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Germany’s current efforts to decarbonize its electricity system are analysed. As nuclear power and fossil power plants equipped
with carbon capture and storage were ruled out in 2011, renewable electricity generation (RES) together with electricity savings
are the primary focus for achieving decarbonization. Germany aims to have RES account for at least 80% of its electricity by 2050.
Achieving renewable generation needs strong political support and regulatory provisions for its market integration. Four main
technical and regulatory challenges are the maintenance of a steady and efficient expansion of RES, the provision of balancing
capacities, the realization of the targeted electricity savings, and the smart adaptation of the transport and distribution grid.
An overview of the existing and planned regulatory provisions for decarbonization are described, and some gaps identified,
particularly with regard to the overall management of the process, the inclusion of electricity savings and the interference of
Germany’s decarbonization strategies with neighbouring countries. Policies that both accelerate grid expansion and direct
RES expansion should immediately be put in place and can be supported by a targeted mobilization of balancing capacities.
Electricity savings are a significant and cost-efficient strategy for low-carbon electricity.

Policy relevance

Germany is actively converting its national electricity system towards a fully renewable one. As renewable electricity has
reached about a quarter of total consumption, a number of technical and regulatory challenges arise. Current discussions
and plans are described for the four main challenges: maintaining and optimizing high investment rates into RES generation
technologies, providing balancing capacities, reducing demand, and adapting the grid to the changing needs. Policy
recommendations for these four tasks highlight the need to intensify electricity demand reduction and also consider the
potential interactions between the German electricity system and its neighbouring countries.
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1. Introduction

In autumn 2010, the German Federal Government envisaged a low-carbon future based on a combi-
nation of 10% electricity savings relative to 2008 by 2020 (25% by 2050) and the use of all three
low-carbon electricity generation technology groups (LCEGTs).! Energy from renewable sources
(RES), as defined in the EU’s RES-Directive, was set to deliver 35% of gross electricity consumption
by 2020, 50% by 2030, 65% by 2040, and 80% by 2050, together with prolonged lifetimes of nuclear
power plants (NPPs), which were seen as a ‘bridge’ to a low-carbon electricity system. By 2020, the
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German government also aimed to implement 2 of the 12 CCS demonstration projects that the EU had
pledged to support.

However, in 2011, one of the three LCEGTs — RES — became the only viable option for Germany. The
Energiewende triggered by the Japanese nuclear catastrophe heralded the end of NPPs in Germany.?
Between June and July 2011, several laws were passed that led to the final shutdown of the eight
NPPs already mothballed from March 2011, and stipulated concrete termination dates for the licences
of the remaining nine NPPs. The last two NPPs will stop operating by the end of 20223 at the latest.

Also in 2011 (and coincidentally), carbon capture and storage (CCS), which had been in trouble for
years, suffered a severe blow. A first attempt to implement the EU CCS directive into national law had
already failed in summer 2010 as a result of strong resistance from those states in which potential
storage facilities are located. A more cautious draft law from April 2011 has not yet been passed, and
legal certainty for CCS investment remains lacking (Viebahn, Vallentin, Holler, & Fischedick, 2011).
In response, Vattenfall closed the last existing German CCS pilot plant in December 2011 (Resenhoeft,
2011). In other EU countries the prospects for CCS also look rather gloomy (von Hirschhausen, Herold,
& Oei, 2012).

Surprisingly, in spite of the loss of two LCEGTSs, the Government did not increase its aspirational RES
targets. Instead, this was done by the German Parliament, which made only one essential adjustment
to the package of laws: it altered the wording of the Renewable Energy Law (EEG) used to describe the
target share of RES in electricity production from ‘80% by 2050’ to ‘at least 80% by 2050 at the latest’,
and the equivalent for the other RES targets (see EEG, 2011, §1(2)).4

Consequently, German federal states, partly triggered by the Fukushima effect, started to compete to
attract RES generation to both add value and channel financial resources from the federal financing
scheme to their territories. Overall, they substantially increased their respective targets for RES expan-
sion (BNetzA, 2011a; dena, 2011) and are starting to improve the financial prospects for RES invest-
ments by streamlining planning procedures and revising legal requirements. The states are currently
targeting RES growth that could - depending on demand - lead to renewable electricity supplying
almost 50% of Germany'’s electricity demand as early as 2020. For the purposes of planning its grid
expansion, the German Federal Network Agency (BNetzA, 2011a), which is the federal grid regulator,
used a figure of over 60% by 2032 as the most ‘probable’ basic assumption. This is a path well beyond
the stated aims of the German Government.

