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Executive Summary
Germany has been one of the frontrunners in climate and renewable policy since the mid1980s. 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 CO2 emissions from
electricity generation between 2007 and 2009, this decarbonisation trend has been reverted
since 2010 with once again rising CO2 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-togrid 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).
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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 2009.
Figure 2: Development of renewable electricity generation in Germany by technologies
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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 CO2
emissions from electricity generation between 2007 and 2009, this decarbonisation trend has
been reverted since 2010 with once again rising CO2 emissions, as can be seen in Figure 4.
Figure 4: CO2 emissions in German electricity generation (in Mio t)

Source: Agora Energiewende, 2013a, p. 15
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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 CO2 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)

Nuclear
50

Renewables

Gas

Hard Coal &
Electricity
Export surplus consumption
Lignite

42.3

40
30

23.1
15.3

20
10
0

-10
-20
-19.3

-23.3

-30
-40
-50

-43.6

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.
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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 (northto-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 BBPlG) and Figure 8 (according to EnLAG).
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Figure 7: Planned grid expansion activities Figure 8: Planned grid expansion activities
according to the national needs assessment – the according to the “Energieleitungsausbaugesetz”
“Bundesbedarfsplan” (BBPlG)
(EnLAG)

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.
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Figure 12: Past and projected net electricity consumption for Germany (1991-2050)

Source: Own combination of data of statista, 2014 and DLR et al., 2010
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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 mid1980s 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. 1
F
0

1

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

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
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cap, EUA prices (in Euro / t CO2e) 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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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

Legend: light blue = energy efficiency, dark blue = hydrogen and fuel cells,
green = renewable energy, red = nuclear, brown = fossil
Source: BMWi, 2014i, p. 78
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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):
1.
2.
3.
4.

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

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

Source: Deutsche WindGuard, 2014
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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 2 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).
1F

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)

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
2

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 Rückenwind) 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
 Federal Ministry for the Environment
(BMU)

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)

 Federal Ministry for Economic Affairs
and Energy (BMWi)

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

 Federal Ministry of Education and
Research (BMBF)

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

 Federal state governments

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

Supply & Demand
 Manufacturers: e.g. Enercon (founded
in 1984), Fuhrländer 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 smallscale specialist manufacturers

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

 Citizens/communities
farmers)

(particularly

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

 German Bank for Reconstruction and
Development (KfW)

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

Financial organizations
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Knowledge institutes and networks
 Renewable
Energy
Research
Association (FVEE, formerly Solar
Energy Research Association, FVS)

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

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

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

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

Fundamental research in wind energy, providing of
scientific support for industrial projects, education,
established in 2004

 Stuttgart Wind Energy (SWE) at the
University of Stuttgart

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

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

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
 German Wind Energy Association
(BWE)

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)

 German Renewable Energy Federation
(BEE)

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

 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)

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
 Federal Association for Landscape
Protection (BLS)

Anti-wind group; founded in 1995

 Rambling
clubs
(e.g.
PfälzerWaldVerein, i.e. Palatinate Forest
Association, PWV)

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

 Environmental groups (e.g. NABU,
Greenpeace)

Typically campaigning against nuclear, pro renewables, but
also vigilant about landscape protection and issues such as
bird mortality

Source: Own compilation
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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 Fuhrländer 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 3. 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).
2F

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-Württemberg or Brandenburg, (Valentine, 2014).

3

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 4
F
3

Source: left Figure: based on Breitschopf et al., 2014, right Figure: Boedeker and Rogge,
2014

4

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 5MW turbines by Repower and Areva Multibrid were
tested in the demonstration project Alpha Ventus. Significant technological progress also
occurred in foundation concepts, construction vessels, noise-reducing ramming procedures,
O&M concepts, and high voltage direct current (HVDC) transmission technology as well as
harbour infrastructure. In the last 10 years, these various innovation activities have been
supported through 150 R&D projects with public funding of EUR 168 million (BMWi,
2014g).
Offshore wind in Germany is still at a relatively early stage of market development (BWE,
2014), with the first commercial wind park “Baltic I” having started operation in April 2011.
Together with two further commercial wind farms (BARD offshore 1 and Riffgat) these add
up to 628 MW of capacity in 2013 (Table 3). These parks generated 970 GWh of electricity
in 2013, which is only 0.6% of electricity supply of all renewables in Germany.
Table 3: Development of German capacity and electricity supply from offshore wind
2009

2010

2011

2012

2013

Installed capacity (in MW)

60

92

200

280

628*

Electricity Supply (in GWh)

38

174

568

722

970

< 0.1

0.2

0.5

0.5

0.6

(% of all renewables)

*903 MW if constructed but not yet grid-connected turbines are added
Source: Own compilation based on www.4coffshore.com and BMWi, 2014b

These figures show that the expansion of offshore wind in Germany has not proceeded as fast
as originally envisaged, and that even the recently reduced targets remain ambitious but
achievable, at least if looking at authorization figures (in Table 4).
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Table 4: German offshore wind targets and actual development (in MW)
Year
2006

set in 2002
500

2010
2011

Target
set in 2010

Installed

Under
construction

set in 2013
-

-

2,000

150

-

432

2012

-

2013
2014
2015

Authorized *

0

N.A.

4,853

-

92

N.A.

7,982

-

200

N.A.

8,884

792

-

280

N.A.

9,216

-

1,302
2,040
3,000

-

628
2,647
10,460
*includes projects under construction

2020

-

10,000

6,500

2030

25,000

25,000

15,000

Targets: Bundesregierung, 2002, 2009; CDU et al., 2013; Bundesregierung, 2014
Actual development: www.4coffshore.com, www.offshore-windenergie.net
Source: Updated from Goll and Rogge, 2013

With nine further wind parks being constructed capacity will more than triple in two years
time (BMWi, 2014g). Also, there are a large number of already approved projects in the
pipeline (Figure 20).
Figure 20: Development of offshore wind farm authorizations
Cumulated authorized capacity in
MW

288
60 5

318 332 328

4000
2000
0
2013

511

6000

2011

902

8000

2009

1244

1212

2007

1088

2005

1200

10000

2003

1548

12000

2001

Cumulated authorized capacity
in MW

1752

2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

Authorized capacity in MW

Authorized capacity in MW

Year

Year

Source: Updated from Goll and Rogge, 2013 based on data from www.4coffshore.com and
www.bsh.de

So far, costs had to be adjusted upwards for a number of reasons, among them an
underestimation of the marine challenge and belief offshore wind is comparable to onshore
28

wind (partly based on unrealistic contracts for early projects in Denmark), rising steel prices,
and an initial shortage of construction vessels and other infrastructure

When looking at the four German parks which are fully commissioned Table 5 shows that
their specific investment costs averages at 4,250 €/kW – if the outlier BARD offshore 1 is not
considered.

Table 5: Specific investment costs of fully commissioned offshore wind farms
Alpha Ventus

Baltic 1

BARD Offs 1

Riffgat

EWE, Vattenfall, E.on

EnBW*

BARD

EWE

Start of construction

8/2007

7/2009

3/2010

6/2012

Date of commission

4/2010

4/2011

9/2013

Q1/2014

Water depth [m]

28-30

16-19

40

18-23

56

16

101

15

North Sea

Baltic Sea

North Sea

North Sea

Repower 5M & Areva
Multibrid 5MW

Siemens
2.3MW-93

BARD 5MW

Siemens
3.6MW-120

Jackets, tripods

Monopiles

Tripiles

Monopiles

60

48.3

400

108

4,167 €/kW

4,140 €/kW

7,250 €/kW

4,444 €/kW

Operator

Distance to shore [km]
Location
Turbine type
Foundation
Capacity [MW]
Specific investment
[€/kW]

Source: Own compilation based on www.4coffshore.com and BWE, 2014
These high costs are well beyond onshore wind and just below PV (Figure 21), but a study by
Fichtner & Prognos (2013) found a significant cost reduction potential over the next 10 years
from 12.8-14.8 ct/kWh to 8.2-10ct/kWh – depending on water depth and distance to
coast/port (Figure 22).
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Figure 21: Development of electricity generation costs of PV, offshore and onshore wind
until 2050 (base year: 2012)

Source: Rohrig et al., 2013, p. 19

Figure 22: Levelized costs of electricty of offshore wind farms until 2023

Legend :

WD = Water depth; DtP = Distance to port

Source: Fichtner and Prognos, 2013

3.2.2. Actors and social networks (socio-cognitive)
Initially, offshore wind in Germany was driven by entrepreneurial activities by small onshore
wind project developers and a regional utility who sought partnerships with German onshore
turbine developers (Table 6). Their aspirations fit well with climate targets and were
30

embraced by the environment ministry (BMU). In contrast, big utilities were not involved in
early activities but have come on board later on, together with an initially reluctant
economics ministry (BMWi). 5
4F

Table 6: Key actors in offshore wind in Germany

Source: Own compilation

Some concerns arose about the impact of farms and cable routes on the marine environment,
particularly in the Wadden Sea (Goll and Rogge, 2013; Reichardt et al., 2014). This concern
was addressed by dynamic environmental standards (developed by BSH) and resolved by the
5

In 2012 one third of offshore wind capacities was owned by the big incumbents (see Figure 24).
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EEG amendment of 2004 which excludes parks located in nature protection areas from
receiving feed-in tariffs (Figure 23). In addition, monitoring platforms (FINO I-III) in the
Baltic and North Sea and research on the environmental impacts (e.g. RAVE at Alpha
Ventus) were funded.
Figure 23: Natura 2000 sites and offshore wind farms in the German EEZ, North Sea

1: Weiße Bank (cancelled), 2: Butendiek (authorized, 2002), 3: H2-20 (pending)
Source: Goll and Rogge, 2013 based on www.bfn.de/habitatmare/en/

In 2005, stakeholders founded the Offshore Wind Foundation which has ever since played a
crucial role for the further development of the niche. In addition, in 2012 the four regional
wind industry networks in Northern Germany founded the offshore wind industry alliance
(OWIA) to represent the interest of their 600 members.
Ownership of offshore wind capacities includes large utilities, regional and local municipal
utilities, project developers, and financial institutions (Figure 24).
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Figure 24: Shares of offshore wind capacities in MW in 2012 (operation & construction)
The four largest
German power
generators*
Municipal utilities and
local energy
providers**
Project developers***

20%
32%
19%
29%

Financial investors
and banks****

* E.ON, RWE, Vattenfall, EnBW, **SWM, Trianel, EWE, DONG, HSE + 52 municipal
utilities, *** Blackstone, Hypovereinsbank (UniCredi), **** Windreich, Windland, ENOVA,
various project developers
Source: BMU (2013), p. 15 (own translation)

Today, offshore wind in Germany has grown to an industry which covers the whole value
chain and is located throughout Germany – with a focus on Northern Germany (Figure 25),
on the manufacturing of plants and a strong reliance on the German market (pwc, 2012).
However, growth expectations were called into question by the so-called electricity price
brake discussion in January 2013 and political uncertainty around the amendment of the EEG
in 2014, and are slowly recovering.
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Figure 25: Regional distribution of offshore wind market participants in Germany
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Source: Rispens, 2014

Today, there are two key threats to offshore wind: one arises from its comparatively high
costs and corresponding feed-in tariffs, particularly as evidenced by its expected future
impact on EEG-costs (Figure 26). The other one is caused by severe delays in grid access for
offshore wind parks, thereby hindering investment decisions and leading to additional costs.
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Figure 26: Development of total feed-in compensation for each renewable electricity
generation technology in Germany (2003-2013)

Source: r2b (2013), p. 96 (own translation)

3.2.3. Governance and policy
In Germany, three ministries share responsibilities for offshore wind (see Table 6): the
ministries of the environment, economics and transport. Together, they have contributed to
the development of a comprehensive instrument mix (Figure 27), while the Federal Maritime
and Hydrographic Agency (BSH) with its cooperative and solution-oriented policy style
developed high standards to reconcile different marine interests and ensure the protection of
the marine environment (see Figure 28).
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Figure 27: Timeline of the policy mix relevant for offshore wind

