
enshrining the objectives in a Climate Change Act. If the actors to be coordinated in the
multi-level system can be won over by the environmental guiding principle “climate
protection”, the Act could also serve the interests of vision development. In view of the
interactions between climate action, renewable energy and energy efficiency and other
effects of renewable energy and efficiency (SRU 2013), however, the hierarchy of objectives
frequently suggested in the literature (LOSCHEL et al. 2012; SVR 2012; acatech 2012b)
does not appear to make sense. This would once again consign political measures for
renewable energy and efficiency to a less binding field of secondary importance.

Binding enshrinement of the climate objectives and the objectives of the Energiewende in a
Climate Change Act would shift the decarbonisation of society into the focus of political
discussion and support the strategic alignment of the coordination activities (for the
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significance of storytelling and image construction see KOOIMAN and JENTOFT 2009). A
Climate Change Act can help to place climate action, the Energiewende and the relevant
objectives above the political debate. The binding enshrinement of these objectives in a
Climate Change Act could also be a strategic source of legitimation for the control and
coordination of the electricity market reform and thereby reduce uncertainty about the
reversibility of the Energiewende targets.

144. Climate Change Acts have been in place in a number of European countries for some
years now, particularly in Switzerland (1999), France (2005) and the United Kingdom (2008);
all three acts include concrete CO, reduction targets. These acts are described briefly below
in order to assess possible design options from the spectrum of European models, even if
they cannot be applied directly to Germany without checking legal aspects.

The Swiss CO, Act dates from 1999, but was revised at the beginning of 2013
(Bundesgesetz Uber die Reduktion der CO,-Emissionen — CO,-Gesetz). It contains an overall
nationwide reduction target of 20 per cent compared with 1990 by the year 2020. The Swiss
Bundesrat can increase this to up to 40 percent. It also includes sectoral requirements and a
detailed CO, levy on fuels. The Act also contains requirements for technical measures in the
fields of buildings and passenger vehicles. Chapter 4 of the CO, Act is concerned with
emissions trading and compensation.

The preceding act laid down three levels (12, 24, 36 CHF/t CO,) for the CO, levy on fuels, if
the planned overall reduction in CO, emissions was not achieved. At present the highest
level of 36 CHF/t CO, applies because the targets were not achieved. Following the revision
of the Act, the Bundesrat can now increase the levy up to a maximum of 120 CHF/t CO, if
the intermediate targets laid down for the fuels are not achieved.

The French Energy Programme Act (Loi n°2005-781 de programme fixant les orientations de
la politique énergétique) of 13 July 2005, comparable to the German Energy Management
Act, lays down an average annual reduction of greenhouse gases by 3 percent. To achieve
this, a climate plan is drawn up and has to be updated every two years. The Act also
contains final energy intensity reduction targets for the renewables-based share and for
electricity consumption. Other French legislation also contains provisions on climate change
mitigation.

The British Climate Change Act contains very detailed provisions. The Carbon Budgets
embodied in the Act lay down for five years at a time where and how emission reductions are
to be made. The first four Carbon Budget cover the period 2008 to 2027. The reduction
obligations for the emissions trading sector are laid down separately from those for the other
sectors (transport, agriculture and buildings). The budgets lay down the emission levels in
the form of “orders” (e.g. Carbon Budgets Order 2011). The Carbon Plan sets out how the
first four budgets are to be achieved. It lists the individual instruments per sector. The
Climate Change Act was also the basis for establishing the Committee on Climate Change.
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This gives the government independent advice on the Carbon Budgets and evaluates them.
Before setting the emission level, the ministry has to note the advice of the Committee on
Climate Change.

All three European acts contain a performance monitoring system that permits corrective
action (for a comparison of the acts and their common features, see GROR 2011).

145. In Germany there are two climate acts at Lander level which have a number of
features in common. Both North-Rhine/Westphalia (passed in January 2013) and Baden-
Wirttemberg (passed in July 2013) have laid down binding climate targets for the years 2020
and 2050. Both Lander aim to make a 25-percent reduction in greenhouse gas emissions by
2020, compared with 1990. By 2050, emissions are to be reduced by at least 80 per cent in
North-Rhine/Westphalia and by 90per cent in Baden-Wirttemberg (Section 3
Klimaschutzgesetz NRW, Section 4 KSG BW). The climate acts also lay down that the
measures, interim targets and targets necessary for their implementation, among other
things for the expansion of renewable energy and the reduction contributions of the individual
sectors, are to be developed in a follow-up process and enshrined in a climate action plan
(North-Rhine/Westphalia) or an integrated energy and climate concept (Baden-
Wirttemberg). Both acts also contain provisions on monitoring, the model function of the
public administration and the establishment of an advisory council. In both Lander the
individual processes for drawing up the implementation programmes are designed on a
participatory basis from the outset, and offer a wide variety of participation opportunities for
political, social and economic actors and for the general public. The process in North-
Rhine/Westphalia is innovative in that development of measures does not take place in a
linear feedback process, but in a continuous process with early involvement of all political,
economic and social actors, by means of target group specific formats in a broadly based
and relatively far-reaching programme. In the context of developing a vision for society, such
an approach is notable in a densely populated and highly industrialised Land like North-
Rhine/Westphalia, even if it is still too early to make a final assessment of this process. It
could be informative for the federal level to keep the process in the two Lander under
continuous observation, to assess the efficiency and effectiveness of the participatory,
feedback-based procedures in the long term as well.

