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Executive Summary

Germany has been one of the frontrunners in climate and renewable policy since the mid-
1980s. In the context of its energy transition (the Energiewende) it aims at reducing its
greenhouse gas emissions by at least 80-95% by 2050 (compared to 1990 levels) and to
achieve a share of renewable energies in gross electricity consumption of at least 80% by
2050. A large number of instruments as well as additional and accompanying targets are in
place to contribute to this envisioned decarbonisation of Germany’s energy system through
the development of renewable energy sources, power grids and energy efficiency. One
important aspect in this regard is that there is a wide societal support for the energy transition
towards renewables.

This report focuses on electricity only and starts with a brief introduction of the German
electricity regime. It finds that the share of gross electricity generation from renewable
energies has increased from 3.6% in 1990 to 22.8% in 2012. Taking a closer look at this
rising trend in renewable electricity generation it can be noted that it was initially driven by
wind and biomass, with PV expanding rapidly since 2009. However, despite these strong
growth trends in renewables and a corresponding reduction in the CO, emissions from
electricity generation between 2007 and 2009, this decarbonisation trend has been reverted
since 2010 with once again rising CO, emissions. Electricity consumption has risen by 15%
from 1990 to 2011, but it has started to stabilize from 2007/08 onwards, but in the longer
electricity consumption is expected to rise again, for example due to the envisaged
electrification of transport.

In its main part the report provides an overview of the developments in eight selected niche
innovations. On the supply-side these are onshore wind, offshore wind, bioenergy, and solar
PV. On the demand-side they include smart meters, CFL and LED lighting, vehicle-to-grid
and power-to-gas. For each of these niches, the report takes stock of the most relevant
techno-economic, socio-cognitive and ‘governance and policy’ developments that occurred
over the past ten years.

Based on these comprehensive overviews the report provides a comparative assessment of the
momentum in the selected eight niches. The highest momentum is found for onshore wind,
followed by energy-efficient lighting, solar PV, and offshore wind. Niches with a rather low
momentum are bioenergy, smart meters, power-to-gas and vehicle-to-grid. That is, the
examined niches exhibit quite different degrees of momentum, spanning from high to low.

Finally, the report closes with the assessment that most of the analyzed supply side niches in
the German electricity domain (all but offshore wind) are associated with broader regime
transformation (pathway B). In contrast, all of the demand side niches currently focus on
technical component substitution (pathway A), although both smart meters and vehicle-to-
grid hold the potential to also contribute to wider system changes.
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1. Introduction

Karoline S. Rogge

The socio-technical system for electricity is an integrated system which needs to
instantaneously balance supply and demand of electricity, with electricity storage facilities,
such as pumped-storage hydropower plants, import and export as well as demand-side
management acting as limited buffers. Given the multiple uses of electricity as well as
competition for inputs (fuel, land) the system partly overlaps with the other empirical
domains, particularly heat and transport, but also land-use and biodiversity. The sector is seen
as crucial for decarbonisation efforts as it is responsible for a large share of the overall
emissions.

a) Production

In the past, the production of electricity — an extremely homogenous product — has been
dominated by large-scale, centralized installations. Competition mainly occurs based on costs
and in some markets additionally on the reliability and flexibility of supply. Figure 1 shows
the development of the fuel mix of electricity production from 1990 to 2012, with main
trends being the reduction of the share of nuclear power generation since the Fukushima
Daiichi incident in 2011 and the associated nuclear plant shut down, the low and relatively
constant share of gas, the great reliance on lignite and hard coal with only slowly decreasing
shares, and the continuously rising share of renewables. Regarding the latter, the share of
renewables gross electricity generation has increased from 3.6% in 1990 to 22.8% in 2012
(BMWi, 2014i, Fig. 4.5).



Figure 1: Development of gross electricity generation by energy carriers
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Source: BMWi, 2014i, Fig. 4.5 (own translation)

Taking a closer look at this rising trend in renewable electricity generation (see Figure 2), it
can be noted that it was initially driven by wind and biomass, with PV expanding rapidly
since 20009.