Source: Updated based on Goll and Rogge, 2013
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Figure 28: Timeline of implementation measures for offshore wind

Source: Updated based on Goll and Rogge, 2013
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In 2002 the red-green government approved a German Offshore Wind Strategy which set the
target of 25-30 GW offshore wind capacity by 2030 and also included provisions to safeguard
the marine environment so as to reconcile climate and biodiversity objectives
(Bundesregierung, 2002). Within the Energy concept (BMWi and BMU, 2010) this long-term
target was reconfirmed and supplemented with an intermediary target of 10 GW by 2020. In
2013 the 2020 target was reduced to 6.5 GW and the 2030 target to 15 GW (CDU et al.,
2013; Bundesregierung, 2014) – with important reasons being cost considerations, an
optimization of the expansion speed to balance technological learning and supply chain
development, but also delays in grid access. Offshore wind is by now also mainstreamed into
the National Masterplan Maritime Technologies (NMMT) adopted in August 2011.
The core policy instrument for offshore wind is the Renewable Energy Act (EEG) introduced
in 2000. As can be seen in Table 7 tariffs for offshore wind have been specified in 2004 and
adjusted upwards at the subsequent regular amendments. Further, tariffs contain a locationspecific bonus on their duration (since 2004) 6, foresee measures to incentivize early
construction (sprinter bonus of 2009) and an alternative payment scheme to reduce capital
costs of loans (compression rule of 2012). In addition, the KfW Offshore Program was set up
in 2011 to address financing bottlenecks by granting loans.
5F

Table 7: Development of the EEG feed-in tariff for offshore wind
base tariff
Cent/kWh

initial tariff
Cent/kWh

Min.
duration

degression

period of
validity

EEG 2000

*6.19

*9.10

5 years

1.5% start in 2002

-

EEG 2004

6.19

9.10

12 years

2%, start in 2008

-

EEG 2009

3.50
3.50

15.00**
13.00

12 years
12 years

5%, start in 2015
5%, start in 2015

before 2016
after 2016

EEG 2012

3.50

***19.00

***8 years

7%, start in 2018

before 2018

3.50

15.00

12 years

-

3.90

***19.40

***8 years

3.90

15.40

12 years

7%, start in 2018
-0.5 cent in 2018
-1.0 cent in 2020
-0.5 cent / year starting in 2021

EEG 2014

before 2020

-

*Onshore tariff, ** so called “sprinter bonus”, *** so called “compression rule”
Source: Updated from Goll and Rogge, 2013 based on EEG 2000/04/09/12/14)
The most important systemic instrument concerns regulations governing grid access which
are laid down in the Energy Industry Act (EnIndAct) and were changed several times. The
amendment in January 2013 was of particular importance, due to a so called system change,
including provisions regulating the liability for delayed offshore grid connections.

6

These provisions to extend the duration of granting the initial tariff depending on park location recognize the
greater costs at far-shore deep-water locations: any park > 12 nautical miles from shore receives additional 0.5
months for each full additional nautical mile and any park > 20 meters of water depth receives additional 1.7
months for each additional meter, thereby.
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In terms of technology push instruments the catalyst for the niche was the demonstration
project Alpha Ventus which received 30 Mio Euro of public support – relative to total costs
of 250 Mio Euro (DOTI, 2012). Germany provides public RD&D support through its Energy
Research Program, while on a EU level innovators can apply for R&D funding within the
European Energy Programme for Recovery (EEPR) and the New Entrants‘ Reserve (NER
300).
Finally, offshore wind is affected by policy instruments in place in the area of nature
conservation, most prominently by the nomination of protected areas in the Baltic and North
Sea to implement the EU Flora-Fauna-Habitats-Directive (FFH-Directive) and the EU
Birds-Directive.
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3.3. Analysis of Bioenergy
Jonas Lehmann and Karoline S. Rogge

The use of bioenergy – i.e. all energy from organic matter – is an important pillar of the
German Energy Transition. Its key advantage is that production can be adapted to demand
and its energy can be stored (Reise et al., 2012). However, the term “bioenergy” is rather
ambiguous, as it comprises several technology applications. 7 Following the German Agency
for Renewable Resources (FNR) and the Working Group on Renewable Energy Statistics
(AGEE-Stat) we distinguish between five different categories of bioenergy for the generation
of electricity:
6F

Table 8: Overview of bioenergy categories
Category

Process of electricity generation

Substrates used

Installed Capacity
in MW (2013)

Share on Bioenergy electricity
generation (2013)

biogas 1)

Fermentation of substrates to
biogas. Electricity generation by
burning the gas

renewable resources,
manure, remnants and
biogenic waste

3,750

58%

solid biomass 2)

Combustion of bioenergy carriers
within mostly incineration or
cogeneration plants

mostly wood, renewable
resources

2,057

27%

biogenic fraction of waste

Burning waste in incineration plants
biogenic fraction of waste 3)
to generate electricity

1,746

11%

landfill and sewage gas

Burning the generated biogas to
produce electricity

landfill gas, sewage gas

350

4%

liquid biofuels

Generating electricity by burning
biofuels gained from renewable
resources

mainly vegetable oil
(rapeseed oil, soya oil)

250

1%

1) incl. electricity from biogas upgrading plants and biomethane CHP plants
2) from 2013 on including electricity generation from sewadge sludge
3) biogenic fraction of waste in waste incineration plants is statistically defined 50%; from 2008 on only municipal waste

Source: Own illustration based on data by Fachagentur Nachwachsende Rohstoffe e.V., 2014,
BMWi, 2014a, AGEE-Stat, 2014 and DBFZ, 2014

3.3.1. Innovation and market trajectory (techno-economic)
Bioenergy evolved from initial pioneering projects in the 1970’s and 80’s (Bruns et al., 2011)
to Germany’s second largest renewable electricity segment after wind energy, producing 47,9
TWh in 2013 (Fachagentur Nachwachsende Rohstoffe e.V., 2014). While until 1990 the
momentum for bioenergy was limited – mainly due to the non-existence of a network for
research and missing economic incentives for farmers to invest in bioenergy technologies –
the ten year period thereafter was characterized by increased investments and research
“Bioenergy” comprises “biopower” (electricity or heat generation from biomass resources through
combustion, co-firing or anaerobic digestion), “biofuels” (liquid or gaseous fuels produced from biomass to be
used for transportation or to produce electricity) and “biobased products“ (e.g. materials & chemicals made from
renewable resources) (US Department of Energy (2014)). In the context of this work, we define “bioenergy”
only as electricity generation technologies from “bio-power” and “biofuels”.
7
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programs. In the wake of the Renewable Energy Sources Act (EEG) of 2000 in combination
with investment grants, the total installed capacity doubled until 2004 (see Figure 29). With
the EEG amendment in 2004, economic incentives were raised, leading to a boom in the
building of bioenergy plants from 2004-2006 in all categories. In 2007, high substrate and
crude oil prices notably increased operating costs of biogas combined heat and power (CHP)
plants (with dual fuel engines). At the same time, the number of biofuel CHP plants expanded
due to low import prices of vegetable oil. As remunerations for electricity generation from
liquid biofuels were shortened, partly due to sustainability concerns, and biofuel prices were
rising, biofuels were facing a steady decline since 2007 and are only playing a minor role
today. In 2009, biogas overtook biomass plants in installed power capacity. Following the
EEG amendment of 2009 and falling substrate prices, investments picked up again and the
years 2009-2011 define the phase with the biggest increases in capacity and plant numbers of
biogas. However, in 2012 and 2013 the number of newly installed biogas plants dropped
following the 2012 amendment of the EEG (Bruns et al., 2011).
Figure 29: Development of total installed capacity per bioenergy category (1990-2013)

Source: BMWi, 2014a, AGEE-Stat, 2014
While from 2000 to 2009 the installed capacity of solid biomass plants increased by around
1.5 GW mainly due to large-scale plants >5MWel, in recent years only about 200 MW were
installed, with the focus being on small- and medium-sized plants (<1 MWel) (DBFZ, 2014;
AGEE-Stat, 2014). Similar to biomass, the majority of newly installed biogas plants have
small installed capacity <0.5 MWel, which benefit from a higher feed-in tariff. Nonetheless,
the average biogas plant size increased from 290 kWel by the end of 2007 (Bruns et al.,
2011) to 451 kWel in 2013 (FVB, 2014).
Regarding biofuel plants there has been a declining trend: as of 2012 more than half of the
biofuel CHP-plants changed their fuels (to fuel oil, wood gas or biomethane), are currently
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not in use or even shut down or were dismantled (DBFZ, 2014). Reasons for this decline
include that from 2007 onwards the public support for electricity from biofuels was falling
and requirements for operating a biofuel plant became stricter. Finally, in 2012 financial
support for new plants was totally cancelled.
Figure 30: Development of annual patent applications and public RD&D budgets regarding
bioenergy in Germany (1990-2013)

Source: Own illustration based on IEA, 2014 and own patent research in PATSTAT, 2014
Regarding research and development we find that bioenergy patent applications in Germany
started accelerating in 2004, which is coinciding with the rise of annual RD&D budgets for
bioenergy technologies (see Figure 30).

Figure 31: Expected development of LCOE for biogas and biomass until 2030

Source: Held et al., 2014
The specific investment and operation & maintenance costs of current bioenergy technologies
do not show significant further cost reduction potential (Held et al., 2014)). This expert
judgment assumes, on the one hand, that technical progress of these mature technologies is
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limited, and, on the other hand, that substrate costs, which represent a large part of the
levelized costs, are not expected to decrease. Following this, the LCOE for bioenergy
technologies is expected to stay at a constant level (see Figure 31). However, in the long run
new bioenergy technologies, such as atmospheric biomass gasification and pyrolysis or biohydrogen, could arrive at a commercial stage, which could bring down costs further (IRENA
2012).

3.3.2. Actors and social networks (socio-cognitive)
From the early phase of the biogas development onwards the main actors were farmers, as
they can provide the necessary area and the steady inflow of substrates, such as manure. In
contrast, biomass plants have a more diverse ownership, including industrial owners, energy
suppliers of different sizes and project developers (KNI, 2011). Table 9 provides an overview
of key actors and their role for bioenergy in Germany.