146. At federal level too, there have been several motions by the opposition to pass a
Climate Change Act (Deutscher Bundestag 2013, p. 31298). Moreover, various studies have
been carried out to investigate the proposals for concrete provisions and possibilities for legal
enshrinement (MATTHES et al. 2010; SINA et al. 2009; WBGU 2011). An act of this kind
would not prevent the passing of acts at Lander level, but would in fact reflect the obligation
of all governmental levels to play an active part in climate action (GROR 2011, p. 177).

147. In summary, a Climate Change Act would be an important point of reference for the
existing and future measures to implement the Energiewende and to reform the design of the



126

electricity market. A Climate Change Act should also integrate other sectors that are not
directly affected by the objectives of the Energiewende. As well as laying down targets
phased over time, the Climate Change Act should provide for action programmes to be
drawn up in follow-up steps. Detailed measures can then be specified in a next step, like the
preparation of the climate action programmes for implementing the climate acts in the
Lander. Furthermore, a Climate Change Act should bundle the relevant legislation, in
particular the Greenhouse Gas Emissions Trading Act (TEHG), the Act concerning the
National Allocation Plan for Greenhouse Gas Emission Allowances for the period 2008 to
2012 (Zuteilungsgesetz 2012 — ZuG 2012), and the Act of 11 December 1997 concerning the
introduction of project mechanisms under the Kyoto Protocol to the United Nations
Framework Convention on Climate Change (ProMechG).

Coordination centre

148. The larger the number of interconnected and interrelated Energiewende tasks, the
greater will be the overlaps between ministerial responsibilities and the greater will be the
need for a coordinating centre. Moreover, governance of the transition will be much more
complex than the existing governance system, because of the number of action levels
concerned. Especially because both interministerial coordination and coordination between
the federal and Lander levels are perceived to be inadequate, repeated calls have been
made in the public debate for the establishment of an energy ministry which would be
responsible for central control and coordination of the Energiewende process (one example
of many: Martin Greive, Matthias Kamann and Daniel Friedrich Sturm: Jetzt wollen alle die
Energiewende fir sich, Die Welt, 12 April 2013).

The main argument for setting up an energy ministry is to improve the efficiency of the
coordination processes, because the final decision rests with only one minister (STIGSON
et al. 2009; KEMFERT 2010, p. 154; RAVE et al. 2013, p. 264 f.).

However, on the basis of her theoretical analyses of the organisation of environmental policy,
especially in its function as an interdisciplinary cross-sectional policy, MULLER (1995; 1999)
comes to the conclusion that there is no one single organisational model in the abstract
sense, but that different organisational models perform better depending on the development
phase of a policy and the stage in the political cycle. She argues that during the phase where
a policy is being newly designed, positive coordination — joint work on solutions to
overarching problem complexes that are initially dealt with in parallel — is the best form of
organisation, especially within an overarching ministry, but that programmes are best
implemented on a shared basis. Since a ministry is always an “advocate” of specific
interests, an environment ministry may be the best guarantee of that demands for
deregulation will be warded off in phases when environmental policy is on the defensive.
Such a constellation is basically conceivable in relation to renewable energy as well.
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At any rate, merging ministries is no guarantee that there will be no conflicts of interests.
They will merely shift to the interministerial level. As a result, they will be less perceptible to
the public and thus solved at interministerial level in a less transparent process. In this
respect different ministries are useful for identifying conflicts and resolving them in a
transparent manner. In the past the conflicts between the Environment Ministry (BMU) and
the Economics Ministry (BMWi) have led to inadequate solutions, because the
interministerial conflicts were sometimes exaggerated by party-political differences (KAISER
2013).

For a number of reasons the SRU advises against introducing a separate energy ministry:

The coordination requirements far exceed the competence of a single ministry. Decisions
concerning the Energiewende are taken not only at federal level, but in a complex multi-level
system, and implemented on a centralised basis. There is thus a need for coordination not
only between the federal ministries, but also between the federal and Bundesland level and
between Germany and the EU.

The Energiewende is not merely the responsibility of the economics and environment
ministries. Other ministries also play an important part, e.g. the ministries of transport,
research or agriculture. It would be unrealistic to bundle all these tasks in a single ministry.

Each ministry acts as the point of contact for specific stakeholders. If these interests are
spread among different ministries, there is competition between the ministries to innovate,
and this can be seen as a driving force behind the Energiewende. With renewables-based
electricity accounting for 25 per cent of electricity consumption, the electricity mix is still
dominated by conventional energy, which means that producers of the latter would
potentially be able to exert great influence in a newly created energy ministry. Special care
must therefore be taken to cater for the interests of the renewable energy sector in the
transitional period. The simplest solution is to leave responsibility for renewable energy in the
Environment Ministry.

The establishment of an additional ministry could lead to individual issues being given
greater priority, resulting in marginal topics becoming less important in the Cabinet
(SCHAMBURECK 2010). Effects in two directions are conceivable here, neither of which
represents any improvement on the status quo. Firstly, an energy ministry could result in
energy topics being given priority over other important issues. In the event of conflicts of
objectives, e.g. between renewable energy and nature conservation, this would not be in the
interests of a balanced solution. Secondly, the relative weakening of the other ministries due
to the Energy Ministry could also give rise to hostile reactions ranging up to a blockade
mentality, because other ministries fear their issues could become less important.