Itis concluded from these (ambivalent) experiences that the expansion of RES electricity has already
achieved a self-sustaining dynamic in Germany. This dynamic is being driven by competing political
actors (who remove barriers and build infrastructures) and the well-known forms of competition
between companies that result in technological progress and, consequently, decreasing technological
costs.”

2. Four main regulatory challenges for low-carbon electricity

Whether or not Germany will achieve the expected share of RES electricity, the robust expansion of RES
is forcing the rapid transformation of the German electricity system. This transformation, given the
outstanding complexity of its subject, is in itself a huge management challenge. In addition, there
are four main technical and regulatory challenges:
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How to continue the steady and efficient® expansion of renewable generation capacities without
increasing the need for balancing capacity to an unjustified or even unfeasible level

How to provide balancing capacities from several origins, not only from conventional power
plants, in a non-discriminatory way, as is necessary in the short term (assuring frequency stability)
and in the mid term (to bridge possible capacity gaps in times of insufficient RES supply)

How to achieve the targeted electricity savings

How best to adapt the grid to enable the targeted expansion of RES electricity by both increasing the
capacities of the transport grids and enabling intelligent use of distribution networks (‘smart grid’)

Meeting these major technical challenges is the core regulatory target in Germany. However, it
should be noted that the third challenge - i.e. saving electricity by improving efficiency - is not
even being discussed in a regulatory context as yet, even if demand-side management (DSM) is
under consideration.

2.1. Efficient expansion of RES capacities

Although the Renewable Energy Law has proven very effective in increasing the level of RES electricity
to represent more than 20% of German gross demand (and is on track to be 40-50% by 2020) the effi-
ciency of the transformation is becoming increasingly urgent. The challenge is to ensure that a further
expansion of contributions from volatile sources does not create inefficiency and overly high costs in
terms of grid expansion, the development of balancing capacities, and/or disconnecting RES gener-
ation in times of grid combustion.

Priority grid access” and the fixed feed-in tariffs (FITs) granted by the Renewable Energy Law are the
main political instruments that influence RES capacity expansion.® Setting fixed feed-in rates for
specific technologies - e.g. photovoltaics, wind, or biomass - influences technology choice. The
German Parliament has already used this in relation to the RES technology portfolio: it has significantly
decreased rates for photovoltaics and increased support for offshore wind. Additional measures, e.g. to
incentivize initial investment into offshore wind power, have also been introduced. However, this
process has been slow and, being at the forefront of public and economic interest, is also subject to
intense political debate.’

While reducing feed-in rates may be effective in slowing down the growth rates of certain technol-
ogies, the tools to determine where capacity growth should be located are weak and indirect. For the
integration of distributed generation from RES into distribution grids, distribution grid operators
would be entitled to apply ‘deep charges’ for grid connections that are full cost-oriented (Vogel,
2009, p. 3671) or smart contracts containing locational elements (Brandstdtt, Brunekreeft, & Friedrich-
sen, 2011). There is already a device for large-scale geographic steering: the differentiated FIT rate for
onshore wind at low wind sites. This instrument could be further developed to incentivize capacity
development in southern Germany where most low wind regions are potentially, to slow down devel-
opmentin the already highly developed high wind sites which are mainly located in northern Germany.

2.2, Provision of balancing capacities
In a landmark paper on the ‘smart grid’ and the ‘smart market’, the German Federal Network Agency
(BNetzA, 2011b) provided the conceptual basis for a stakeholder discussion on core regulatory
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challenges. In particular, it outlined its preferences in terms of the complementary nature of markets
and market-enabling provisions: on the one hand, there is the ‘infrastructure’ (mainly grid expansion
and improvement, but also as a general definition of basic products or cases), which should be provided
centrally; on the other hand, there is the ‘balancing capacity’ (differentiated according to several
characteristics), which the markets should provide. The subjects of the provision are, accordingly,
the regulator and a manifold of economic subjects. Even if the regulator were to be assisted generally
by private enterprises, it would essentially be a public service that was provided.

The conceptual foundation for this approach was transferred from the IT sector, in which it is
common to distinguish between one ‘platform’ and (many) ‘use cases’ to be provided at the platform
installed. The public service would thus be restricted to enabling the provision of capacities that
contribute to the balancing task by market-driven processes, including all possible suppliers, in a
non-discriminatory manner.