Table 9: Key actors in the German bioenergy niche
Type of actors

Government

Key actors
• Federal Ministry for the Environment, Nature
Conservation, Building and Nuclear Safety (BMUB)
• Federal Ministry of Food and Agriculture (BMEL)
• Federal Ministry for Economic Affairs and Energy (BMWi)
• Agency for Renewable Resources (FNR)

Role
• From 2004 to 2013 responsible for the German Energy Transition

• Farmers
• Project developers
• Industry
• Regional and other energy suppliers*
Financial
• WestLB
Organisations • Deutsche Bank

• Coordination of the bioenergy development in Germany
• Coordination of the German Energy Transition from 2014 onwards
• Coordination of the development of renewable resources
Owners share of installed capacity in 2010:
• >70% of biogas plants
• ca. 13% of biogas plants
• >40% of biomass plants
• each ca. 12% of biomass plants
WestLB and Deutsche Bank: the two most important financiers of
bioenergy producers among German banks

Knowledge
Institutes

Research and Development about the environmental friendly use of
bioenergy technologies

Ownership

• German Biogas Research Center (DBFZ)
• Competence Center for Renewable Resources (KoNaRo)

• German Biogas Association
• Biogas Union Association
Industry
• Biogasrat+ Association
Organizations
• German Farmers Federation (DBV)
• Federal Bioenergy Association

• Representation of small scale biogas plant owners
• Representation of large scale biogas plant owners
• Represantation of companies covering the whole supply chain
• Biomass & Farmer's representation
• Bioenergy lobby

NGOs

Opposition of extensive bioenergy usage

• Nature and Biodiversity Conservation Union (NABU)

*regional energy suppliers: utilities with an installed capacity >400 MWel and headquarter in Germany
other energy suppliers: utilities with an installed capacity <400 MWel and headquarter in Germany

Source: Own compilation based on (van Gelder, 2009; KNI, 2011) and own research

In 2013, most of the biogas plants and their installed capacity were located in the southern
and western parts of Germany (see Table 10). Biogas plants in the German federal states from
the former German Democratic Republic (GDR) had the highest average plant size in 2013,
which can be traced back to the large-scale agricultural operations left over by the GDR
agriculture structure.
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Table 10: Distribution of biogas plants and capacities in the German Federal states in 2013
(excluding city-states)
Rank
1
2
3

Number of biogas plants in use

Aggregated installed
capacity (MWel)

Bavaria
2,330

Lower Saxony
783

Lower Saxony
1,480
Baden-Württemberg
858

Bavaria
774
Schleswig-Holstein
305

others 3,179

1,667

total 7,847

3,529

Average installed plant
capacity (kWel)
Mecklenburg WesternPomerania
697
Brandenburg
600
Saxony Anhalt
568

451

Source: Own illustration based on data by FVB, 2014

The strategy to invest in bioenergy can be traced back to falling prices for crop (from 1999
onwards) which in 2001/02 were lower than the value of grains for fuel, thus making farmers
consider the possibility of burning grain to generate power (mostly heat). Because of ethic
concerns regarding the energy generation from grains, controversy in public debates grew
(Brüggemann, 2001), with negative consequences for the image of bioenergy (Bruns et al.,
2011). In 2007, a period of high corn prices led to the “food or fuel” discussion, in which
bioenergy was made partly responsible for the global food crisis, as cultivating bioenergy
crops would take too many agricultural areas and thus inflate food prices (Bruns et al., 2011).
Indeed, the extensive cultivating of energy crops in Germany led to rising land lease prices
(Reise et al., 2012; Emmann et al., 2013), which together with the limitation of cultivable
land, make the bioenergy sector face external conflicts with food agriculture, but also internal
conflicts between biomass and biofuel farmers. In 2013, energy crops covered more than 2
million hectares of agricultural land, representing 12.6% of the agricultural acreage in
Germany (FNR, 2013). Conservation organizations such as Nature and Biodiversity
Conservation Union (NABU) oppose this share, as it would lead to the loss of ecological
diversity and “maizification“ of the landscape (Bruns et al., 2011).

3.3.3. Governance and policy
From the beginnings of the biomass and biogas development in the 1970s and 80s, the
Department of Food and Agriculture (BMEL) made an effort to support bioenergy through
research programs (see Figure 30 for public RD&D support for bioenergy). One important
reason for this was that supporting a strong bioenergy sector was seen as a strategy to
contribute to ensuring the survival of farmers and other agricultural businesses. The Federal
Ministry for Environment, Nature Conservation and Nuclear Safety (BMU) on the other hand
had big interest in bioenergy to attain the climate protection targets. Given these overlapping
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and synergetic policy objectives, in 2004 the BMEL and the BMU formed an alliance to
achieve an amendment of the core instrument supporting the diffusion of renewable power
generation technologies – the EEG – against the opposing Federal Ministry of Economics
(BMWi) and conventional energy suppliers.
Within this EEG amendment of 2004 basic tariffs, various bonuses for the use of CHP,
renewable resources and innovative technology were determined, making bio-energy more
attractive and thereby contributing to the acceleration of bioenergy development.
As the government wanted to support decentralized electricity generation instead of largescale bioenergy plants, the EEG amendment in 2009 further increased the feed-in-tariffs for
small and medium-sized plants (Bruns et al., 2011).
The EEG amendment in 2012 cancelled most of the technological bonuses and made the use
of CHP-technology obligatory, which contributed to a slowing down of the diffusion of
bioenergy (LWK Niedersachsen, 2012).
The introduction of an annual cap of 100 MWel for bioenergy in the EEG 2.0 of 2014 will
further limit future growth rates. However, within this small corridor demand-orientated
electricity production from bioenergy is still supported through feed-in tariffs, and especially
via a flexibility bonus and direct marketing (BMWi, 2014c). The governments’ reasoning
behind this reduction of the momentum of bioenergy was that it is more expensive compared
to wind and solar power, has low expected learning and so far did not deliver the aspired
flexibility. However, it is very dispatchable and thus is expected to continue to play a
balancing part in the future.
Apart from R&D support and the EEG with its various amendments the bioenergy sector was
influenced and bounded by other policy strategies and instruments originating from the
agricultural as well as from the energy and economics policy fields – both on a national and
EU-Level. An overview of this complex policy mix for bioenergy is provided in Figure 32
and the different elements are further described in Table 11.
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Figure 32: Timeline for the policy mix relevant for bioenergy

Source: Own illustration (adopted from Rogge and Reichardt, 2013)
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Table 11: Description of different elements of the policy mix for bioenergy
Name / abbreviation

Time

Description

Policy strategy
EU Directive 2001/77/EC

09/2001

Directive to promote the electricity produced from renewable energy sources in the electricity
market
Strategy for sustainable development from the Federal Government, including energy and
climate protection as one of the major area of activities

Federal Government's
Sustainability Strategy

04/2002

EU Directive 2003/30/EC

05/2003

Directive with the aim to promote the use of biofuels or other renewable fuels for transport

EU Gas Directive (Directive
2003/55/EC)

06/2003

EU Gas Directive grants every gas supplier access to the gas grid and thus improved
conditions for the injection of biogas

EU Biomass Action Plan

12/2005

Integrated Energy and Climate
Program (IEKP)

08/2007

Biomass Action Plan as a stimulus to develop concepts at the national level for the increased
utilization of biomass for energy production
The IEKP included the approvals of various legislative projects and legislative amendment
projects (e. g. the EEG revision), with the aim to reduce CO2 emissions down to around
around 34% by 2020. (Integriertes Energie- und Klimapaket)
The SET-Plan aims to accelerate the innovation in low carbon energy technologies by
enhancing the coordination between national and European research activities
The EU’s so called 20/20/20 Targets include targets for energy consumption from renewable
sources and reduction of GHG emissions by 2020
The EU directive on the promotion of the use of energy from renewable sources (RESDirective), amending and subsequently repealing Directives 2001/77/EC and 2003/30/EC,
requires each member state to adopt a national renewable energy action plan (NREAP)
The Biomass Action Plan on national level was expected to implement the EU's strategic
goals for the greater development of bioenergy
The NREAPs are to set out member states’ national targets for the share of energy from
renewable sources in 2020 and adequate measures to achieve these targets. Each NREAP
includes specific targets for each renewable energy source
The German Energy Concept sets several targets such as increasing the share of renewable
energy and reducing GHG emissions by 2020
The Energy Roadmap 2050 sets ambitious targets for GHG emission reduction in the EU
beyond the 2020 targets

Strategic Energy Technology Plan 11/2007
(SET-Plan)
20/20/20 Targets
11/2008
EU Directive 2009/28/EC for the
Support of Renewable Energies

04/2009

National Biomass Action Plan

06/2009

National renewable energy action 08/2010
plan (NREAP)
Energy Concept

09/2010

Energy Roadmap 2050

12/2011

Instrument Mix
Energy Industry Act

1935

Energy Research Program

1974

Electricity Feed-in Act (StrEG)

1991 2000
1991 1998

Semi-liquid manure utilization
program
100 Million Programm

Amendments inter alia 2005 and 2008. The 2005 amendment provided a special regulation
for the injection of biogas into the gas grid: if there is any free capacity, biogas is to be given
priority in the local distribution network level
The German Energy Research Program funds, among other technologies, R&D projects for
bioenergy
StrEG (Stromeinspeisungsgesetz) determines the duty of public utilities to take electricity
from renewable energies and to remunerate it. Amendments in 1994 and 1998
The "Programm Gülleverwertung" was a research program for environmentally friendly
processing and utilization of semi-liquid manure

1994 1999
1996

Launched by the Federal Research Ministry, the "100 million program" subsidized facilities
using renewable energies through investment grants
This program supports research and pilot projects for the cultivation and use of renewable
resources. Amendment in 2001 (Förderprogramm Nachwachsende Rohstoffe)

German Renewable Energy Act
(EEG)

04/2000

The EEG contains feed-in tariffs for electricity from renewable sources. It replaced the
Electricity Feed-In Act (StrEG) from 1990 and is the key instrument of the Energiewende. Each
amendment included changes for bioenergy. Amendments in 2004, 2009, 2012, 2014

Biomass Ordinance

06/2001

CHP Act (KWKG)
04/2002
European Reform of the Common 06/2003
Agricultural Policy (CAP Reform)
Gas Network Access Ordinance
07/2005
(GasNZV)

Determines for the EEG, which substances are defined as biomass, which technical
processes for the electricity generation are allowed and which environmental requirements
have to be fulfilled (Biomasseverordnung - BiomasseV)
Ordinance for the increased use of CHP (Kraft-Wärme-Kopplungsgesetz)
The CAP reform changed the support mechanisms of the common agriculture sector to an
area-determined payment scheme
Via the improved conditions for those injecting gas into the grid, new gas-markets were
expected to be exploited (Gasnetzzugangsverordnung)

Gas Network Tariffs Ordinance
(GasNEV)

07/2005

The GasNEV provided the legal framework for the injection of gas into the gas grid
(Gasnetzentgeldverordnung)

Renewable Energies Heat Act
(EEWärmeG)
Biomass Electricity Sustainability
Ordinance (BioSt-NachV)

01/2009

Biofuels Sustainabiltiy Ordinance
(Biokraft-Nachv)

11/2009

The EEWärmeG aims to advance renewable energies in heating and cooling for energetic
building automation. 2012 amendment added "heat and cooling"
The Biomass Electricity Sustainability Ordinance was introduced to ensure the sustainable
production of electricity and heat from liquid biofuels (BiomassestromNachhaltigkeitsverordnung)
The Biofuels sustainability Ordinance was defined to guarantee the sustainability

Renewable Resources research
program

08/2009

requirements on biofuels (Biokraftstoff-Nachhaltigkeitsverordnung)

Source: Own elaboration
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3.4. Analysis of Solar PV
Paul Boedeker, Martin Pudlik, Mario Ragwitz and Karoline S. Rogge

3.4.1. Innovation and market trajectory (techno-economic)
While the first observation of the photovoltaic effect dates back to 1839 (APS, 2009), the
silicon (Si)-based photovoltaic cell was invented in the US Bell Labs in 1954 (Chapin et al.,
1954; Dunford et al., 2013). Apart from special applications (space) or minor ones (watches)
it took until the 70s (oil crises, ecological awareness) for the technology’s development to
pick up pace. Until 1984 practically all relevant design principles were known (the dominant
design, monocrystalline Si-cells, as well as the thin-film technologies a-Si, CdTe, and CIS)
(Bruns et al., 2009; Dunford et al., 2013).
In Germany, however, it took until the first demand pull instruments were implemented in the
early 90s to stimulate some first deployment. Since then the capacity installed has reached
nearly 36 GW in 2013, making solar PV the most widely deployed renewable power
generation technology (RPGT) in Germany, slightly ahead of onshore wind (34 GW), while
bioenergy accounts for 8 GW in terms of installed capacity (Figure 33). However, due to vast
differences in kWh/kW ratio among the technologies, in terms of power generation PV (30
TWh/5% of gross generation in 2013) is still behind onshore wind (52.4 TWh/8%) and
bioenergy (47.9 TWh/8%, see Figure 34). One main driver of this rapid PV diffusion was the
feed-in tariff (FIT), another the decreasing levelized cost of electricity (LCOE, see Figure
35).