Finally, outsourcing energy topics to an Energiewende ministry would also fail to do justice to
the cross-sectional character of the Energiewende and would not solve the problem that a
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number of ministries were affected. On the other hand, synergies with other topics within a
ministry, e.g. technology policy, would be lost (KAISER 2013). MULLER (1995, p. 518)
advocates that topics with explicitly cross-sectional functions should be integrated in different
sectoral ministries rather than bundling them in a single ministry. STIGSON et al. (2009) also
take the view that bundling energy policy issues in a single ministry is no substitute for much-
needed improvements in interministerial coordination. In the current peer review of German
sustainability policy, the experts — as in the past — advocate creating an officer for
sustainable development, who should be based in the Federal Chancellery. This officer
should be assigned an interface function not only for sustainability policy, but also for the
Energiewende (STIGSON et al. 2013, p. 71).

Neither is it possible to conclude from empirical evidence that bundling energy competencies
in a single ministry yields the hoped-for advantages. The British Energy and Climate Ministry
was established in the interests of strategic positioning in international climate policy and is a
comparatively small ministry performing mainly coordination functions, but other ministries
are still integrated in interministerial coordination, which is not made superfluous by the
creation of an energy ministry (RAVE et al. 2013, p. 267).

An analysis of the Danish example shows that bundling energy issues in a single ministry
can have positive effects on coordination, whereas in the USA these effects were negative
(RAVE et al. 2013). Frequent renaming and restructuring of ministries (e.g. in France) also
indicates that a separate energy ministry has not proved superior and is heavily dependent
on the context. Germany’s attempt in 1998 to bundle energy policy in one ministry — the
Economic Ministry — was not successful. As a consequence, two divisions for renewable
energy were created within the Environment Ministry (KAISER 2013). If it is not possible to
ensure that an energy ministry is more effective and more efficient than a divided
organisation, then such a ministry should not be created. Restructuring (within a ministry or
between ministries) ties up resources and involves (transaction and search) costs, which
means that creating an energy ministry will initially lead to delays in decisions.

Instead of creating a separate ministry it would make sense to optimise the coordination
processes between ministries. A Climate Change Act would be an important connecting
element here. In view of the innovative competition between ministries that can arise from
allocating Energiewende-specific tasks to different ministries, the SRU recommends retaining
the present ministerial competencies.

149. Having a central body to perform a primarily strategic coordination function is
important for the bundling and coordinated interaction of activities in the multi-level system.
The more diverse the actors are and the more is done to comply with demands for more
opportunities for participation, including by civil society, the more important this becomes.
The creation of such a body must however be seen in isolation from the establishment of a
separate energy ministry, as its responsibilities lie mainly in the field of coordination and
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moderation. The task of working out the details of and implementing the individual objectives
of the Energiewende continues to rest with the departments of the existing ministries and
authorities. To enable the diverse coordination tasks to be performed as coherently and
efficiently as possible, the SRU recommends the German Government to establish a central
coordination unit in the Federal Chancellery and equip it with adequate decision powers and
human resources. This would institutionally underpin the policy-making powers of the
Federal Chancellor.

The unit should be integrated in the Federal Chancellery at the level of a minister of state.
This would ensure direct access to the Federal Chancellor, since the minister of state would
belong to the management of the Federal Chancellery (BUSSE and HOFMANN 2010) and
would take part in Cabinet meetings (Section 23 of the Federal Government’s Joint Rules of
Procedure). The rank of a minister of state in the Federal Chancellery reflects the character
of an interministerial integration task. The “Minister of State for the Energiewende” would
sharpen the topic’s profile and give it the necessary importance within the political decision
structures and in the public eye. The minister of state would coordinate the Energiewende
and would have a moderating function in cases of interministerial conflicts, especially at top
level. The minister would also perform this function in consultations between the federal and
Lander levels.

The Minister of State in the Federal Chancellery would formally be of equal rank with the
parliamentary state secretaries in ministries. However, a crucial factor in the exercise of the
relevant powers is that the minister of state is subject to the direct political responsibility of
the Federal Chancellor (BUSSE and HOFMANN 2010). Furthermore, ministers of state do
not have to be members of parliament (Section 1(1), second half sentence of the Act
concerning the Legal Situation of Parliamentary Secretaries of State), but — like all members
of the Federal Government and the Bundesrat — they are entitled to attend all sessions of the
Bundestag and its committees, where they must also be heard (Art. 43(2) of the Basic Law).

To ensure technical support, the “Minister of State for the Energiewende” should have
appropriate divisions, as is the case with the Officer for Culture and Media, for example. The
divisions should reflect the core topic of energy policy. Central to the sphere of duties of the
“Minister of State for the Energiewende” should be the consultation between the federal and
Lander levels, which is crucial to the success of the energy-policy objectives. Decision-
making on energy and climate policy at European and international level also represents
important arenas for the contribution of German experience. It offers room to argue for
needs, and thus influences the freedom of action of national policy. In this spirit the “Minister
of State for the Energiewende” should also contribute to consistent positioning of energy and
climate policy at the various levels.

Furthermore, preparing decisions on fundamental systemic issues should also belong to the
functions of the minister of state, for example the question of whether and, if so, when
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additional investment incentives for generating capacity should be introduced in Germany.
The minister’s functions would also include discussing the essential design principles of such
a mechanism, such as deciding on a central actor responsible for its implementation. Another
central task is regular scrutiny of the independent monitoring reports (Iltem 130). The minister
of state should facilitate and accelerate the establishment of a set of rules for implementing
the Energiewende. The implementation and fine tuning of the set of rules should be the
province of a subordinate level of regulation (Item 152).