Figure 2: Development of renewable electricity generation in Germany by technologies
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Source: BMWi, 2014i, Fig. 6.5 (own translation)



A similar picture arises in terms of capacity, which has increased from 131 GW in 2005 to
167 GW in 2011. Of this, capacities in wind and PV make up 15% of the overall capacity in
2005 and 32% in 2011, and have risen from 201 GW in 2005 to 53 GW in 2011, i.e. more
than doubling within 6 years, as illustrated by Figure 3.

Figure 3: Installed power generation capacities in Germany in 2005 and 2011
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Despite these strong growth trends in renewables and a corresponding reduction in the CO;
emissions from electricity generation between 2007 and 2009, this decarbonisation trend has
been reverted since 2010 with once again rising CO, emissions, as can be seen in Figure 4.

Figure 4: CO, emissions in German electricity generation (in Mio t)
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This has been coined the “paradoxon of the Energiewende” (see Figure 5): while renewables
almost fully substitute for the reduced electricity generation by nuclear power plants, gas has
been displaced by lignite and hard coal, owing, among others, to low CO, prices and
decreased hard coal prices on the world market.

Figure 5: Change in German electricity generation and consumption between 2010 and 2013
(in TWh)
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Source: Agora Energiewende, 2013a, p. 9

In addition, it should be noted that the share of combined heat and power (CHP) in net
electricity generation in Germany has steadily risen from 13.5% in 2003 to 17.3% in 2012
(BMWi, 2014i, table 7.1).

While four big utilities (E.On, RWE, Vattenfall, EnBW) play a key role in the German
electricity regime, dominating especially the field of large-scale conventional power plants
(BMWi, 2014i, Fig. 7.6), in total there are approximately 300 smaller electricity generators as
well (BDEW, 2014).

In terms of renewable electricity generation, Figure 6 shows that investments in renewables
in Germany mainly stem from new actors, while incumbent power generators hold only
12.9% of installed capacity (but the big four even less with ca. 5%). Also, over a third of
installed capacity is owned by private households.



Figure 6: Ownership shares of installed renewable capacity in Germany (EEG 2012)
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b) Transmission infrastructure

The national grid is — due to liberalization and unbundling efforts — now owned by four
companies which cover four regions of Germany: TenneT, a dutch owned company (north-
to-south, including grid expansion responsibilities for offshore wind in North Sea), 50 Hertz
(east, including grid expansion responsibilities for offshore wind in Baltic Sea), Amprion
(west), TransnetBW (south-west).

There are also cross-border connections to other countries for electricity imports and exports
(AT, CH, CZ, DK, FR, LU, NL, PL, SE) with exports exceeding imports (apart from 2002),
even after the immediate shut-down of 8 nuclear power plants after the Fukushima incident in
2011 (BMWi, 2014i, Fig. 8.7). Given the rising share of renewables with their intermittent
nature, it is widely agreed that the national grid needs to be significantly expanded, implying
a large infrastructure investment need — with key planned activities shown in Figure 7
(according to BBPIG) and Figure 8 (according to EnLAG).



Figure 7: Planned grid expansion activities Figure 8: Planned grid expansion activities

according to the national needs assessment — the according to the “Energieleitungsausbaugesetz”
“Bundesbedarfsplan” (BBPIG)

Source: BMWi, 2014i, Fig. 8.8 Source: BMWi, 2014h, p. 10
Accordingly, over the past years investments into the expansion of electricity grids have

risen, with the biggest share carried by local/regional distribution system operators (see
Figure 9).
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Figure 9: Investments into new and extended electricity grids, and maintenance and renewals
of existing grids in Germany (own translation)
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c) User practises and consumption