Figure 33: Development of installed capacities in Germany 1990-2013 and 2013 shares8

Source: based on (BMU, 2013; BMWi, 2014e)
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Figure 34: Development of renewables-based electricity generation in Germany 1990-2013
and share on generation from renewables in 2013 8
7F

Source: based on BMU, 2013; BMWi, 2014e

LCOE fell from well above 1 €/kWh until mid-90s to 13 €cents/kWh in 2012, making PV
more and more competitive (see Figure 35). In 2006 the theoretical margin of FIT minus
LCOE became positive for the first time. Cost reductions were driven by economies of scale
and strong technology learning. For example, improvements in wafer thickness (from 330μm
in 2003 to 180μm in 2008/09) reduced polysilicon use by about 45% and the adoption of
string ribbon technology helped cutting waste (reductions of 30%-35%). Furthermore, cell
efficiency could be enhanced from 14% in 2002 to 18% by 2008/09 (Dunford et al., 2013). In
the last decade, these developments were driven to a large extent by cost pressure deriving
from FIT reductions (see Figure 35) and Chinese-Asian competition (Grau et al., 2012).
Further cost reductions are expected (Kost et al., 2013; Roland Berger Strategy Consultants
and Prognos AG, 2010).

8

2013: preliminary values
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Figure 35: Trajectory of FIT, LCOE and resulting margin

Source: Boedeker and Rogge, 2014

Regarding global cell production, China overtook Germany and Japan in 2007, becoming the
world’s biggest manufacturer by far (see Figure 36). Since Chinese production used to be
export-oriented (de la Tour, Arnaud et al., 2011), Germany remained the largest market.
However, in 2013 China topped Germany also in terms of newly-installed PV capacity
(Dunford et al., 2013; Eco-Business, 2014). While in 2006 Germany’s share on all global PV
capacities installed was over 40%, the rapid emergence of new markets – particularly in Asia
(China) – make Germany’s share decrease since 2010. Cumulatively, Germany still accounts
for most global PV installation by 2013 (Figure 37).
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Figure 36: PV industry production by region 2000-2013

Source: Kovach-Hebling, 2014

Figure 37: World cumulative installed PV share in % (development until 2011, 2013 shares)

Source: Left Figure: Chowdhury et al., 2014, right Figure: Kovach-Hebling, 2014

3.4.2. Actors and social networks (socio-cognitive)
In the technology’s early phase (1970-1985) Germany’s big industry players (e.g. AEG and
Siemens) were central actors for PV, but their hope of a quick marketability of the technology
initially remained unfulfilled. In the mid-80s and early 90s pressure on policymakers
increased because of the soaring opposition to nuclear power – stimulated by the 1986
Chernobyl disaster and the 1992 report by the parliamentary Enquête Commission on
Preventive Measures to Protect the Earth's Atmosphere (Enquete-Kommission "Schutz der
Erdatmosphäre", 1992). In addition, in the second half of the 80s pro-renewables civil
movements institutionalized in associations such as the Solar Promotion Association and
EUROSOLAR. Also, in 1990 the Solar Energy Research Association was founded by
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industry (see Table 12). These developments contributed to the increase of public R&D
support as well as initial demand pull programs, and encouraged the first generation of
German PV firms to expand (e.g. Siemens and ASE bought US firms in 1990 and 1994, thus
acquiring state-of-the-art PV technology (Jacobsson et al., 2002)).
On the operator side, private households played a dominant role with the first grid-connected
roof-top PV modules installed around 1985 (Bruns et al., 2009). The modular PV technology
allowed for decentralized production of clean electricity, thus resulting in social recognition.
Often regional first movers took the role of change agents, adding to the technology’s
diffusion (e.g. in residential areas).
The further progression of PV was facilitated by rising social awareness of the greenhouse
effect and the international climate mitigation process as well as EU market liberalization and
continuing support for renewables.
Table 12: Key actors in the field of PV
Important actors

Activities

Government
 Federal Ministry for the Environment
(BMU)

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)

 Federal Ministry for Economic Affairs
and Energy (BMWi)

Ministry responsible for the economy which in 2014
regained responsibility for energy from the BMU, including
renewable and thus PV

 Federal Ministry of Education and
Research (BMBF)

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

Companies
 first-generation PV firms (e.g. AEG
and Siemens)

Industrial R&D in early stages of technology (70s till mid80s), then stagnation of involvement

 second-generation PV firms (e.g.
Solar World, Q-Cells or Schott Solar)

Market upswing in the 2000s spawned new generation of
solar firms, consolidation since 2013

Investors
 private households or communities

Largest investor group, thus high acceptance

Financial organizations
 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
 Fraunhofer Institute for Solar Energy
Systems (ISE)

Largest institute for applied solar energy research in Europe,
generating innovations in the field of inverters and highefficiency solar cells, among others; founded in 1981

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

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

Industry organizations
 German Renewable Energy Federation
(BEE)

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

 German Solar Industry Association
(BSW-Solar)

Interest group of the German solar energy industry, founded
in 2006

 German
Electricity
Association
(VDEW), General Association of
German Electrical and Information
TechnologyTrade
(ZVEH),
Association of Municipal Enterprises
(VKU), Association of the Industrial
Energy and Power Industry (VIK),
Association of German Network
Operators (VDN), Federal Association
of German Industry (BDI)

Related associations representing, the (mainly communal)
enterprises, the installers and electricians, the major utilities,
the grid operators and the general German industry (as final
customers of electricity)

NGOs
 EUROSOLAR

Campaign for political support for renewables on the
international, national, regional and local levels; based in
Bonn, Germany, founded in 1988

 Solar Promotion Association (SFV)

Campaign for political support for renewables, originator of
the cost-covering compensation (Aachen model, first applied
in 1994 and taken into account for drafting the EEG);
founded in 1986

 Environmental groups (e.g. NABU,
Greenpeace)

Campaigning against nuclear, pro renewables, preference of
roof-top over utility-scale PV due to reasons of landscape
protection

 German Solar Energy Society (DGS)

Consumer protection in the field of renewables and energy
efficiency and lobbying for renewables; founded in 1975

Source: Own compilation

From the EEG-2004 onwards a new PV economy gained influence (represented by new
players such as Solar World or Schott Solar) and developed stronger networks. Industrialized
mass production and professional diffusion strategies were established. PV employment
numbers rose from 2,500 in 1999 to 6,500 in 2003 and 48,000 in 2008, making the PV sector
increasingly relevant for industry policy. In the same time yearly production capacity was
expanded from 6 to 100 to 1,400 MWp. The sector’s revenue amounted to 7 billion Euros in
2008 (Bruns et al., 2009).
The social acceptance of PV can be considered as relatively high. Compared to wind energy
which needs a dedicated area to operate and emits various emissions (noise, light reflection,
line of sight obstruction), PV tends to have a lower impact. For example, the prevailing
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decentralized roof top installations need no further land use changes. Only in relation to
protection of historical buildings some opposition has been raised (Bruns et al., 2009). Utility
scale PV (installations on open land) has a more significant impact as it is in competition to
other land use types (e.g. agriculture). This is one reason why – although being more costefficient – in 2010 its deployment got restricted to conversion areas, which cannot be used for
other purposes (Mautz et al., 2008; Bruns et al., 2009). 9
8F

However, in light of the rapid (much faster than anticipated) diffusion of solar PV in the mid2000s (see Figure 34) the burden by the EEG levy (which is rolled over to final electricity
costumers) rose drastically (0.58 to 5.28 €Cents/kWh from 2004 to 2013), which started to
undermine its legitimacy after 2009. On top of that the domestic industry was increasingly
faced with competition from Chinese module manufacturers. Accusation of distortive
industry support against the Chinese government led to institutionally mediated trade disputes
on the EU level which were settled in 2013 (Grau et al., 2012; Klein et al., 2013), thereby
further decreasing the legitimacy of domestic deployment support through a high FIT level.
Additionally, due to the requirement to accept electricity fed into the grid from renewable
sources (priority rule in the EEG) and the fluctuating nature of solar energy there are
concerns about system and market integration problems, leading to phenomenona such as
negative electricity prices (which affects also neighboring, grid-connected countries) or the
50.2 Hertz issue (which required retrofitting some PV systems in the framework of the 2012
System Stability Act). As a consequence, there have been a number of political containment
efforts since 2009 and particularly since 2012. The result is a heavy decline in capacity
additions – from record 7.6 GW in 2012 to 3.3 GW in 2013 and only 818 MW in the first five
months of 2014, i.e. a 45% decline compared to the same period of the previous year (IWR,
2014). Consequently, manufacturers are struggling and a consolidation started since 2013.
However, German PV manufacturing firms produce not only for the domestic but also for the
world market: Between 2000 and 2010 exports expanded from $524 million to $8,097 million
(de la Tour, Arnaud et al., 2011) and today’s share of exports on revenues is ca. 40%
(according to a sample of 144 manufacturing firms surveyed by the Fraunhofer ISI in 2014).
The established value chain includes various actors – starting locally/regionally with the
investors (mainly households or communities) and local installers and going up to the
manufacturers and manufacturing plant engineering. Also there are new industry hopes in
regard to the combination of solar PV and storage (e.g. batteries) and load management
innovations. Overall, the PV sector in Germany is characterized by high visibility, and a
plurality of actors involved (Bruns et al., 2009).

9

However, in the course of switching to a tendering system, the future of site requirements is currently under
discussion.
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3.4.3. Governance and policy
In the early phase policy support mainly concentrated on research and demonstration (e.g. the
300 kWp plant on North sea island Pellworm, built 1983 as the world’s largest of its time).
The first market creation program was the 1,000 roof top program (1990-1992) granting 70%
investment support. This was necessary as the technology-unspecific incentives by the
Electricity Feed Law (EFL, 1991-1999) were by far not sufficient for the still very costly PV
technology (see Figure 35). Thus, the time until to the introduction of a new federal 100,000
roof top program (which granted subsidised loans) in 1999 could only be bridged by private
commitment and initiatives on the local (and federal state) level: Ca. 40 communities adapted
the “Aachen model” of cost-covering compensation. These bottom-up demonstrations of
feasibility (Mautz et al., 2008; Truffer, 2013) were an important precondition to the EEG
introduced under the red-green coalition in 2000. The law provided for the first time reliable
long-term support conditions and, particularly with the 2004 amendment, led to the
breakthrough of PV deployment in Germany (see Figure 33). During the early phase of the
EEG the main strategy was to increase the deployment of solar PV.
After it reached a multi-GW scale, an automatic FIT degression mechanism – depending on
the rate of deployment – was implemented (so called ‘breathing cap’), mainly with the aim of
reducing the cost burden on electricity consumers. However, in 2012 – when capacity
additions (and thus the EEG levy) had outpaced targets by far (7.5 GW instead of the planned
2.5-3.5 GW in 2011) – the federal government intervened and announced severe reductions
in support level: FIT levels were cut by up to 30 percent, the payback on electricity produced
was limited and a self-consumption bonus eliminated (RenewableEnergyWorld, 2012). The
new strategy focuses on smoothing further PV deployment and developing business models
and policy instruments to increase market integration.
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3.5. Analysis of Smart Meters
Nele Friedrichsen and Marian Klobasa

3.5.1. Innovation and market trajectory (techno-economic)
First developments and field tests of smart meters were implemented already in the mid-90s.
These were driven by integrated resource planning concepts (IRP) considering both supply
side and demand side options with the aim of minimizing the total cost of the electric power
system. Cost-recovery of these concepts was ensured due to electricity tariffs being
calculated on a cost-plus basis. However, with the liberalisation of the electricity market in
Germany electricity prices fell, leading first movers to stop already implemented demand side
management because cost effectiveness was not given anymore.
Activity increased again in 2006, when EU regulation under the EU 2020 targets aimed for a
roll-out of smart meters to improve energy efficiency. In Germany the roll-out of smart
meters was one measure in the integrated climate and energy package of the national
government (IEKP). This policy strategy document led to intensified activity of the metering
industry, which developed smart meters to a commercial stage. The roll-out and a diffusion of
smart meters has not been realized so far as uncertainties related to privacy and data
protection issues have postponed all activities (BET, 2009). A security profile has been
notified by the EU in 2013 and is now awaiting approval by the German parliament and
council (BSI, 2014).
Major design elements of smart meters evolved over the last ten years, with the focus shifting
from energy efficiency to system integration. The favoured design differentiates between
cheaper smart meter (without bidirectional communication) and more expensive intelligent
metering systems (with bidirectional communication). The latter aims for customers with
higher electricity demand where larger efficiency gains could compensate the higher costs.
Modularity ensures that a smart meter can be upgraded to an intelligent metering system by
combing it with a communication module.
Several pilot projects for smart meters were realized from 2007 to 2010 (see Table 13 for key
information on selected demonstration projects), followed by publicly supported
demonstration projects in six model regions in 2008-2012, referred to as “internet of energy”.
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With the update of the German Energy Law from 2011, § 21c EnWG, the installation of
intelligent metering systems became mandatory for three cases (if technically and
economically justifiable):
1. buildings newly connected to the electricity grid,
2. annual consumption above 6,000 kWh
3. newly installed renewable generators supported under the feed-in tariff or CHPinstallations (both above 7kW)
Table 13: Smart Metering demonstration projects in Germany