The main consequence of the BNetzA paper was to abandon the unilateral notion that the only
‘possible suppliers’ of electricity are the traditional electricity producers. Instead, the German
Federal Network Agency introduced a new third party standing between producers and consumers,
known as ‘prosumers’. As prosumers, electricity-consuming agents supply their respective balancing
capacities according to their capabilities of demand management or decentralized production. Large
consumers may do this on their own, or it may be controlled (e.g. for household consumers or electric
car users) in a coordinated manner by a specialized agent (Schleicher-Tappeser, 2012; Verbong, Beem-
sterboer, & Sengers, 2012).

In the existing incentive system, regional differences are not taken into account as grid operators
provide regional balancing under the public service umbrella. The fiction of ‘automatic’ regional bal-
ancing is obviously unrealistic. Regional balancing comprises two different but increasingly important
tasks. At the macro-level, an increasing amount of electricity has to be physically transported from the
mainly northern sources to consumers located mainly in the south. This can be solved by improving
the transport capacities of the grid. At the micro-level, the vast majority of the new renewable gener-
ation from onshore wind, photovoltaic, and biomass is already fed into distribution grids. With
increasingly decentralized generation at the micro-level, ‘smart’ regional balancing becomes particu-
larly important if inefficient or even unfeasible demands on the grid are to be avoided.

The regulatory consequence of unfeasible demands, as explored by the Federal Grid Agency (BNetzA,
2011b), is to decrease the complexity of the system in Germany, which is currently split into four TSO
regions, by splitting it on a second level into regional ‘cells’. These cells, in principle, can provide and
optimize their internal balance (at every point in time) and communicate with the general system'’s
grid dispatcher only with respect to remaining or intentional deficiencies or surpluses.'?

Nevertheless, it is highly likely that it will be necessary to actively provide for large-scale compensating
capacities. Options for these capacities are manifold and must be carefully selected and designed accord-
ing to both the phase in the transformation process in which they are needed and the regional differences
and potential lack of capacity. For this purpose, the regulator (BNetzA) is relying on a legal provision.'! If
the security of the system seems to be endangered, the regulator is entitled to call for tender for the con-
struction of compensating capacities according to its specification. This instrument is currently predomi-
nantly conceptualized with regard to supply-side balancing capacities. Measures that aim to make
electricity savings, or those that encourage supply of balancing services by prosumers, are, however,
equivalent to a capacity increase; i.e. they can also be made the subject of a tendering procedure.
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2.3. Negawatt as LCE(G)T

Given the targets identified by the German Government, electricity savings, or in supply-side wording
‘negawatts’, must significantly contribute to a low-carbon electricity system (FRG, 2010). These ‘net’
targets are particularly ambitious as they include increasing electricity demand for heating purposes
(heat pumps) and electric vehicles.

Although negawatts and DSM, e.g. in industry (as analysed by Paulus & Borggrefe, 2011), have not
yet been identified as a core regulatory task, the Federal Grid Agency could use the energy law regu-
lation to call for tenders for DSM schemes to provide balancing capacity. However, these should be inte-
grated with targeted programmes to induce absolute electricity savings in all the demand segments
that are currently targeted, in the main, by EU-wide instruments such as the eco-design directive.

Another possible policy option for DSM that is currently being assessed, particularly for electricity
savings, would be to introduce energy efficiency obligations and/or white certificates.'? Under this
model, which has already been implemented in the UK and several other EU countries, energy
supply or distribution companies are obliged to promote and stimulate investment and other measures
in order to achieve verifiable energy savings for their customers (Bertoldi & Huld, 2004; Bertoldi &
Rezessy, 2009; Bertoldi et al., 2010).

2.4. Grid upgrading as a public service

Higher shares of fluctuating renewable generation from wind and solar will, in general, affect the
capacities of the grid, especially at strategic grid nodes. To optimize the interaction between the
location of production and grid resources, scarcity-based grid tariffs are discussed as a preferred instru-
ment. These tend to be effective when managing scarce resources but are subject to strong limitations
when it comes to the efficient expansion of infrastructure. The latter is, however, necessary to allow the
planned high share of RES. Therefore, the Federal Grid Agency has regarded the transformation of the
grid as a public service.' The grid is thus ‘only’ an enabler for markets to trade various electricity pro-
ducts, and scarcity-based grid tariffs are not regarded as an appropriate instrument.