6.4 Efficient implementation of the Energiewende

150. As well as coordination and participation, the governance of the Energiewende should
ensure that the system of rules is efficiently designed for its implementation. Section 6.4.1
explains the need to select and assign functions for the official levels of regulation that go
beyond political and strategic decisions and relate to the level of implementing reforms.
Finally, Section 6.4.2 explains — with reference to the changes in electricity market design
recommended by the SRU — the extent to which existing authority structures meet the reform
requirements efficiently or are themselves in need of reform.

6.4.1 Stable and responsive systems of rules

151. Even when managing short-term problems, the governance of the Energiewende
must be in a position to maintain dependable signals for investment decisions and not to
block solutions that are viable in the long term. One means of speeding up political decisions
and supporting their implementation is to delegate decision to another (official) level of
regulation that has greater technical expertise (MAJONE 1997). Greater separation of the
level of rule management from those decision levels that are more exposed to stakeholder
influence can help to depoliticise issues and thus contribute to greater efficiency of the
technical elements of the Energiewende (CHRISTENSEN 2011; Item 126). In an increasingly
integrated energy system, efficient dovetailing and rapid response capacity of the individual
implementation steps are a necessary precondition for reliable electricity supplies. This
means that the authorities directly or indirectly concerned with the implementation of
electricity market reforms (e.g. through targeted scientific expertise) will increasingly be
reliant on cooperation.

Setting down a system of rules for this implementation — with clear official responsibilities and
clear rules for interaction between authorities — can ensure skilled routine handling of even
unknown variables such as the development of costs for storage technology or the changing
face of European legislation. Fundamental decisions, such as decisions on the next steps in
reforming the EEG or on any additions to the market design for the energy-only market, must
— for constitutional reasons — continue to be taken in the parliamentary legislation process.
There is however a need for control at an operational level that is technical and has to adapt
more flexible to new situations. This applies, for example, to determining the size of the
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market premium or possibly in the long term to the administration of a model for
guaranteeing prices for the replacement or construction of additional renewable energy
installations. These tasks also include preparing and providing the necessary basis of
information for such decisions, or collecting indicator information for monitoring, performing
independent monitoring coordinated with the Lander, continuous development and updating
of scenarios, and compiling assessments/reports on progress with the implementation of the
Energiewende.

6.4.2 Proposals for reforming the implementing authorities

152. Today, two federal authorities which also possess considerable technical expertise —
the Federal Environment Agency (UBA) and the Federal Network Agency (BNetzA) — already
perform central tasks in the implementation of the Energiewende. Other authorities are also
involved in matters relating to the implementation of the Energiewende. For example, the
Federal Office of Economics and Export Control (BAFA) deals with applications for special
compensation for electricity-intensive companies under the EEG. It is beyond the scope of
this special report to list all the relevant tasks of all the authorities and describe their
interconnections. The following remarks are therefore of a more general nature. The
allocation of responsibilities to higher federal authorities should generally be in line with the
subject area of the managing authority, in order to strengthen existing expertise. For the
Federal Network Agency this currently means performing tasks in the field of grid expansion
and supply security, while for the Federal Environment Agency it includes the promotion of
renewable energy and climate action. A concrete example of a new task for the UBA in
connection with electricity market design would be calculating the size of the variable market
premium, as suggested by the SRU (cf. Item 103).

To ensure that the competencies of the authorities can be used efficiently, three aspects are
of central importance: Firstly, the transparency of work processes and opportunities for
participation, secondly a clearly defined relationship between the legislature and the
implementing authority, and thirdly optimised coordination between the implementing
authorities themselves.

Firstly, publicly transparent work processes in an authority are of central importance to make
it easier to verify that its work is in line with the overarching objectives of the Energiewende
and to counteract the risk that the authority may be “captured” by stakeholder influence (cf.
CHRISTENSEN 2011). In any expansion or restructuring of authorities it is a matter of
institutionalising and optimising sufficiently formalised opportunities for participation.
Favourable mention must be made of the legislative design of public participation and
consultation in grid planning (CALLIESS and DROSS 2012), though it remains to be seen
how suitable the processes are in practice and it may be necessary to adjust the framework
conditions accordingly (LUHMANN 2013). Moreover, the authorities must be provided with
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adequate human and financial resources to ensure transparent implementation of the
Energiewende.

Secondly, any extension of the tasks of the implementing authorities must be accompanied
by investigation and clarification of the relationship between the legislature, responsible
ministries and implementing authority. Clear allocation of responsibilities and transparent
presentation of this division of responsibilities is a precondition for cooperation between
authorities and efficient use of their competencies.

Thirdly, cooperation between authorities should be strengthened by means of coordination
mechanisms ranging up to rules of common agreement. Bringing all organisational sub-units
together in an “Energiewende” department within the authority in question could be useful
and should be investigated. Within the authorities, departments should be set up for
federal/regional coordination (e.g. coordination of reports and monitoring processes),
bilateral coordination (Germany with neighbours) and EU coordination.

6.5 Interim conclusions

153. Energy policy in Germany is going through a process of transformation. An electricity
market based on largely renewables-based supply of electricity requires reforms that are
increasingly having impacts on different sectors and hence different portfolios at all political
levels. In the course of these changes, the spectrum of actors is also changing: new
institutions and organisations are being set up, old actors are adapting their strategies, new
alliances and arenas are forming. This results in an increased need for coordination and
consultation. On the one hand it is important to take advantage of the diverse steering
initiatives and a pluralistic actor structure as an opportunity. On the other hand, specific
decisions require closer coordination at a central level. This applies, for example, to
fundamental decisions on the reform of the EEG or the decision on introducing a
supplementary financing mechanism for the construction of new capacity.