Project start
Project status

M unicipal Utility
Haßfurth

P ilo t pro ject o f
the Rheinenergie
in Co lo gne

„ M ühlheim zählt“
(M ühlheim is
co unting)

Smart meter
pro gramme in
B avaria

P ilo t pro jects o f
the municipal
utility Düsseldo rf

Smart M etering
M ärkisches
Viertel

2007

2007

2008

2008

2008

2010

2008

2010

co mpleted

co mpleted

co mpleted

co mpleted

co mpleted

co mpleted

co mpleted

co mpleted

Vattenfall Euro pe
New M etering

Fraunho fer ISE

M VV Energie A G

GESOB A U
(ho using
co mpany)

Responsible
Party

Stadtwerke
Haßfurth
(municipal utility)

Rhein Energie A G

RWE A G

E.ON B ayern

Stadtwerke
Düsseldo rf
(municiapl utilityy)

Participants

EVB Energy
So lutio ns

SA P A G, Cuculus
GmbH

Siemens, M iele,
Stadtwerke
Krefeld, P ro Syst

E.On M etering

Landis+Gyr

Focus
no. of smart
meters

M o del pro ject
“ M o dellstadt
M annheim”
(M o del city
M annheim)

Large scale ro llo ut o f smart
meter (>10.000
ho useho ld
custo mers)

~10 000

M etering
Smart meter, multisystems,
utility
co mmunicatio n
co mmunicatio n
techno lo gy,
techno lo gies,
feedback
visualizatio n o f
instruments, lo ad
demand
shifting

30 000

100 000

Smart meter,
co mmunicatio ns
techno lo gies,
feedback
instruments

Smart metering,
feedback
instruments

10 000

~1000

Support

Intellieko n

M unicipal utilities DREWA G (utility),
(M ünster,
IB M Germany,
Schwerte, Ulm)
PPC

M etering
Smart M eter,
systems, smart
large scale ro llgrid, dynamic
o ut, visualisatio n Smart meter, time tariffs, demand
techno lo gy, o nline variable tariffs, side management,
applicatio ns,
feedback
electro nic market,
acceptance
instruments
business mo dels

10 000

~2 000

~1200

public funding
(FONA -so cio eco lo gic
research: B M B F)

public funding
(e-energy: B M Wi
and B M U)

So urces: Ernst & Yo ung, 2013 p.34, (translatio n by the autho rs), o wn research

Most smart meters have been installed either in case 1 (new connections) or 2 (consumption
above 6,000 kWh). However, in relative terms only 3.2% of consumers with consumption
above 6,000 kWh/a have a smart meter while more than 40% of new connections and 17.1%
of required newly installed renewable generators (case 3) do have one (Bundesnetzagentur,
2013). The weak implementation may have been caused by the lacking security profile until
2013. It will be interesting to see how diffusion changes with increased certainty on technical
requirements.
Based on the above mentioned current roll-out requirements Ernst & Young, 2013 expect a
roll-out ratio of 25% related to the total number of meters by 2022 (`continuity scenario’). If
additionally smart meters were installed whenever a meter exchange was necessary, the ratio
would increase to 68% (Figure 38) (`continuity scenario plus’). Approximately 1/3 of these
installations is expected to be intelligent metering systems and 2/3 smart meters (i.e. meters
that have a display, but no external communication).
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Figure 38: Projection of selected roll-out scenarios

EU-scenario:
continuity-scenario:

reflects EU-requirements, in particular the roll-out of smart meters to at least 80% of final customers
assumes a continuation of the current legal and regulatory requirements in Germany.

continuity-scenario plus: assumes a continuation of the current legal and regulatory requirements in Germany (i.e. mandatory roll-out
cases) plus an order to speed-up the roll-out of smart meters (ready for a later upgrade to intelligent metering
systems) for connection points with lower demand.
roll-out scenario:

extension of mandatory roll-out to installations above 250 W generation capacity.

roll-out scenario plus:

extension of mandatory roll-out to installations above 250 W generation capacity plus an order to speed-up the
roll-out of smart meters (ready for a later upgrade to intelligent metering systems) for connection points with
lower demand.

Source: Ernst & Young, 2013 (own translation by the authors)

Ernst & Young, 2013 carried out a cost assessment for Germany based on expert interviews
(Table 14). The costs vary widely from 75 to 580 Euro for an intelligent metering system that
conforms to the security profile (BSI protection profile).
Table 14: Cost assessment for smart meters in Germany
Cost factor
Ferraris meter
smart meter (incl. adapter and interface for inhouse communication)
meter according to BSI requirements (without adapter)
smart meter gateway (incl. security module, without communication module)
smart meter gateway (incl. metering equipment, security module, and communication module)
meter installation cost
gateway installation cost
installation cost for meter and gateway (at one occasion)
depreciation time: 13 years, except for the Ferraris meter for which 16 years are assumed
Source: Ernst & Young, 2013 (Ernst & Young estimations based on studies and expert interviews)
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value
Euro
25
80
55
80
175
30-100
20-90
40-110

The learning rates are estimated to drive a 15% cost reduction when the installed number of
smart meters is doubled (Ernst & Young, 2013). However, it is not clear if this figure is valid
only for German numbers of smart meters or if it is a European or worldwide figure.
Technological progress is assumed to lead to reductions in unit production cost by 2% per
year.

3.5.2. Actors and social networks (socio-cognitive)
Initially smart metering was driven by utilities who wanted to reduce their overall costs and
pick up new market options. In addition, policy makers pushed the development driven by
EU regulation and national climate policy strategies. The metering industry jumped on the
issue, large utilities started to develop own solutions and the German telecom also pushed the
development with a focus on service provision for data and information management (but are
not (yet) directly competing with utilities). However, industry associations are critical with
respect to high cost estimates while associations of IT and electronic manufacturing
(BITKOM and ZVEI) advocate a broad roll-out.
Smart meters faced significant opposition because of security and data safety concerns. With
the introduction of the BSI protection profile, data security issues can likely be widely
addressed. Consumer advocates warn of consumers becoming transparent customers. Smart
meters are further criticized as too expensive in comparison to potential benefits (Stiftung
Warentest, 2010; Ernst & Young, 2013). Nonetheless, at least initially the willingness to pay
for smart meters was high (Picot et al., 2009; Wissner, 2009).
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Table 15: Overview of actors and their position with respect to smart meters
Actors

Description/ position

IBM, Siemens, Landis & Gyr. Active in metering solutions, data analysis, data transmission/ IT
solutions that add to their product portfolio
RWE, E.On, EnBW, Vattenfall, MVV, EWE. Active in pilot projects, investigating new business models
Utilities
and efficiency options
Government Federal Ministry of Economy (BMWi)
Focusing on networks and system integration of renewables in the context of the “Energiewende. Smart
metering described as central in the context of smart grids.
Stressing the importance of data safety and data security, ordering the development of a protection
profile with minimum requirements for smart metering systems. Until the profile was published in 2013,
this delayed the development of smart meters since market parties had no security about future
proofness of the existing systems.
Regulator (BNetzA)
Regulation of electricity and gas networks. Advocating for smart meters as being part of unregulated,
competitive activities (not in the responsibility of network operators)
Federal Authority for Security in information Developing the protection profile for intelligent metering systems also providing grounds for
technology (BSI)
interoperability
Companies Network operators
Participating in demonstration projects.
Technology providers

Companies

Incumbent suppliers
New suppliers (e.g. Yellow)
Telecommunication companies

Promoting the distribution network operator as smart grid operator with responsibility for smart meter
gateway administration
Participating in demonstration projects. Smart meters and associated services as measure for customer
relationship management. Rarely offering variable tariffs.
Using smart meters to offer new services to customers and thereby win market shares
Participating in field tests/ demonstration projects. Promoting itself as service provider for data
management

Knowledge
institute

Diverse research institutes (e.g. Fraunhofer Carrying out studies on the feasibility of smart grids, benefits of smart metering, customer response/
FOCUS, IWES, ISE, ISI) and consultants (e.g. flexibility, economic/ societal value of smart grids.
KEMA, Ernst & Young, BET)
German energy agency (dena)
Smart meter study on detailed cost effects for different actors from roll-out scenarios and under different
regulatory regimes. Analysis of network effects from smart meter enabled control strategies for
generators and consumers
Industry
Federal
Association
for
Information Advocating broad (and accelerated) roll-out to tap the full economic value and push the development of
organizations Technology, Telecommunications and New new energy services.
Media (BITKOM)
German
Electrical
and
Electronic Advocating broad roll-out
Manufacturers' Association (ZVEI)
Association of new (grid-independent) energy Criticizing cost estimations as too optimistic
suppliers (BNE)
German Renewable Energy Federation (BEE)

Criticizing the compulsory smart meter for renewable energy installations.

German Association of Local Public Utilities Promoting the metering responsible party (typically the distribution network operator) as smart grid
(VKU)
operator with responsibility for smart meter gateway administration.
Criticizing cost estimations in cost benefit analysis as being too low
Advocating standardized interfaces instead of compulsory installation of displays for smart meters.
Criticizing roll-out requirement after renovation or new buildings.
Asking for clarifying rights of house owners in the contribution/ installation of metering systems.
NGOs

Customer advocates (Verbraucherzentrale)

Criticizing compulsory roll-out on the grounds of potential acceptance problems for the “Energiewende”

Source: Own compilation

Smart meters are considered important for future smart grids. They should enable demand
side management and enhance the efficiency of network and system management in
distribution networks. The cost-benefit analysis warns that a general 80% roll-out, as
favoured by the EU, is not economically beneficial in Germany and therefore not advisable.
Rather, roll-out should be targeted to those cases in which smart meters are economically
beneficial and/ or system relevant which depends on the contribution smart meters can make
to renewable energy system integration (Ernst & Young, 2013). Financing is identified as
major challenge (dena 2014).
Smart meters can reduce energy demand. The E-Energy pilot projects found a reduction of
10% in participating households’ energy demand, but only part of the effect may be attributed
to the technical change (Karg et al., 2014). In addition, behavioural change, financial
incentives (e.g. from variable tariffs), as well as training and information were found to be
necessary (Karg et al., 2014). But even though dynamic tariffs are considered necessary to
reap full benefit from smart meters and utilities are required to offer tariffs that give
incentives for energy saving, such as load-variable or Time-of-Use tariffs, there is some way
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to go: dynamic tariffs are the rare exemption and many utilities only offer a minimum of
differentiation, also because of billing based on standardized load profiles (Hierzinger et al.,
2012).
In Germany, the metering business has been liberalized and so far smart meter roll-out has
been left to the market. Role of network operators and demarcation of network and market
are intensively discussed. The German regulator perceives smart meters predominantly in the
competitive domain of metering and supply. While smart meter information could be part of
a smart grid, smart meters are no precondition for the development of intelligent networks
(Bundesnetzagentur, 2011).