Electricity consumption is a core enabler of modern life and in Germany has risen by 15%
from 1990 to 2011. However, it has started to stabilize from 2007/08 onwards, levelling off at
around 530 TWh in 2013 (see Figure 10) — and is predicted to increase again in the long-term
(see Figure 12), with one key driver being the electrification of transport.
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Figure 10: Electricity consumption in Germany by sector
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While industry constitutes the sector with the largest share in electricity used, in this project
we focus our attention to domestic use of electricity which has risen by 19% from 1990 to
2011, but also shows signs of stabilization from 2011 onwards at around 138 TWh (AGEB,
2014, p. 30, table 13) or 12 Mtoe (Fraunhofer ISI 2014 for Odyssee-MURE). As can be seen
from Figure 11, the largest growth and biggest share of electricity consumption by
households is associated with electrical appliances.
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Figure 11: Electricity consumption of households by use (in Mtoe)
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For the longer-term, in ambitious scenarios electricity use by households is predicted to
decrease by 19% between 2008 and 2030 (see Figure 12), with the biggest projected
percentage decrease in lighting (-72%), while ICT as third wave of household electrification
is assumed to stabilize at 2015 levels (Rohde, 2012). In contrast, future electricity use by
other sectors may increase, partly because of the electrification of transport (electric vehicles)
and heat (e.g. electric heat pumps). The diffusion of these can at least partially be seen as
decarbonisation efforts (see Figure 12). The shift to electricity as energy carrier allows the
reduction of fossil fuels in other sectors and can lead to a reduction in emissions, if a major

share of the electricity is generated from renewable sources.

Figure 12: Past and projected net electricity consumption for Germany (1991-2050)
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d) Cultural meaning and debate

Germany has an influential anti-nuclear movement and has seen some strong resistance
against new build coal-fired power plants and plans for carbon-capture and storage. In
contrast, there is a wide societal support for the energy transition towards renewables.
According to figures of the BDEW energy monitor, almost 90% of Germans consider the
energy transition as very important or important (unchanged from previous years), even
despite rising costs of feed-in tariffs for renewables (see Figure 13). This overwhelming
public support for the energy transition can be illustrated by the fact that only some 40%
think that progress is fast enough (BDEW, 2013, 2014), while over 50% of participants think
the expansion of renewables is too slow.

Figure 13: Development of the cost of Renewable Energy Act for households (in
€cents/kWh)

Source: Www.netztransparenz.de

Finally, the image of electricity generation companies has declined over time, reaching its
low point in 2006-08 with negative images worse than the nuclear industry (BDEW, 2013, p.
13), putting the big incumbents under significant pressure.

e) Governance and policy

Germany has been one of the frontrunners in climate and renewable policy since the mid-
1980s and has a complex policy mix in place (Laes et al. 2014, Bruns et al. 2009), as depicted
for the expansion of renewable energy in Figure 14. *

! A detailed overview is provided by the German ministry in a map of laws which includes both

strategies and laws, acts, directives, and reports for different energy carriers and also differentiates between
European and German elements of the policy mix for the whole energy system BMWi (2014f).
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Figure 14: Evolution of the policy mix for renewables in Germany
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Policy strategy (upper part of Figure 14):

In September 2010 Germany adopted its Energy Concept outlining its energy policy until
2050 and foreseen instruments to achieve a decarbonisation of its energy system through the
development of renewable energy sources, power grids and energy efficiency. At the same
time it ratified its National Renewable Energy Action Plan (NREAP) to the EU specifying
targets for the expansion of renewables in Germany (BMU, 2010). Following the Fukushima
incident in March 2011, the Merkel government shut down eight nuclear power plants and
returned to the much supported permanent nuclear power phase-out. Therefore, on June 6,
2011 an energy package was adopted to supplement the measures of the energy concept.
Table 1 summarizes the medium- and long-term targets of the Germany energy transition and
how far Germany has come so far in reaching them.