To make the markets work, bottlenecks in the grid must be avoided; i.e. the grid’s capabilities must be
improved and, to some extent, overcapacities must be allowable (BNetzA, 2011a). This can be achieved
by an extension of the transport capacities of the long-distance high-voltage grid in order to avoid bot-
tlenecks and to enable electricity transport (mainly from northern sources to southern consumers).
This can be achieved by conventional solutions and include better management of existing capacities,
the extension of existing routes, e.g. by adding ropes or cables and by investment in new routes with
conventional high-voltage technology or with new high-voltage direct current transmission technol-
ogy (BNetzA, 2011b). The distance of new lines needed is, however, a matter of great debate. Studies
predict that between 500 km (Consentec, 2010) and 3600 km (dena, 2010) of new high-voltage lines
will be required in Germany by 2020.

The distribution grids, on the other hand, must be upgraded in order to better handle varying, and
partially reversed, electricity flows. The main way of achieving this is to make them ‘smart’, e.g. by
applying intelligent components and monitoring load flows (BNetzA, 2011b; Clastres, 2011).

The German Government (FRG, 2010) has identified grid improvements as a major challenge for
achieving a low-carbon electricity system in Germany. As part of the implementation of the energy
concept, a law to accelerate grid extension (NABEG, 2011) was passed and the Federal Grid Agency
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was entrusted with additional competencies relating to the planning process of electricity grids
(BNetzA, 2011b).

As a first step, BNetzA set up an ‘approved scenario framework’ that outlined the expected range of
RES capacity expansion over the next 10-20 years (until 2022 and 2032), regionally determined down
toacell level, and the overall electricity demand (BNetzA, 2011a). The scenario framework will result in
a binding federal grid requirement plan, to be revised annually. This procedure has formed the basis for
a newly introduced federal planning process of routes as well as concrete locations for new trans-
mission lines (BNetzA, 2011b).

3. Conclusions

Achieving a low-carbon electricity system is high on the German political agenda. In autumn 2010 the
government decided on a low-carbon plan through to 2050, while 2011 heralded a clear decision to
pursue this pathway almost exclusively through the use of RES generation (and electricity savings).
Despite still facing major transitional challenges, this strategy can build upon the strong dynamics
of RES expansion in the German market that have been created mainly by the supporting system in
place since 1991. Consequently, Germany currently faces four main regulatory tasks.

First, the efficiency of the already very effective regulation for the expansion of RES capacities must
be improved to achieve an expansion pathway that is better adapted to the overall electricity system’s
needs with regards to the temporal and spatial harmonization of RES production. Most influential for
this change will be the provisions of the Renewable Energy Law, which regulates the FIT rates and other
incentives for RES capacity expansion. The provisions have already been amended, by setting an
overall ceiling to (FIT-induced) photovoltaic (PV) capacity in Germany and by differentiating wind
FIT rates according to onshore and offshore origin. The latter can be seen as a first step towards a
more large-scale regional discrimination of FIT rates. Distribution system operators should develop
models such as flexible ‘smart’ contracts for an optimized steering of capacities on regional-level
mechanisms.

Second, a market-oriented non-discriminatory supply of balancing capacities of all types needs to be
managed, including decentralized generation, demand-side options, and storage. Investment into
additional capacities should be stimulated as and where required. The vision developed and submitted
by the regulator is to create regional ‘cells’, comparable to platforms in the telecommunications sector,
to form and provide marketplaces. The incentives from these will provoke decentralized balancing of
supply and demand. Large-scale balancing capacities will, can, and should be provided by the tender-
ing process already in place, but could be expanded to include DSM options.

Third, effective policy and regulation for DSM and electricity savings (negawatts) should be
implemented. The German Government, however, still lacks a clear strategy and has not yet been
fully integrated into the Federal Grid Agency’s regulatory portfolio. The main option for implementing
policy and regulation in this case is the tendering procedure for balancing capacity, which could be
used to call for tender for DSM programmes and ideally would be combined with electricity savings pro-
grammes for all demand segments or the introduction of white certificates.