154. In answer to these challenges, the SRU considers the following elements of
governance reform to be essential:

ensuring forms of participation for less influential groups,
— creating a Climate Change Act,

— preserving the basic divisions between ministries and creating a central coordination unit
in the Federal Chancellery with the rank of a minister of state for handling the transition to
a largely renewables-based energy supply system, and

— outsourcing Energiewende implementation tasks to the UBA and the BNetzA and
strengthening the binding nature of cooperation between authorities.

155. A major success factor in the reform process is participation in political decision
processes, not merely in the costs, but also in the benefits of the Energiewende. In addition
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to the creation and institutionalisation of participation formats, the development of a vision for
society could support acceptance of the reforms. The creation of a Climate Change Act is a
suitable framework for developing this vision. It places climate change in the focus of the
political debate. The binding objectives create a point of reference for individual aspects of
Energiewende implementation — such as the further expansion of renewable energy and the
redesigning of the electricity market.

The SRU takes a critical view of the proposals for creating a separate energy (or
Energiewende) ministry. The coordination requirements far exceed the competence of a
single ministry. Decisions concerning the Energiewende are taken not only at federal level,
but in a complex multi-level system, and implemented on a centralised basis. There is thus a
need for coordination not only between the federal ministries, but also between the federal
and Bundesland level and between Germany and the EU. The Energiewende is not merely
the responsibility of the Economics Ministry and the Environment Ministry. Other ministries
also play an important part, e.g. the ministries of transport, research or agriculture. It would
be unrealistic to bundle all these tasks in a single ministry.

The handling of cross-sectional tasks and interministerial control of stakeholder influence are
essential for transparent, effective and efficient reform of the design of the electricity market.
For this reason the SRU advocates retaining the present divisions between the ministries.
The creation of a separate energy ministry would run the risk of losing a strategically
important innovation driver for the transition.

Instead, the establishment of a central coordination unit is an important governance element.
There is a need for a unit where all important information on the progress of and changes in
technology development and the implementation of the Energiewende comes together, to
enable decision makers to gain an overview of trends and obstacles and to feed the relevant
information back into (decentralised) processes. This coordination unit should be located in
the Federal Chancellery, at the level of a minister of state.

The control function at operational level should continue to be exercised by the existing
authorities. In order to make efficient use of authorities’ competencies, participation
opportunities and transparency of work processes should be guaranteed, the relationship
between the legislature and the implementing authority should be clearly defined, and
coordination between the implementing authorities should be optimised.
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7 Summary

156. Electricity generation in Germany is going through a process of transformation. This
was set in motion by the far-reaching political decisions in favour of climate action, renewable
energy expansion and the phasing-out of nuclear power by 2022. On the basis of a broad
political consensus, the Federal Government made a commitment to climate action and
thereby set the central framework of targets. By 2050 greenhouse gas emissions in Germany
are to be reduced by 80 to 95 per cent compared with 1990. In the same year the
renewables share of electricity supplies is to reach at least 80 percent. In line with numerous
research studies, the German Advisory Council on the Environment (SRU) has shown that
electricity supply based entirely on renewable energy is not only possible, but also essential
for achieving the climate objectives. The present special report draws attention to central
issues relating to the need to redesign the electricity market to handle electricity supplies
largely based on renewable energy.

Technical characteristics of a flexible, electricity-based energy system

157. Transforming the energy system into a system where electricity is largely generated
from fluctuating energy sources as lead technologies has very extensive implications going
far beyond the mere substitution of fuels. What is in fact required is a fundamental
restructuring of the entire energy system in which the focus is on the supply of electricity from
wind energy and photovoltaic systems and all other system components have to be geared
to the special features of these energy sources. All controllable capacity must serve to
balance the supply of renewable energy.

There is basically a large portfolio of load balancing options. In the long term, this will have to
be used to the full. What contribution the individual components make, and in what order
they are used, depends on a large number of technical, economic and regulatory factors
which will emerge as the transformation of the energy system progresses.

First of all, an energy system that draws its supplies largely from renewable energy means a
supply system which is based much more on electricity and which breaks down the
boundaries between the individual sectors. Other important features of this new system will
be the possibility of converting between the various forms of energy (electricity, heat, fuels)
and the interaction of the consumer sectors (buildings, transport, industry).

Grid optimisation and grid expansion in Germany are of special importance for load
balancing. The grid is also a precondition for being able to take advantage of the options for
more flexible supply and demand. Furthermore, there is a need for greater interconnection of
the European power grids and markets, in order to balance rapid variations in electricity
supply over as large an area as possible and cater for regional and timing differences.

Load management and storage facilities will play a major role in an energy supply system
based largely on renewables. Their capacity to ensure secure supplies even in unfavourable
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meteorological situations by storing for long periods and shifting large quantities of energy is
an important factor.

Designing the electricity market to handle largely renewable energy supplies

158. Even under the conditions of a supply system largely based on renewable energy, the
main functions of the energy-only market must be guaranteed, namely managing generation
capacity deployment, sufficient flexibility to cover residual load and financing of capacity. The
market structures must be adapted to the characteristics of the future lead technologies.

Capacity deployment will continue to be managed via the energy-only market. Moreover, to
balance the fluctuations in electricity from renewable energy and the fact that they are more
difficult to predict, adjustable capacities will also have to satisfy high flexibility requirements.
What is more, the biggest challenge will be financing the capital cost of renewable energy
installations and the supplementary infrastructure.