Table 1: Status quo and quantitative targets of the German Energiewende

Table 1: Status quo and quantitative Energiowende targets

2050
Category i b8 2012 2020 2030 2040 2050
Greenhouse gas emissions
Greenhouse gas emissions -15.6% -24.7% at least at least at least at least
{compared to 1980} -40% -55% -70% -BO0% to -85%
Renewabile energies
Share in gross electricity consumption 204% 215% at least at least at least at least
5% 50% 65% BD%
(2025: [2035:
40 to 45%) 55 to 609}
Share in gross final energy consumption 1L5% 124% 18% 0% 45% 60%
Efficiency
Primary energy consumption -54% -4 3% -2 -5
{compared to 2008)
Gross electricity consumption -1E% -la% -l -25%
{compared to 2008)
Share of electricity generation from com- 17.0% 17.3% 5%
binad heat and power plants
Final energy productivity 1.7% per 1.1% per 2.1% per
annum annum annum
[2008-2011) (2008-2012) (2008-2050]
Buildings
Primary energy requirement - - - anound -B0%
Heat requirement - - -20% -
Rate of modernisation approx. 1% approx. 1% doubling of levels to 2% per annum
Transpart
Final energy consurmption -0.7% -16% -1 -4

{compared to 2005)

Mumber of electric vehicles 6,547 10,078 1 million & millicn -

Source: BMWi, 2014h, p. 4

Instrument mix (lower part of Figure 14):

Germany’s core climate policy instrument — as in other European Member States — is the EU
emissions trading system (EU ETS) introduced in 2005 and now in its third trading phase.
However, due to a lack of political commitment to tighten the stringency of the emissions

16



cap, EUA prices (in Euro / t CO.e) have stabilized at around 5 Euros — a level too low to
seriously incentivize low-carbon investments.

On the other hand, the core renewables policy instrument in Germany is the German
Renewable Energy Act (EEG) with its technology specific feed-in tariffs which was
originally implemented in 2000 and changed in subsequent amendments, as summarized in
Figure 15. As of August 1, 2014 the so called EEG 2.0 is strongly driven by cost-efficiency
concerns and thus expands the concept of so-called “breathing lids” from PV to now also
wind and biomass which specify the desired amount of yearly expansions and introduces
automatic reductions in feed-in tariffs if the target is surpassed (PV: 2.5 GW/a (gross),
onshore wind: 2.5 GW/a (net), biomass (100 MW/a)). Only offshore wind has a fixed overall
— rather than yearly — target of 6.5 GW until 2020 and 15 GW until 2030. In addition, it
enhances the system integration of renewables.

Figure 15: Evolution of the German Renewable Energy Act (EEG) with key changes
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Source: Own summary based on EEG 2000, 2004, 2009, 2014

Finally, in terms of energy innovation policy, Germany has increased its R&D funding since
2002, and has significantly upscaled them even further from 2009 onwards, as illustrated in
Figure 16. The dominance of money invested in nuclear in the nineties has been replaced by a
more balanced portfolio with equally large shares being invested in renewables and nuclear in
2012. One perhaps particularly notable development is the increase in spending on energy
efficiency research since 2009, after a long phase of neglection prior to that.
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Figure 16: Expenditures (in real 2000 figures) for federally funded energy research
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2. Case selection of green niche-innovations

2.1. Logic for selecting Germany and the UK in the electricity domain
For the electricity domain Germany and the UK were selected as case study countries, with

the main reasons being (see also the partner report on UK, Geels et al. 2015):

1. Both countries have ambitious decarbonisation plans for their electricity system,
albeit with different technological preferences: Germany is phasing-out nuclear and
instead building on renewables and energy efficiency, while the UK pursues new
nuclear power plants and shale gas and focuses its renewable efforts on offshore wind.

2. Germany is a successful pioneer in implementing new renewables (e.g. wind,
photovoltaics, biogas), which amount to 22.7% of electricity generation in 2012. In
contrast, the UK is a relative laggard (11% in 2012), but with both countries having
shown high ambitions.