Fourth, the grid capability must be improved to make it an enabler of the aspired change instead of a
potential bottleneck. This is probably the most urgent task requiring action. Significant investment
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into new high-voltage long-distance lines must be made by the TSOs (Transport System Operators), and
the distribution grids must become ‘smart’. With respect to additional transport capacities, an acceler-
ated planning procedure with respective powers — mainly for the Federal Grid Agency — has already
been put in place and the first steps in the process have already been taken. The main issue now is
how to sensibly plan and implement the necessary investments to achieve acceptance of the corridors,
which is a prerequisite for the successful and faster expansion of grids relative to recent years.

There is an urgent need to balance the existing electricity network, which is currently in a critical
condition given the rapidly increasing share provided by RES and the reduced capacity of conventional
power. Thus, policies that both accelerate grid expansion and direct RES expansion in a way more in
line with Germany’s overall system needs should be put in place immediately and used effectively in
the coming months and years. A targeted mobilization of balancing capacities, including DSM, can
provide support very quickly and may be needed to avoid friction in the short and medium term. Elec-
tricity savings are a significant and cost-efficient strategy for low-carbon electricity. However, exploit-
ing them is more of a long-term task, although one that has some potential in mitigating short-term
challenges.

Whether these strategies will deliver the desired effect on neighbouring electricity markets remains
an open question. With its growing RES share, Germany will increasingly offer low- or zero (marginal)-
cost green electricity on neighbouring countries’ markets. Owing to the liberalized market regime in
the EU, this electricity has the potential to outcompete both base-load oriented fossil power plants
with CCS and nuclear options and will, therefore, affect their economic performance (restricted by
the amount of trans-border capacity, of course). Production from these base-load LCEGTs will have
to be reduced or even switched off more frequently in times of high RES production or, if they continue
constant production, they will face times of negative revenues. This potential for conflict is already rel-
evant but will grow in importance over the coming 5 to 10 years. This indicates the need for EU-wide
coordination, at least at the level of direct neighbourhoods.

Overall, Germany seems poised to follow the renewables path to a low-carbon electricity system.
Regulation to stimulate the necessary generation investment is already in place and operating effec-
tively. The critical challenge is now to steer system integration from the current levels of 20% RES elec-
tricity to the expected 40-50% by 2020 and beyond.

Notes

1. See Bundesregierung (2010). See also Nagl et al. (2011), who describe the scenario analysis that they carried out
as a basis for the Government’s decision.

2. For more details on Germany’s nuclear policy before and after Fukushima, see e.g. Wittneben (2011), Jahn and
Korolczuk (2012), or Bosman (2012).

3. 13th Act to amend the Atomic Energy Act.

4. According to several studies German RES-potentials from on- and offshore wind, solar and biomass are suffi-
cient to achieve 100% RES electricity generation from domestic sources (see e.g. Nagl et al., 2011; SRU, 2010).

5. This assumption is supported by the heavy and successful campaign that PV manufacturers ran in spring 2012
against additional cuts of the guaranteed FITs under the Renewable Energy Law.

6. ‘Efficient’ means in this context: ‘investment into’ renewable ‘generation at sites where it is most valuable and
least expensive for society’ (adapted from Vogel, 2009, p. 3666). We do not aim here at a discussion about the
preference for any RES technology. Existing regulations were originally drafted to support a range of
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technologies to enable technology development and a mix of generation options. How this regulatory system
will evolve is a different topic.

7. In general, contributions from sources with zero marginal cost already have priority access because of European
competition law. The guarantee of priority access in the German Renewable Energy Law is only a confirmation.

8. For a brief description of the principles of the Renewable Energy Law see e.g. Langnif3, Dieckmann, and Lehr,
(2009, 1290f).

9. See Note 8.

10. See e.g. Fouquet (2012, 3f) who sketches a picture of intelligent and distributed systems based on zero net
energy consuming households as an important step to phase in renewable energies.

11. As mandated by the Energy Law (§53 EnWG).

12. ‘Zudem wird die Bundesregierung priifen, ob 2015 eine haushaltsunabhédngige Losung (z.B. weifle Zertifikate)
eingefiihrt werden kann’ (Bundesregierung, 2011), which can be translated as ‘Additionally, the German
Federal Government will check, if in 2015 a solution without budget impact (e.g. white certificates) could be
introduced’.

13. In order to establish additional long-distance electricity transport capacity, the model of a state-owned grid
company has also been discussed. This could be formed from the existing state-owned nationwide trans-
mission grid of German Rail (DB Netz). This option, however, does not currently seem to be actively promoted.
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