3.5.3. Governance and policy
On EU level, the third Energy Package from 2009 (2009/72/EU) includes a goal for an 80%
roll-out of intelligent metering systems by 2020 if such a roll-out is assessed positively.
Based on a positive outcome of such a cost benefit analysis member states should then
develop 10-year plans for the roll-out. Complementary, the EU energy efficiency directive of
2012 (2012/27/EU) promotes energy services based on intelligent metering systems, dynamic
tariffs and demand side management.
On a national level, the integrated energy and climate program of 2007 included as one aspect
the fostering of the diffusion of new technologies for dynamic metering in the liberalized
metering business as the basis for energy savings and new energy services. Over time the
focus moved towards security of supply, smart grids, and RES integration, with data privacy
and security also playing an important role.
Initially fully relying on market-based roll-out, the approach shifted slightly towards a
regulation approach as a response to EU legislation and to the fact that energy savings were
lower than expected and data protection issues increased. Following the results of a cost
benefit analysis which came to a positive result only for a targeted partial roll-out, the
Germany Energy Law (EnWG) was amended in 2011: § 21c EnWG requires the installation
of smart meters in three mandatory cases that are considered to have a positive cost benefit
ratio (see section 2.8.1). The recommended `roll-out scenario plus’ assessed positively in the
cost-benefit analysis (Ernst & Young, 2013) would require changes in the legal framework.
The German instrument mix has focused on supporting research, development and
particularly demonstration of smart metering in several pilot and demonstration projects. The
E-Energy program had a volume of 140 Mio. Euro over the years 2008-2013 financed to
roughly 60% by participating firms and 40% jointly by the Federal Ministries of Economy
and Environment. In 2014 the Federal Ministry of Economy initiated a new support program
“showcases intelligent energy” designed to gain practical experiences with smart metering.
Core topics are RES-E system integration, supply security, testing and technological
improvement of smart meter, support of new market mechanisms, and the identification of
reliable communication technologies.
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3.6. Analysis of CFL and LED lighting
Tobias Fleiter

3.6.1. Innovation and market trajectory (techno-economic)
The history of artificial lighting has seen numerous technology transformations. During the
first half of the 20th century, electric lights (incandescent lamps) completely replaced
gaslights, which have still been the dominant light source in the year 1900 (Fouquet and
Pearson, Peter J. G., 2006). Although much more efficient, fluorescent lamps never fully
managed to replace incandescent lamps during the 20st century.
In recent years, (organic) light emitting diods ((O)LEDs) are becoming increasingly attractive
light sources. LEDs are the most popular application of solid state lighting (SSL). The current
efficacy of LEDs on the market is already higher than for CFLs with more than 100 light flux
per energy input (lm/W), and still increasing. During this time, SSL applications
fundamentally changed, from small signal indicators to ordinary lamps (Haitz and Tsao,
2011). Besides the (potentially) high efficacy, another main advantage of LEDs and OLEDs
is their long lifetime (up to 50,000 hours, i.e. 50 times more than incandescent lamps and
roughly 10 times more than fluorescent lamps (Azevedo et al., 2009).
In Germany, a very dynamic change in market shares can be observed in recent years (Figure
39). From 2009 to 2013 the share of incandescent lamps decreased sharply. However, the ban
of incandescent lamps since 2009 (100 W), 2010 (75 W) and 2011 (60 W) did not accelerate
the diffusion of CFLs – as it was intended for. Instead, halogen lamps (eco version) grew in
market share and also LED diffusion has taken up.
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Figure 39: Sales of lamp types in percentage of total number of sales in Germany

LEDs
Incandescent lamps
Halogen (non-eco)
Halogen (eco)
Fluorescent tubes
CFLs

Source: dena/GfK

The diffusion of SSL is a story of niches being sequentially captured, which then even
accelerated momentum in SSL development. These niches are found in applications which
were not so dependent on “white” light, but where the monochrome coloured light of LEDs is
sufficient and where maintenance costs (for the replacement of lamps) are high. The first
niches were alphanumeric displays and indicator lamps in 1968. In the 1990s HP and Philips
were among the first to explore the potential of LEDs to enter the general lighting market
(Haitz and Tsao, 2011). After 2000 additional successfully conquered niches include exit
signs, traffic signals, computer monitors, LCD, televisions, mobile phone displays,
commercial signage, vehicle lighting and festive lights (IEA, 2006). Currently, a rapid
diffusion of LEDs in the market for general illumination takes place.Regarding efficacy, for
the dominant technologies like incandescent, fluorescent (not expected to substantially
exceed 100 lm/W) and HID lamps a saturation can be observed, in contrast to the fast
improvement of LEDs (Figure 40, SSL expected to reach efficacies of 150-180 lm/W, Haitz
and Tsao, 2011).
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Figure 40: Efficacies of different lamp types compared to SSL types over time

Source: Azevedo et al., 2009

Regarding cost development, the so-called Haitz’s law says that the cost per lumen of light
from SSL falls by 90% per decade (see Figure 41). For the past 40 years this law proved
correct. For the future a saturation is expected as the maximum efficacy of light sources is
around 400 lm/W, which corresponds to 100% conversion of electrical to optical power
(Haitz and Tsao, 2011). The cost for cool white LEDs fell from about 150$/klm in 2000 to
only 5$/klm in 2010, driven by improvements in efficacy, increases in power per package,
larger chips, better yields, higher volumes, etc. (Haitz and Tsao, 2011).
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Figure 41: Haitz's law: cost per lumen and lumen per lamp for red and white LEDs

Source: Haitz and Tsao, 2011

Important for the diffusion of SSL is, however, the cost of light from SSL sources compared
to other lamp technologies. According to Azevedo et al., 2009 the levelized cost of SSL fell
below incandescent lamps in 2008 and became competitive with the different types of
fluorescent lamps between 2012 and 2014 (see Figure 42). This estimation is supported by
the recently observed increase of SSL market shares in Germany (see Figure 39).
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Figure 42: Levelized cost of lighting for various lamp types (assuming an electricity retail
price of 0.10 $/kWh, lamps used 10 h/day, and a discount rate of 5%)

Source: Azevedo et al., 2009
To summarize, SSL cost are expected to fall fast in the near future, as SSL performance is
expected to continue to increase.Further, the current momentum of SSL in markets like LCD
panels and street lighting is expected to further push SSL diffusion in the general illumination
market (Haitz and Tsao, 2011).

3.6.2. Actors and social networks (socio-cognitive)
The lighting market is traditionally oligopolistic with the major companies being General
Electric Lighting, Phillips Lighting and Osram (Menanteau and Lefebvre, 2000).
The large lamp manufacturers saw (compact) fluorescent lamps as a chance to get a
competitive advantage as smaller, less technology-oriented manufacturers became more
competitive on the incandescent lamp market (Menanteau and Lefebvre, 2000). Further, the
technology-intensive fluorescent lamps have a much higher value-added than the
incandescent lamps. Consequently, the incandescent lamp oligopoly even pushed the
development of the competing technology, the compact fluorescent lamp. The transition has
probably been further accelerated by new companies specializing in energy-efficient lighting,
like the German company Megaman, which is by now as big as Osram or Philips in sales of
energy-efficient lighting. Rapid expansion of production capacity in China also puts pressure
on traditional lamp manufacturers.
The consultation process for domestic lighting (2009-2013) in the frame of the Ecodesign
Directive reveals the following positions:
66



The European lamp and lighting industry associations (ELC and CELMA)
representing all big European companies generally supported the move towards more
efficient lighting, although they have not been in favour of the quickest option for
market transformation and suggested a time span of 9 instead of 5 years. When,
however, stage 6 of the regulation would have phased out halogen lamps in 2016 (or
2018 as proposed by the Commission), the lamp manufacturers suggested to abolish
stage 6 and not to phase-out halogen lamps.



Greenpeace argued that European manufacturers want to delay the transformation to
pay-off their production capacity for incandescent lamps. They argue that warnings of
lamp shortages were not proven as Chinese production capacity would be sufficient
even for a fast market transformation.



Also the German government has expressed the need for ambitious standards and
comprehensive market surveillance. Even more, according to Euractiv and Howarth
and Rosenow (2014), the standards for lighting have been initiated by the former
German minister for the Environment, Sigmar Gabriel, in 2007.

Consumers play a very particular role in the diffusion of new lighting technologies. Since the
emergence of the CFL, consumers were reluctant to using it hanging on to the incandescent
lamp – despite its low efficiency, higher costs of ownership, shorter lifetime and the
numerous articles and information materials propagating these disadvantages. Several reasons
for this reluctance can be identified in the literature (Bertoldi and Atanasiu, 2008):


The higher price of CFLs discourages many consumers to buy CFLs



The quality of early CFLs has been relatively poor in many cases



Aesthetic issues like the shape of the lamps and the colour rendering (i.e. the cold
light)



the threat that mercury is released when CFLs get damaged ( potential negative health
effects)



Other classical barriers like the low priority of energy savings and simply behavioural
rules (always buying the same lamp type)

Although many of the barriers related to quality and aesthetic issues have been overcome,
consumers still remembered these early experiences: When the EU introduced the minimum
standard for certain lamp types (in fact a ban on incandescent lamps) it was heavily opposed
by consumers and the public media (Howarth and Rosenow, 2014). Regarding SSL
technology, the public discussion is not yet so intensive, maybe due to the still relatively low
market share of LEDs.
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Instead, potential opposition might come from companies not producing SSL. In the past,
SSL technology has been developed by specialized companies, not the big lighting
manufacturers. However, this changed in the 1990s when the lighting industry recognized the
huge potential of SSL. Today, all big manufactures have SSL in their portfolio and
acknowledge the importance of SSL in the near future.

3.6.3. Governance and policy
The German policy mix to improve energy-efficiency in lighting has been dominated by EU
policy since the 1990s.
The first EU policy instrument implemented was the energy label for lamps in 1999
providing information for consumers about the efficacy of different kinds of lamps. The label
did, however, not achieve a substantial transformation of the residential lighting market. The
second main policy is the EU’s minimum energy performance standards (MEPS) for lighting
in households and the commercial sector (implemented as individual regulations in the frame
of the EU Ecodesign Directive between 2009 and 2013). The labels and MEPS are regularly
updated and revised to take into account new technology developments.
Since 1998, the European CFL Quality Charter aims to improve the quality of CFLs. In
addition, the European design competition “Lights of the Future” was conducted for a few
years.
In Germany, campaigns to replace incandescent lamps by CFLs have been conducted
frequently, mostly on a local basis (Bertoldi and Atanasiu, 2008), but also country-wide (e.g.
free energy audits for low-income households, and free replacement of incandescent lamps
with CFLs). Further, a support program by the German Ministry for Economics provides
subsidies for the implementation of high-efficiency cross-cutting technologies including
LEDs in small- and medium sized enterprises
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3.7. Analysis of Vehicle-to-Grid
David Dallinger and Martin Wietschel