3. German renewable electricity is mainly generated by relative outsiders/newcomers
(e.g. farmers, cooperatives, households), whereas in the UK it is dominated by the
incumbent “Big Six” utilities.

2.2. Selection of green niche-innovations in the German electricity domain
Based on a brief assessment of the current and future growth and wider impacts of various

green niche-innovations in the electricity domain (for this, see section 2.2 in the partner
report on UK by Geels et al., 2015), we selected to study the following niches for the German
electricity domain.

On the supply-side (electricity generation):

Onshore wind (see Chapter 3.1)
Offshore wind (see Chapter 3.2)
Bioenergy (see Chapter 3.3)
Solar PV (see Chapter 3.4)

PophdPRE

On the demand-side:
5. Smart meters (see Chapter 3.5)
6. CFL and LED lighting (see Chapter 3.6)
7. Vehicle-to-grid (see Chapter 3.7)
8. Power-to-gas (see Chapter 3.8)

The first six represent the core of the analysis, as they were assessed as niches with the
highest growth and greatest expected impacts and as they have also been analysed for the UK
(Geels et al., 2015).
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3. Analysis of momentum of eight green niche innovations

3.1. Analysis of Onshore Wind

Marian Klobasa, Paul Boedeker, Mario Ragwitz and Karoline S. Rogge

3.1.1.Innovation and market trajectory (techno-economic)

Since the first wind farm in Germany (constructed 1987), horizontal-axis, three-blade upwind
turbines dominated the market. These were scaled up substantially (average capacity per unit
rose from 45kW in 1987 to 2.4MW in 2012, (DEWI, 2010, 2013). Yearly capacity additions
peaked in 2002 (Figure 17). By then, Germany’s 12GW of installed capacity represented
39% of all global installations (Valentine, 2014). Afterwards the development slowed down,
driven by sharp rises in critical input material prices (steel prices almost doubled from 2002
to 2004, copper prices doubled from 2003 to 2004, (Valentine, 2014) and the economic crisis
subsequent to 2007. After 2010 yearly capacity additions have increased again significantly,
substantially driven by repowering. The wind share on Germany’s gross electricity
production amounted to 9% in 2013 (BMWi, 2014e).

Figure 17: Yearly installed and accumulated installed onshore wind capacity development
incl. Repowering and Dismantling in Germany
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On the cost side there was a decreasing trend. Specific prices of wind turbines decreased from
almost 150 to 60 €cents/kWh? between 1991 and 2012, implying a reduction of 60% in total,
i.e. a learning rate yielding an average of 4.2% cost reduction per year (Figure 18). While
turbine prices decreased particularly in the 90s (mostly driven by incremental innovations,
Bruns et al., 2009), in the 2000s there is a stagnation observable (driven by factors such as
high costs in regard to development of turbines in the MW range, rises in input factor prices,
rising global demand for wind turbines). Since 2010 the decreasing trend continues. These
price reductions on the global level translate into falling levelized cost of electricity in
Germany (LCOE), see also Figure 19. Further future cost decreases are expected (Kost et al.,
2013).

Figure 18: Experience curve of onshore wind turbines in Germany (global wind turbine
prices as ratio of the German annual electricity yield of wind power)
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Source: own research, based on Bloomberg New Energy Finance, 2012; BMU, 2013

3.1.2. Actors and social networks (socio-cognitive)

Fuelled by the 1986 Chernobyl disaster, there was a strong green movement against nuclear
energy. Among the actors (see Table 2), the farming sector played a particular role for the
technology’s adoption. Though heavily subsidized, the sector was shrinking and dairy
farmers saw wind technology as a possible source of new revenues. Due to the farmers’
strong position in local policy, wind projects got approved quickly. Small associations for
planning and financing of projects were formed, backed by renewable-supporting
parliamentarians (Michaelowa, 2005). The local interest groups grew and institutionalized.
Today, large branch organisations promote renewables in general, e.g. the German
Renewable Energy Federation (BEE), or single technologies, e.g. the German Wind Energy
Association (BWE, Ohlhorst, 2009). Early alliances between different interest groups were
key to the vast expansion of wind energy (see Figure 17). An example of joint initiative of

% This figure is calculated based on global wind turbine prices as ratio of the German average annual electricity
yield of wind power.
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environmental groups, renewables associations, farmers, manufacturers and trade unions is
the tailwind movement (Aktion Riickenwind) of 1997 which campaigned for further political
support for renewables (Bruns, 2008).