159. At present the price on the energy-only market is determined by the variable costs of
the generating capacity marginal generating capacity. In future we can expect an increasing
number of instances where prices on the energy-only market are set by the demand, above
the marginal costs of the marginal generating capacity. In view of the demand sector
integration (heat, transport, basic raw materials), the spatial integration (interconnection with
load profiles in other countries) and time-shifting options (storage), demand will be
considerably more price-elastic than in the past, with the result that positive prices can still be
expected even at relatively high in-feed levels. Thus a situation in which there was no use at
all for weather-dependent electricity and the exchange price fell to zero or curtailment
became necessary would tend to be rare situation, even in a supply system based largely on
renewable energy sources. In view of the large proportion of wind and solar energy with
variable costs close to zero and sizeable fluctuations in supply, prices on the electricity
market can nevertheless be expected to be lower and more volatile than at present in a
supply system based largely on electricity from renewable sources. This will provide certain —
albeit limited — financial opportunities.

To fill the finance gap on the supply side, the SRU advocates in the long term a system of
capacity payments for the renewable capacity cost component that cannot be financed
through the energy-only market. In a supply system based largely on renewable energy this
would mean a transition from the present price-setting system to a system in which the
quantity of renewable capacity is set. Considerable further research is needed to ascertain
the implications for the design of this system. On the demand side, electricity customers
should pay separate capacity charges to finance supply security. In view of rising fixed cost
components, this will help to allocate costs better to those who cause them.

The situation with maximum residual load causes problems in peak-load balancing.
Furthermore, there will be — albeit occasional — periods when there is not enough renewable
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energy being fed in, and these cannot be offset by short-term storage options. The market
does not offer adequate financing opportunities for insurance-like solutions for these rare
long periods. However, guaranteeing security of supply is a state function for which suitable
solutions have yet to be found. The SRU therefore assumes that back-up capacity in the
form of long-term storage facilities and highly flexible gas turbines will have to be available,
and their financing will have to be ensured by the state. It could also become necessary to
introduce a renewable gas reserve to ensure operation of gas-fired power stations.

Designing the market for the transition

160. In the transition to an electricity supply system based on renewable energy there are
currently three major challenges: security of supply with regard to fossil back-up capacity and
the final phase-out of nuclear energy; great flexibility of the market for fossil and renewable
energy production; and the demand for and costs of renewable energy expansion.

Topics under discussion for ensuring security of supply include the introduction of a strategic
reserve and various models of capacity markets. The various proposals for capacity markets
represent substantial interventions in the electricity market, and the relevant risks should be
carefully considered in advance. Existing capacity markets in other countries have had the
task of providing long-term support for fossil power stations. Also, they are not relevant to the
context of an extensive transition to renewable energy, as would be the case in Germany.
Moreover, there are hardly any quantitative analyses of the long-term effects on the market.
These complex funding instruments could nevertheless prove to be necessary in future to
provide temporary support for fossil capacity. In that case, however, it would be necessary to
ensure that the capacity is only maintained or expanded long enough to allow previously
completed gas power stations to pay for themselves. If the political level does not make it
absolutely clear that it is only prepared to introduce capacity markets on this condition, the
mere discussion about capacity markets will make these necessary as a self-fulfilling
prophecy, because the discussion itself will put unfunded investments at risk.

The strategic reserve, by contrast, places greater faith in the incentive potential of the
energy-only market itself and therefore represents a less serious intervention. The SRU
therefore considers it preferable. The strategic reserve only comes into use if there are signs
of a supply shortage. It consists of power stations that are not — or no longer — on the market.
It can focus on capacities at the end of their economic life, or it may also permit flexible new
power stations.

Regardless of any decision between these two hotly debated alternatives, there is
fundamental need for greater flexibility of generation and demand. The greater the success
in making the underlying structures more flexible, the less invasive any intervention in the
market has to be to ensure security of supply. After all, every capacity mechanism merely
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compensates for the fact that the income streams generated for the plant operators by the
energy-only market are not sufficient.

In the case of the fossil power plant capacity needed during the transition, lack of flexibility is
the central problem in adapting to the large and rapid fluctuations in residual load. The power
plant portfolio is characterised by a surplus of relatively inflexible power stations. It is
therefore necessary in the near future to maintain and build more gas-fired power stations
and to remove lignite power stations from the market. This can be encouraged by a
sufficiently high carbon price. Revitalisation of the European emissions trading scheme is the
instrument of choice for this purpose.

For this reason, ambitious European climate and energy targets for 2030 are of vital interest
to the Energiewende. The SRU therefore considers there is a need for a European climate
target for 2030 that aims to achieve at least a 45-percent reduction in greenhouse gas
emissions compared with the reference figure for 1990 by means of measures within the EU.

If revitalisation of the emissions trading scheme — for which the temporary withdrawal of
emission allowances in the current trading period (backloading) is a first step — is not
successful, economic or regulatory measures should be taken at national level. In that case
the existing exemptions for electricity generating plants in the Energy Tax Act should be
abolished and the amount of taxation should be adjusted and geared to the specific carbon
content of the fossil fuels. At national level there are also numerous regulatory options for
reducing CO, emissions, and these should be investigated further as appropriate.

In addition to increasing carbon prices, a number of other measures are also needed.
Trading activities should be better adapted to the characteristics of weather-dependent
renewable energy sources. Here the focus is on making market structures more flexible and
giving more emphasis to short-term trading. These are tasks that can be implemented today.
Greater attention should be paid to the interests of the grid operator. This includes
strengthening the intraday market over the day-ahead market, defining individual flexibility
products on the electricity balancing market, and enabling weather-dependent energy
sources to participate on the electricity balancing market. Secondly, it includes increasing the
flexibility of the demand side, which is already practised to some extent in the industrial
sector, but still suffers from counter-productive incentives and regulations. Thirdly, greater
European market integration and pan-European grid expansion are absolutely essential.