3.7.1. Innovation and market trajectory (techno-economic)
In a smart grid environment plug-in electric vehicles (PEVs), such as battery electric vehicles
(BEVs), plug-in hybrid electric vehicles (PHEVs) and range extended electric vehicles
(REEVs) can stabilize the grid and participate on electricity and balancing markets. This can
be realized by delaying the charging process or charging power reduction in case of a
unidirectional power flow from the grid to the vehicles. In case of bidirectional power flow
vehicles can feed back power to the grid, which is referred as vehicle-to-grid (V2G, Kempton
and Tomić, 2005).
In order to realize smart charging information and communication technologies are the key
factors to connect the vehicles with the electricity market. To involve the consumers
incentives are necessary. Therefore, electricity and balancing market business cases are the
driving force for V2G. Compared to traditional storage use (mainly hydro-pumped storage)
V2G comes with a higher control effort. This is mainly driven by the small scale of a single
vehicle in the market which requires pooling and controlling of many vehicles in order to act
as a bigger virtual storage. Hence, before V2G and smart charging can be realized in larger
scale, information and communication technologies must be available in the vehicles and/or
the charging infrastructure (mainly at home).
In Germany, the first PEVs are now available for sale. These vehicles only provide
unidirectional power flow from the grid to the vehicle. V2G functionalities are not
implemented. Smart charging can be realized by the consumers but is not an integrated part
of the vehicles’ functionality. So far in Germany, V2G is only realized in small pilot research
projects (e.g. in INEES, 2014 or iZEUS, 2014). These projects demonstrate the feasibility of
V2G for Germany. The Japanese Company Mitsubishi Motors announced to bring a PHEV to
the German market that can provide V2G for battery backup. In Japan emergency power
supply is a big concern since the Fukushima Daiichi nuclear disaster. Therefore, Japanese car
companies seem to be the first to provide V2G as a private backup service.
With regard to information and communication technologies there is still a relatively slow
development in the smart home area. However, a highly dynamic development is observed in
the vehicle sector. Here, mobile internet will be standard for the next generation of mid and
upper class vehicles. Vehicle manufactures currently develop and implement backend
systems that allow vehicles to communicate with the internet and to interact with customers’
smartphones. Tesla Motors – a US company with German involvement (Daimler AG) – even
uses a backend system to update vehicle functionality (Tesla Motor, 2014). This development
of information and communication technologies in the vehicle sector is promising for V2G
services, because the available communication hardware and backend systems could also be
used to connect the vehicle with electricity markets.
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3.7.2. Actors and social networks (socio-cognitive)
Actors in the V2G topic are all players related to energy and balancing markets, the vehicle
manufactures and end users as well as government institutions.
The German electricity markets are liberalized. Production, trading and distribution are
organized in independent companies to avoid monopolies and increase competition. In
theory, therefore, flexible demand and storage offered among others via V2G result in a
reduction of production prices. V2G is one option to increase the flexibility which stands in
competition with others, such as more flexible supply side option, e.g. gas turbines of energy
utilities. However, the actual market design in Germany is a barrier for V2G.
Power supply companies focus on selling electricity to final customers and hence are
interested in electric vehicles in general. An exact strategy on V2G is still unclear. In terms of
smart charging and V2G power supply companies tend to maintain the control mechanisms in
their area of responsibility. Vehicle manufactures are not willing to give vehicle charging
control and necessary information (battery parameters, consumer behavior, and others) to a
third party. Consequently, vehicle manufactures prefer to control the charging and V2G
behavior by incentives such as price signals. In this case the V2G schedule is generated
within the vehicle. The currently approved standard ISO 15118 includes price signals
whereas the communication of battery parameters is missing. Therefore, it seems likely that
in the future vehicle manufactures will not give external control to power supply companies.
Moreover, ISO 15118 does not include bidirectional power flows. Overall, vehicle
manufactures focus on selling vehicles. Smart charging and V2G is not first priority.
For end users V2G could be a possibility to reduce the electricity bill for electric driving.
With regard to the future development V2G could also be of interest with respect to
photovoltaic systems and provision of backup power in case of accidences or off-grid fun
applications. Since V2G is not available and even PEVs’ market shares are extremely low,
V2G is not an issue for end users today. However, with an increasing market share of
fluctuating renewables in Germany, an increasing market share of PEVs (in the last two years
the PEV sales increased by 100 % per year in Germany) and changes in the market design
with better market conditions for flexibility options V2G will become of higher relevance.
After 2020 it is expected to change from a niche market to a mass market issue.

3.7.3. Governance and policy
Governmental goals related to V2G are the decarbonization of the energy and transportation
sector as well as competition on electricity markets. Renewable energy generation is very
important for PEVs because only using sustainable electricity results in a real emission
benefit of electric driving. Furthermore, the flexibility and storage capacity of vehicles’
batteries may help to better integrate high shares of fluctuating renewable electricity
generation. Therefore, the German government provides funding for smart charging and V2G
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applications in pilot projects. The argument of higher competition on electricity markets is
not as pronounced as the support of renewable generation today.
In an indirect way the government also supports V2G by providing funding for battery/power
electronics as well as information and communication technology research and infrastructure
development. Nevertheless, the only instrument currently in use supporting V2G in Germany
is research funding. However, the expected changes in the design of the German electricity
market towards, among others, better market conditions for flexibility options like V2G will
further support this green niche.
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3.8. Analysis of Power-to-Gas
Julia Michaelis and Martin Wietschel

3.8.1. Innovation and market trajectory (techno-economic)
The idea of converting electricity into hydrogen has been discussed already in the 1970s, and
the discussion was taken up again when the German Government decided the transformation
of the Energy System by passing the “Energiekonzept” in 2010. Originally, the idea of using
hydrogen as energy carrier was driven by a possible demand in the mobility sector that would
arise if the market launch of fuel cell electric vehicles would have been realized. Nowadays,
the increasing share of renewable energy sources promotes the future demand for flexibility
options like energy storage. Power-to-Gas is one possibility to store energy in large quantities
for a long time by converting electricity out of renewable energies into hydrogen or synthetic
methane. Actually, gas storage capacities in the gas grid amount to 230 TWh for methane and
will increase to nearly 400 TWh in the near future. For comparison: today’s pump storage
capacities in Germany amount to 0,04 TWh (Bajohr et al., 2011). Furthermore, Power-to-Gas
could contribute to emission reductions in all sectors that use hydrogen or methane. At
present, natural gas or hydrogen by conventional resources is commonly used. The
substitution by hydrogen produced via electrolysis of electricity from renewable energy
sources could enable the shift to a CO2 free hydrogen use. The gaseous energy carriers can be
used afterwards in the chemical industry, for electricity and heat production or as fuel in the
mobility sector.
Actually there are 14 pilot and demonstration projects in operation in Germany that evaluate
the technical and economic potential of this concept. The specific investment for electrolysis
ranges today between 1000 and 2500 Euro/kW, depending on the technology of the
electrolysis. The alkaline electrolysis (AEL) is more developed than the protone exchange
membrane electrolysis (PEMEL). Further differences in investment are linked to the size of
the electrolysis: bigger systems need a lower investment than small ones. For the future, cost
reductions due to economics of scale are possible in case of a production of large quantities
of electrolysers. Furthermore, the PEMEL is still at a research stage, so cost developments
could be possible by up to 50% (Wietschel et al., 2010; Smolinka et al., 2011). Finally, for
the methanation process, there is no official information by manufacturers as different
technologies for methanation are still at research stage.
If hydrogen or methane by Power-to-Gas shall be used in the chemical industry or as fuel, it
must have comparable or lower production costs than alternative production methods. Studies
analysed production costs of hydrogen for different production processes and showed that
methods using conventional energy carriers as coal or natural gas achieve the lowest costs.
Hydrogen costs for gasification of coal or steam reforming of natural gas are about 2 to 5
ct/kWhH2. Methods using biomass achieve costs that vary between 3 and 6 ct/kWhH2. But as
the potential of biomass is limited and biomass is used for other technologies, too, this
concept could not cover a high future demand of hydrogen. The costs for hydrogen via
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electrolysis depend on different factors like full load hours, electricity price and size of the
plant and are at least about 7 or 9 ct/kWhH2. Some studies analysed if the use of surplus
electricity that is linked to spot market prices of zero or less could lead to lower costs. But
even in that case, benchmark values of alternative production methods are not reached
(Wietschel et al., 2010; Müller-Syring et al., 2013).

3.8.2. Actors and social networks (socio-cognitive)
The promotion of “Power-to-Gas” is currently subject of a controversial debate in Germany.
Some interest groups, in particular the gas industry as well as some car makers, promote it
strongly as technology that helps reducing CO2 emissions, while many research institutes
doubt the widespread need of it (Hermann et al., 2014). Studies showed that long term
storage could make sense from a system perspective only in case of high shares of renewable
energies in the energy system. However, the profitability of Power-to-Gas is doubted and
depends highly on the future development of specific investment (Pape et al., 2014). As there
are some research projects that focus on Power-to-Gas, it can be said that the ministries
support the research in this area.
For the gas industry, Power-to-Gas offers a chance for a new business field. For them, P2G is
a possibility to enhance gas sales, as they will probably decrease in the future when
households have better thermal insulations and will need less gas for heating (WinklerGoldstein and Rastetter, 2013). Other actors that promote the Power-to-Gas technology are
electrolysis manufacturers like Hydrogenics, Proton Onsite, CeramHyd, H2Nitidor, ITM,
ENERTRAG HyTec or Siemens (Winkler-Goldstein and Rastetter, 2013). These actors are
organized in a number of networks which often include private and public sector members
(see Table 16).
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Table 16: Key networks in the Power-to-Gas niche
Network

Activities

DVGW e.V. (German Public-private organization (founded in 1859) focusing on the analysis
Association for gas and and development of the technical potential of the gas infrastructure and
water applications)
applications
Strategy
platform Foundation in 2011 by 14 companies and knowledge institutes (e.g.
“performing energy”
Siemens AG, Vattenfall Europe, Linde AG, Fraunhofer Institute for
Solar Energy Systems ISE, Deutsches Zentrum für Luft- und
Raumfahrt e.V. DLR) with the aim of promoting the dialogue between
industry, research centres, associations and society
Platform “Power to Gas”
Germany Energy Agency (dena) in cooperation with 34 partners in the
fields of electricity (Government, companies and knowledge institutes)
and gas industry, plant construction and application technology,
research and development as well as associations found the platform to
promote an exchange of ideas and experiences and preparing the
market launch of the Power-to-Gas technology
Initiative “H2Mobility”
Leading industrial companies like Air Liquide, Linde, Daimler, OMV,
Shell, Total and the National Organisation Hydrogen and Fuel Cell
Technology NOW GmbH joined to collaborate in the development of a
hydrogen infrastructure

At the beginning of 2013 the platform “Power to Gas” published a position paper which
includes the objectives of (i) an installed electrolysis power of 1 GW until 2022, (ii) the
preparation of the market introduction in 2020/2025, (iii) the recognition of hydrogen and
methane made by Power-to-Gas as biofuel, and (iv) the equal consideration of all use paths
for Power-to-Gas – i.e. electricity, gas and mobility (Strategieplattform Power to Gas, 2013).
The platform intends to push the achievement of these aims in cooperation with industry and
policy representatives. Furthermore, a roadmap for Power-to-Gas until 2020/25 was
published (Strategieplattform Power to Gas, 2014). Key points concern the analysis of the
conditions for the technical system and the energy economy, technology and application
research as well as the creation of general conditions for storage and willingness to invest.
The focus lies on the German market, but as the electricity grid is linked to the neighbouring
countries, the establishment of conditions for energy storage and Power-to-Gas on a
European level is recommended.
However, business models are hard to identify today. In the future, lower limits for CO2
emissions in the mobility sector could set new impulses for using CH4 as fuel for vehicles and
thus promote new business models. There are a few industrial actors like Audi AG,
Greenpeace Energy eG or sunfire GmbH that started first activities. In 2013 the first plant by
Audi AG including electrolysis and methanation opened in Lower Saxony. The synthetic
methane, called ‘e-gas’, is fed into the gas grid and can be used for gas filling stations and
natural gas vehicles. Audi AG uses this plant for supporting the sale of their new gas vehicles
(Audi AG, 2014). Greenpeace Energy eG is the first energy supplier that offers a gas tariff
that supports the technology of Power-to-Gas. Clients pay 6,95 ct/kWh of which 0,4 ct/kWh
are used for the development of the Power-to-Gas technology. However, they receive
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conventional natural gas because actually, CH4 produced by Power-to-Gas is expensive
(Greenpeace Energy eG, 2014). Greenpeace Energy offered already a contract for “windgas”,
a gas that is partially produced by renewable energy sources, but failed because of missing
customers (Geitman, 2013).
Among the barriers for the market introduction of Power-to-Gas, it is still not analyzed if
people would accept hydrogen based technologies or if they would be willing to pay a higher
price for methane by renewable energy sources.