Table 2: Key actors in the field of onshore wind energy

Important actors Activities

Government

e Federal Ministry for the Environment
(BMU)

e Federal Ministry for Economic Affairs
and Energy (BMWi)

e Federal Ministry of Education and
Research (BMBF)

o Federal state governments

Founded in 1986 this ministry was responsible for the
promotion of renewable energy deployment from 2002
(when the responsibility for renewables was moved from the
economic to the environmental ministry under the red-green
government) until 2013 (when the responsibility for the
energy transition was merged within the economics
ministry)

Ministry responsible for the economy which in 2014
regained responsibility for energy from the BMU

Provision of RD&D subsidies for basic research (together
with BMU and BMWi for applied research)

Important actors in relation to state-specific regulations and
support, e.g. the Greens in Hesse and North Rhine-
Westphalia (pro) or the Christian Democrats (CDU) in
Baden-Wuerttemberg (contra)

Supply & Demand

e Manufacturers: e.g. Enercon (founded
in 1984), Fuhrlander AG (founded in
1960, first 30kW turbine 1991,
insolvency in 2013), AN Windenergie
(founded in 1984 as ,AN
Maschinenbau und
Umweltschutzanlagen GmbH”, taken
over by Siemens in 2005), Tacke
(founded in 1990, now GE), Siemens,
REpower (founded in 2001), Nordex
(founded in 1985, since 1992
production in Germany),many small-
scale specialist manufacturers

e Citizens/communities
farmers)

(particularly

Innovative sector, increasingly relevant for employment and
exports (ca. 47% of revenue from exports, according to
sample of 58 firms surveyed by Fraunhofer IS1 2014.)

Main investor group (individually or in limited
partnerships): ca. US$30 billion of private investment tied
up in wind energy projects (Valentine, 2014)

Financial organizations

e German Bank for Reconstruction and
Development (KfW)

Provision of loans at reduced rates for investment in
renewables, energy efficiency and general environmental
measures
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Knowledge institutes and networks

e Renewable Energy Research
Association (FVEE, formerly Solar
Energy Research Association, FVS)

e Institute for Solar Energy Supply
Technology (ISET, now IWES)

e ForWind, Center for Wind Energy
Research (affiliated to the Universities
of Oldenburg, Hannover and Bremen)

e Stuttgart Wind Energy (SWE) at the
University of Stuttgart

¢ Fraunhofer Institute for Wind Energy
and Energy System Technology
(IWES)

Germany-wide cooperation of relevant knowledge institutes;
founded in 1990

Since foundation also research on wind energy (e.g.

“Scientific Measure and Evaluation Program (WMEP)” in
the scope of 100/250MW program), founded in 1988

Fundamental
scientific  support
established in 2004

Research and teaching in the field of wind energy,
established in 2004

research
for

in wind energy, providing of
industrial projects, education,

Founded 2009 as merger of Fraunhofer Center for
Windenergy and Marine Technology (CWMT) and ISET,
focus on applied research in the field of wind energy and
energy system technology

Industry organizations

e German Wind Energy Association
(BWE)

e German Renewable Energy Federation
(BEE)

e German  Electricity = Association
(VDEW, now Federal Association of
the Energy and Water Industries,
BDEW), Association of the Industrial
Energy and Power Industry (VIK),
Association of German Network
Operators (VDN), Federal Association
of German Industry (BDI)