161. The EEG has proved to be a very effective subsidising instrument in the renewable
energy sector, especially since feed-in tariffs are, empirically speaking, generally more
efficient than quota models. Hence the control and over-subsidising problems associated
with the EEG do not justify a change of system to a quota model.

162. The SRU takes the view that the current debate on costs in connection with the EEG
is based on incorrect assumptions. On the one hand, it explains the increase in electricity
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prices in recent years as being due entirely to the expansion of renewable energy. On the
other, the discussion about the EEG surcharge focuses on an indicator that is unsuitable for
determining the actual cost of promoting renewable energy. Even if the costs situation
undoubtedly indicates a need for reform, such a reform should not be a response to current
developments that are held to be undesirable, but should be basically geared to
requirements for the transformation of the energy system.

163. In the context of the present discussion about a reform of the EEG, the SRU
advocates developing and refining the variable market premium. To motivate plant operators
to adopt a more demand-oriented feed-in behaviour, they should be given greater exposure
to price signals. It must however be borne in mind that in all probability the energy-only
market can only finance part of the capital and maintenance costs of renewable energy.
Further stable growth of renewable energy therefore requires a combined payment system
consisting of a market element and a subsidised premium payment, plus a fair and
economically sensible apportionment of the risks. In future there is a need for a promotion
regime that provides sufficient certainty for investment by plant operators and at the same
time offers incentives for greater market integration and demand orientation.

Based on the current model of the optional variable market premium, the SRU proposes the
following central amendments to the present design:

— Direct marketing as a binding requirement for all new renewable energy installations,

— Change the payment limit from a time limit to a maximum subsidised quantity of electricity
in the form of a capacity-specific kilowatt-hour contingent,

— Calculate the variable market premium using a site-specific and technology-specific virtual
reference installation,

— Reduce political influence by setting the premium on the basis of a cost index.

The model of an improved variable market premium suggested here can help to reduce costs
during the energy system transformation phase, without impeding the expansion of
renewable energy by an unbalanced allocation of risks. First of all, there is a general
increase in the national economic value of the electricity fed in, as part of a greater demand
orientation of renewable energy. Since demand-oriented installations earn more revenue on
the electricity market, and since electricity prices on the exchange will probably fluctuate less
because of the more demand-oriented feed-in, the additional promotion is likely to decline in
the medium term compared with the present EEG system, which will also relieve the burden
on electricity customers. The costs to the national economy are also reduced by the fact that
greater market integration reduces the need for flexible capacity and storage facilities.
Furthermore, easier access to the electricity balancing market for directly marketed
renewable energy can have positive economic and environmental effects within the entire
system, for example through a reduction in conventional must-run.
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Energiewende as a challenge for coordination and decision systems

164. Energy policy in Germany is going through a process of transformation. A market
based on largely renewables-based supply of electricity calls for reforms that are increasingly
having impacts on different sectors and hence different portfolios at all political levels. In the
course of these changes, the spectrum of actors is also changing: new institutions and
organisations are being set up, old actors are adapting their strategies, new alliances and
arenas are forming. This results in an increased need for coordination and consultation. On
the one hand it is important to take advantage of the diverse steering initiatives and a
pluralistic actor structure as an opportunity. On the other hand, specific decisions require
closer coordination at a central level. This applies, for example, to fundamental decisions on
the reform of the EEG or the decision on introducing a supplementary financing mechanism
for the construction of new capacity.

165. In answer to these challenges, the SRU considers the following elements of
governance reform to be essential:

ensuring forms of participation for less influential groups,
— creating a Climate Change Act,

— preserving the basic divisions between ministries and creating a central coordination unit
in the Federal Chancellery with the rank of a minister of state for handling the transition to
a largely renewables-based energy supply system, and

— outsourcing Energiewende implementation tasks to the UBA and the BNetzA and
strengthening the binding nature of cooperation between authorities.

166. A major success factor in the reform process is participation in political decision
processes, not merely in the costs, but also in the benefits of the Energiewende. In addition
to the creation and institutionalisation of participation formats, the development of a vision for
society could support acceptance of the reforms. The creation of a Climate Change Act is a
suitable framework for developing this vision. It places climate change in the focus of the
political debate. The binding objectives create a point of reference for individual aspects of
Energiewende implementation — such as the further expansion of renewable energy and the
redesigning of the electricity market.

The SRU takes a critical view of the proposals for creating a separate energy (or
Energiewende) ministry. The coordination requirements far exceed the competence of a
single ministry. Decisions concerning the Energiewende are taken not only at federal level,
but in a complex multi-level system, and implemented on a centralised basis. There is thus a
need for coordination not only between the federal ministries, but also between the federal
and Bundesland level and between Germany and the EU. The Energiewende is not merely
the responsibility of the Economics Ministry and the Environment Ministry. Other ministries
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also play an important part, e.g. the ministries of transport, research or agriculture. It would
be unrealistic to bundle all these tasks in a single ministry.

The handling of cross-sectional tasks and interministerial control of stakeholder influence are
essential for transparent, effective and efficient reform of the design of the electricity market.
For this reason the SRU advocates retaining the present divisions between the ministries.
The creation of a separate energy ministry would run the risk of losing a strategically
important innovation driver for the transition.