Industry association for project planners, manufacturers,
operators and other associates of wind energy, effectively
lobbying for wind power; founded in 1996 (merger of the
Wind Energy Association for Interior Lands — IWB, founded
in 1985 — and the German Society for Wind Energy —
DGW, founded in 1974)

Umbrella organization of the renewable energy sector in
Germany; founded in 1991

Related associations representing the major utilities and
grid operators (formerly integrated) and the German industry
(as final customers of electricity), typically contra wind
energy

NGOs

e Federal Association for Landscape
Protection (BLS)

e Rambling  clubs
WaldVerein, i.e.
Association, PWV)

(e.g.  Pfalzer-
Palatinate Forest

e Environmental groups (e.g. NABU,
Greenpeace)

Source: Own compilation

Anti-wind group; founded in 1995

Campaigning against wind energy, mainly due to concerns
about aesthetic impairment of rural landscapes

Typically campaigning against nuclear, pro renewables, but
also vigilant about landscape protection and issues such as
bird mortality
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Other actors are found on the supply side which supported wind deployment in the past:
German entrepreneurs like Aloys Wobben, Joachim Fuhrl&dnder or Franz Tacke founded first
wind turbine producing companies in the mid-80s and beginning of 90s. Since the middle of
the 2000s the established engineering industries like Siemens also moved into the wind
energy business, tackling the Danish producers (e.g. Vestas, Micon). Siemens established its
wind energy sector with buying the Danish manufacturer Bonus AS in 2000. The number of
jobs in the wind industry grew from less than 2,000 in 1991 to 53,200 in 2002 and 119,000 in
2013 (Bruns, 2008; O’Sullivan et al., 2014; Valentine, 2014).

Wind-critical actors are found on the side of the major utilities and grid operators, who feared
connection costs and technical challenges related to managing fluctuating power sources®. In
1998 the utilities PreussenElektra und Schleswag filed a lawsuit that the feed-in law
contravened EU state aid regulations (dismissed in 2001). Furthermore, there was some
industry opposition, particularly by the energy-intensive sector (fearing higher electricity
prices). General social acceptance can be considered as high: While in the early stages the
rather bottom up-type of approach (with little involvement of big utilities or large banks)
prevented a broader NIMBY (not-in-my-backyard) effect, in the second half of the 90s the
ever-larger projects started to raise some opposition (Michaelowa, 2005). In the 2000s,
protests coming from local environmental groups — fearing negative impact on landscape,
biodiversity, etc. and loosely coordination by the Federal Association for Landscape
Protection (BLS) —increased. As a consequence, support for less attractive locations was
reduced in 2004 (von Hammerstein; Bundesregierung, 2004). Also, improvements in site
planning and noise-dampening design of modern turbines and blades helped alleviating these
concerns. A 2011 survey demonstrated that two thirds of Germans are still in support of
increasing wind power deployment (Valentine, 2014). Big utilities have become more
involved in the more recent period, as evidenced by the establishment of own renewable
energy business units (e.g. EON Climate & Renewables in 2007, RWE innogy in 2008).

Since the development of wind energy was largely dependent on financial support, political
institutions were key agents (see Table 2). Besides the important role of the competent
federal ministries, the German parliament also plays a significant role in the development of
the German feed-in tariff (FIT) since active lobbying groups have organized substantial
support for the law across various parties. Among them, the Green party has been a
particularly active promoter of wind energy on the political stage. Another state-related actor
is the German Bank for Reconstruction and Development (KfW), as it provides loans at
reduced rates for investment in renewables. The federal state level also has a significant
impact on wind development by means of state-level support programs. For example, wind is
being promoted with particular emphasis in some northern German states. On the other hand
there are also state-level (construction) restraints, which some states used to hinder
deployment (e.g. Baden-Wirttemberg or Brandenburg, (Valentine, 2014).

® However, in some German federal states such as Saxony-Anhalt or Schleswig-Holstein wind contributes more
than 40% to total electricity consumption, thus constituting precedents undermining the technical argument
(\Valentine (2014)
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3.1.3. Governance and policy

The promotion of wind power in the 1980s was dominated by substantial R&D programs of
the Federal Ministry for Research and Technology, supplemented by demonstration projects.
An example is the GROWIAN project (1983-1987), which was soon considered a major
failure of the industrial-scale development support approach of the ministry (Mautz et al.,
2008).

In 1989 an initial market stimulation program was introduced calling for the installation of
first 100 and then 250 MW of wind power. It offered the choice between either investment
subsidies or a guaranteed fixed payment per kWh of electricity produced. This idea
constituted a turning point as for the first time support was not directed at developers and
manufacturers but at technology operators (Mautz et al., 2008). Thus, the 100/250 MW
program paved the way for banks lending to small operators as it gave some long-term
investment security (Michaelowa, 2005).

On top of the 250 MW program (effective until 1995), the Electricity Feed Law (EFL) was
introduced in 1991. It mandated that grid operators pay 90% of (average historical) electricity
retail prices as feed-in tariffs for electricity generated by certain Renewable Energy Sources
(RES) — including wind — and required electricity suppliers to accept the electricity fed into
the grid.

Although the EFL in its later stage had a cap to prevent very uneven burdens for regional grid
operators, this regulation had an asymmetric impact on the operating grid operators (since
wind turbines benefitting most under the EFL were concentrated in Northern Germany,
resulting in a slight competitive disadvantage for grid operators in the North). This was a
problem especially after electricity market liberalisation. Furthermore, the falling electricity
retail prices resulting from liberalisation led to lower feed-in prices for electricity from RES,
thus starting to undermine their economic basis. Lastly, due to its guaranteed price level, the
EFL did not provide cost reduction incentives (Michaelowa, 2005).

As a consequence, in 2000 — under the red-green coalition — the Renewable Energy Sources
Act (EEG) replaced the EFL. Under the EEG feed-in tariffs are no longer linked to electricity
retail prices, but fixed for 20 years. The cap on the share of electricity from RES was
abolished. The new act also encouraged wind deployment on sites of comparably inferior
wind quality (Valentine, 2014). In the following, wind development accelerated (e.g. more
than 3 GW installed only within one year in 2002).

As the FIT for some RES — such as onshore wind — include an annual degression mechanism
and the FIT level is revisited on a regular basis, policymakers support innovation and new
business models by slowly decreasing remuneration, thus forcing market participants to think
of new applications (see Figure 19): Following falling LCOE, the FIT for onshore wind was
decreased from 11.9 €cents/kWh in 1992 (EFL ) to 9.3 €Cents/kWh in 2011 (EEG), implying
a 22% reduction.

In the EEG’s last revision (2014) the remuneration for onshore wind was lowered, especially
for wind-rich sites. The new envisaged path for further expansion aims for yearly net
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additions of 2.4-2.6 GW (excluding repowering). When actual deployment is below or above
these targets, there is a breathing cap mechanism adjusting the degree of tariff degression in a
counteracting manner.

Besides the FIT as the main support instrument, policy makers in Germany regulate the
deployment of onshore wind using instruments like building obligations (such as the 1998
amendment of the Federal Building Act which sped up the wind power siting process).

Figure 19: Development of the FIT for onshore wind in Germany and trajectory of FIT,
LCOE, direct support and resulting margin*
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Source: left Figure: based on Breitschopf et al., 2014, right Figure: Boedeker and Rogge,
2014

* The given FIT refers to the average tariff for newly constructed turbines based on a modeling of a
representative turbine portfolio. The EEG’s average reference yield model is accounted for by calculating the
weighted average of initial and base tariff.
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3.2. Analysis of Offshore Wind

Karoline S. Rogge

3.2.1.Innovation and market trajectory (techno-economic)

German prototype development activities took off in the beginning of the 2000s by five
technology providers, of which the 5SMW turbines by Repower and Areva Multibrid were
tested in the demonstration project Alpha Ventus. Significant technologica