Instead, the establishment of a central coordination unit is an important governance element.
There is a need for a unit where all important information on the progress of and changes in
technology development and the implementation of the Energiewende comes together, to
enable decision makers to gain an overview of trends and obstacles and to feed the relevant
information back into (decentralised) processes. This coordination unit should be located in
the Federal Chancellery, at the level of a minister of state.

The control function at operational level should continue to be exercised by the existing
authorities. In order to make efficient use of authorities’ competencies, patrticipation
opportunities and transparency of work processes should be guaranteed, the relationship
between the legislature and the implementing authority should be clearly defined, and
coordination between the implementing authorities should be optimised.
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Ministry of the Environment, Nature Conservation
and Nuclear Safety

Charter Establishing an Advisory Council on the Environment
at the Ministry of the Environment, Nature Conservation and
Nuclear Safety

1 March 2005

Article 1

The Advisory Council on the Environment has been established to periodically assess the
environmental situation and environmental conditions in the Federal Republic of Germany
and to facilitate opinion formation in all government ministries, departments and offices that
have jurisdiction over the environment, and in the general public.

Article 2

(1) The Advisory Council on the Environment shall comprise seven members who have
special scientific knowledge and experience with respect to environmental protection.

(2) The members of the Advisory Council on the Environment shall not be members of the
government, a legislative body of the government or the civil service of the Federal
Government, state governments or of any another public entity, universities and scientific
institutes excepted. Further, they shall not represent any trade association, or employers’ or
employees’ association, nor shall they be in the permanent employ of or party to any non-
gratuitous contract or agreement with any such association, nor shall they have done so in
the 12 months prior to their appointment to the Advisory Council on the Environment.

Article 3

The task with which the Advisory Council on the Environment is charged shall be to describe
the current environmental situation and environmental trends, and to point out
environmentally related problems and suggest possible ways and means of preventing or
correcting them.

Article 4

The Advisory Council on the Environment is charged exclusively with the mission stated in
this charter and may determine its activities independently.

Article 5

The Advisory Council on the Environment shall provide the federal ministries whose area of
competence is involved, or their representatives, the opportunity to comment on important
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issues that emerge as a result of the Council's performing its task, and to do so before the
Council publishes it reports on these issues.

Article 6

The Advisory Council on the Environment may arrange hearings for federal offices and
Lander offices concerning particular issues, as well as invite the opinions of non-
governmentally affiliated experts, particularly those who represent business and
environmental associations.

Article 7

(1) The Advisory Council on the Environment shall draw up a report every four years, to be
submitted to the Federal Government in May. The report is to be published by the Council.

(2) The Advisory Council on the Environment may make additional reports or statements on
particular issues. The Federal Ministry of the Environment, Nature Conservation and Nuclear
Safety may commission the Council to make further reports and statements. The Council is
to submit the reports and statements mentioned in clauses (1) and (2) of this article to the
Federal Ministry of the Environment, Nature Conservation and Nuclear Safety.

Article 8

(1) Upon approval by the Federal Cabinet, the members of the Advisory Council on the
Environment shall be appointed by the Federal Ministry of the Environment, Nature
Conservation and Nuclear Safety for the period of four years. Equal participation of women
and men shall be aimed for as provided for in the law governing appointments to federal
bodies (the Bundesgremienbesetzungsgesetz). Reappointment shall be possible.

(2) The members of the Council may give written notice to resign from the Council to the
Federal Ministry of the Environment, Nature Conservation and Nuclear Safety at any time.

(3) Should a member of the Council resign before serving the full four-year period, a new
member shall be appointed for the remaining period. Reappointment shall be possible.

Article 9

(1) The Advisory Council on the Environment shall elect, by secret ballot, a chairperson who
shall serve for a period of four years. Re-election shall be possible.

(2) The Advisory Council on the Environment shall set its own agenda, which shall be subject
to approval by the Federal Minister of the Environment, Nature Conservation and Nuclear
Safety.

(3) Should a minority of the members of the Council be of a different opinion from the
majority of the members when preparing a report, they are to be given an opportunity to
express this opinion in the report.
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Article 10

The Advisory Council on the Environment shall be provided with a secretariat to assist it in
the performance of its work.

Article 11

The members of the Advisory Council on the Environment and its secretariat are sworn to
secrecy as concerns the Council’s advisory activities and any advisory documents that it
classifies as confidential, and as concerns any information given to the Council that is
classified as confidential.

Article 12

(1) The members of the Advisory Council on the Environment are to be paid a lump-sum
compensation and to be reimbursed for their travel expenses. The amount of compensation
and reimbursement shall be determined by the Federal Ministry of the Environment, Nature
Conservation and Nuclear Safety, with the consent of the Federal Ministry of the Interior and
the Federal Minister of Finances.

(2) The financial funding for the Advisory Council on the Environment shall be provided by
the Federal Government.

Article 13

To accommodate the new date of submission to the Federal Government under Article 7 (1),
the Federal Ministry of the Environment, Nature Conservation and Nuclear Safety may
extend the appointments of the Council members in office when this Charter enters into force
to 30 June 2008 without requiring the approval of the Federal Cabinet.

Article 14

The Charter Establishing an Advisory Council on the Environment at the Federal Ministry of
the Environment, Nature Conservation and Nuclear Safety (GMBI. 1990, no. 32, p. 831),
issued on 10 August 1990, is superseded by this charter.

Berlin, 1 March 2005

The Federal Minister of the Environment, Nature Conservation and Nuclear Safety

Jurgen Trittin
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