3.8.3. Governance and policy
The German government sees a potential for Power-to-Gas in the future, but in the short
term, it is not an economically feasible solution (BMWi, 2014d). The actual strategy of the
government focuses on the promotion of research and development of the technology. There
exist still uncertainties with regard to the need for storage or gas, cost developments and
acceptance of Power-to-Gas. In general, Power-to-Gas is seen as a flexible option that can
contribute to the future energy system, but as it will become relevant after 2020 or even 2030,
the current instrument mix focuses on other more mature technologies. Strong regulatory
interventions that support the use of Power-to-Gas are not expected and not recommended by
research institutes and energy agencies.
In the current version of the Renewable Energy Law (EEG) and the Electricity Tax Law,
Power-to-Gas is not explicitly taken into account. There are regulations for energy storage
like tax and EEG apportionment exemption if electricity is stored temporarily and fed back
into the electricity grid. But as Power-to-Gas targets the flexible use of the gas in different
sectors, this regulation does not cover all use paths and additional rules would be needed.
However, it is determined that gas created from 80 % renewable sources has a privileged
access to the gas grid and this rule is applicable for Power-to-Gas, too (Bundesregierung,
2005, 2008).
Ongoing research projects are mainly supported by the Federal Ministry of Economics and
Energy, the Federal Ministry of Transport and Digital Infrastructures and the Federal
Ministry of Education and Research. The National Organisation Hydrogen and Fuel Cell
Technology NOW GmbH was founded in 2008 by the German government represented by
the Federal Ministry of Transport, Building and Urban Development and is responsible for
the coordination and management of two programs that have been set up in order to promote
the development of electric mobility and fuel cell technology (NOW, 2014). Besides the
NOW GmbH, the platform “Power to Gas” has been established by the German Energy
Agency in order to concentrate the knowledge and public opinion on Power-to-Gas.
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3.9. Conclusion
Karoline S. Rogge and Paul Boedeker

This report analysed four supply side niches and four demand side niches in the German
electricity system, namely onshore wind, solar PV, offshore wind and bioenergy (supply side
niches) and CFL and LED lighting, smart meters, power to gas and vehicle to grid (demand
side niches).
We conclude our analysis by assessing to which pathway these niches belong to – either
pathway A which is characterized by technical component substitution, or pathway B which
is associated with broader regime transformation. Most of the supply side niches in the
German electricity system follow pathway B (onshore wind, solar PV, bioenergy). One
reason for this assessment is that lead actors tend to be new entrants, including citizens,
farmers and municipalities, although by now large incumbents are attempting to enter these
niches. However, their role has remained limited so far, except for the case of offshore wind
(pathway A) where they – alongside with new entrants – play a key role. Offshore wind as
large-scale technology also differs in the depth and scope of change: while it can be described
as radical technical change, other system elements are not as radically impacted as is the case
for onshore wind and solar PV. These small-scale intermittent supply side technologies with
their increasing market shares necessitate a reconfiguration of the German energy system and
energy markets. Finally, given that particularly solar PV but also onshore wind and bioenergy
has turned consumers into prosumers these pathway B niches are associated with multidimensional changes, including socio-cultural and consumer practises.
The situation differs for the demand side niches studied for the German electricity system as
all of these are associated with pathway A, given that radical change by and large remains
limited to radical technological change. For example, CFL and LED lighting focus on
technological substitution without broader behavioural changes. Similarly, the partial
implementation strategy for smart meters pursued by the German government may limit
broader regime changes. However, there is the potential that this niche could eventually be
leading to broader and deeper changes, including changes in consumption patterns, so that an
assessment may require some more detailed analysis of the underlying vision and potential
consequences of the German roll-out strategy. Finally, power-to-gas and vehicle-to-grid as
very young niches represents two radical technical solutions to wider system changes in the
electricity system resulting from an increased need for electricity storage. For these niches,
incumbent actors tend to play a key role. Also, broader system changes appear limited,
although the vehicle-to-grid niche holds the potential for change that goes deeper and beyond
the technical dimension.
All examined niches exhibit different degrees of momentum, spanning from very low to very
high, which is summarized in Table 17, and further elaborated in the remainder of this
section.
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Table 17: Assessment of momentum and transition pathway of analysed niches
Niche-innovation
Onshore wind

Assessment of Momentum (incl. ranking)
1 – very high



Large techno-economic potential at lowest cost
Currently still relatively high socio-cognitive acceptance
Continuing deployment support, but attempt to limit rate
of deployment and integrate into market


CFL and LED
lighting

Pathway
B

2 (LED) – very high


A

technological and economic advantages and fast progress
(including total cost of ownership)

2 (CFL) – medium





economic advantages (including total cost of ownership)
technological disadvantage (e.g. containing mercury)
technology has yet to overcome reluctance in social
acceptance on the user side
political support largely originating from the EU (ban of
incandescent lamps in 2009)

Solar PV

3 – high


high cost burdens for final customers due to EEG
surcharge, but costs are expected to continue to decrease
social acceptance for rooftop PV is still high
up to 2013 very high momentum, but now reduced due to
a deterioration of the policy mix (attempts to limit
diffusion rate, large cutbacks in the level of support
granted through feed-in tariffs)





Offshore wind

4 – medium



5 – low

B



high costs and little cost reduction potential, but technological advantage of being a non-fluctuating energy source
wider sustainability concerns and competing uses of
biomass for the decarbonization of other sectors
policy commitment for further expansion limited (very
low rate of diffusion foreseen)




Smart meters

6 – low




Power-to-gas
Vehicle-to-grid

A

continuing high costs and delays in grid connection
industry actors remain firmly committed to this technology
which by now is also attractive to large utilities
long-term targets recently reduced, but instrument mix
remains favorable with extensions of high levels of
support


Bioenergy

B

high implementation costs with cost-benefit ratios rarely
being positive for individual households
socio-cognitive acceptance rather low due to the issue of
data protection
policy makers are yet hesitant to show significant
commitment to an accelerated deployment

7 – very low


A

economic viability of projects difficult, investors hesitant
policy mix so far not tailored to support this niche


8 – very low
 Costs for batteries are high – although decreasing – and


A
(with
potential
for B)

revenue opportunities remain limited due to limited price
spreads on electricity markets
policy mix so far focuses on providing R&D funding
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A
(with
potential
for B)

The highest momentum is found for onshore wind, mainly for techno-economic reasons as it
constitutes the largest potential to achieve Germany’s energy transition goals at the lowest
costs. Also socio-cognitive acceptance is still relatively high for this by now almost
established energy technology, but may come under more pressure with further deployment
due to NIMBY and landscape concerns. Although a ‘breathing cap’ was established in the
EEG2014 the policy mix is still supportive and continues to provide a largely unchanged
feed-in tariff level for a guaranteed period of time.
A very high momentum is also found for LED lighting technologies, mainly for the
technological and economic advantages (including total cost of ownership) and the rapid
technological progress. For CFL lighting the momentum is only medium, as the economic
advantages (TCO) cannot outbalance the reluctance of consumers and the technical
disadvantages (e.g. mercury). Political support is high for both technologies, largely
originating from the EU, with the most prominent instrument being the ban of incandescent
lamps since 2009.
Solar PV is a special case as momentum was very high until beginning of 2013, but was
dampened significantly due to a deterioration of the policy mix, both in terms of the
introduction of a breathing lid and large cutbacks in the level of support granted through
feed-in tariffs. The reasons behind these policy mix adjustments are mainly the overshot of
added capacities relative to deployment targets, resulting in high cost burdens for final
customers. However, social acceptance for rooftop PV is still high and costs are expected to
continue to decrease, so that further capacity additions are envisaged to achieve roughly the
same level as onshore wind. Still, given that the momentum used to be higher in the past we
have rated it as high and not anymore very high.
In light of the recently reduced long-term targets for offshore wind the momentum of this
niche is assessed as medium. The momentum could be higher given the amendment of the
EEG (2014) which once again put a favorable policy mix in place, but delays in grid
connection contribute to a reduction of its momentum. In addition, there is some uncertainty
about long-term investment prospects due to relatively high costs and potential changes in the
design of the demand pull instrument – with discussions underway about phasing in a
tendering system. Yet, so far industry actors remain firmly committed to this technology
which by now is also attractive to large utilities.
Bioenergy has by now a rather low momentum, mainly for its high costs and little cost
reduction potential. However, compared to wind and PV it exhibits the technological
advantage of being a non-fluctuating energy source. Still, policy commitment for a further
expansion of this niche is limited, also for wider sustainability concerns and competing uses
of biomass for the decarbonization of other sectors.
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The momentum of smart meters as a relatively new technology on the demand side is also
assessed rather low, mainly due to high implementation costs making cost-benefit ratios
rarely positive for individual households. In addition, socio-cognitive acceptance is rather
low mainly due to the issue of data protection. As a consequence, policy makers are yet
hesitant to show significant commitment to an accelerated deployment of smart meters.
Power-to-gas is also a demand-side technology of very low momentum. As economic
viability of projects (which are yet to be realized) is difficult, investors are hesitant, especially
as the policy mix is not tailored to support this niche. For example, a policy support
mechanism for power-to-gas is missing, thereby hindering deployment.
Vehicle to grid is found to exhibit the lowest momentum which is not surprising giving that
in Germany the technology is so far only realized in small pilot research projects. Costs for
batteries are high – although decreasing – and revenue opportunities remain limited due to
limited price spreads on electricity markets. Apart from these techno-economic barriers the
policy mix so far focuses on providing research funding only.
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4. List of abbreviations
AEL

Alkaline electrolysis

AGEE-Stat

Working Group on Renewable Energy Statistics (Arbeitsgruppe
Erneuerbare Energien-Statistik)

a-Si

Amorphous silicon

BBE

Federal Bioenergy Association (Bundesverband Bioenergie e.V.)

BEE

German Renewable Energy Federation (Bundesverband Erneuerbare
Energien e.V.)

BEV

Battery electric vehicle

BiokraftNachV

Biofuels Sustainibility Ordinance (BiokraftstroffNachhaltigkeitsverordnung)

BioStNachV

Biomass Electricity Sustainability Ordinance (BiomassestromNachhaltigkeitsverordnung)

BITKOM

Federal Association for Information Technology, Telecommunications and
New Media (Bundesverband Informationswirtschaft, Telekommunikation
und neue Medien e.V.)

BLS

Federal Association for Landscape Protection (Bundesverband
Landschaftschutz e.V.)

BMBF

Federal Ministry of Education and Research (Bundesministerium für Bildung
Forschung)

BMEL

Federal Ministry of Food and Agriculture (Bundesministerium für
Ernährung und Landwirtschaft)

BMU

Federal Ministry for the Environment (Bundesministerium für Umwelt)

BMUB

Federal Ministry for the Environment, Nature Conservation, Building and
Nuclear Safety (Bundesministerium für Umwelt, Naturschutz, Bau und
Reaktorsicherheit, since 2013)

BMWi

Ministry for Economic Affairs and Energy (Bundesministerium für
Wirtschaft und Energie, since 2013)

BNE

Association of new (grid-independent) energy suppliers (Bundesverband
Neue Energiewirtscahft)

BNetzA

Bundesnetzagentur (Federal Network Agency for Electricity, Gas,
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Telecommunications, Post and Railway)
BSH

Federal Maritime and Hydrographic Agency (Bundesamt für Schiffahrt und
Hydrographie)

BSI

Federal Authority for Security in information technology (Bundesamt für
Sicherheit in der Informationstechnik)

BWE

Germany Wind Energy Association (Bundesverband WindEnergie e.V.)

CAP

Common Agricultural Policy

CdTe

Cadmium telluride

CDU

Christian Democratic Union

CHP

Combined Heat and Power

CIS

Copper indium selenide

DBFZ

German Biomass Research Centre (Deutsches Biomasse
Forschungszentrum)

DBV

German Farmers Association (Deutscher Bauernverband e.V.)

dena

German Energy Agency (Deutsche Energie-Agentur)

DVGW

German Association for gas and water applications (Deutscher Verein des
Gas- und Wasserfaches e.V.)

EEG

Renewable Energy Sources Act (Erneuerbare Energien-Gesetz)

EEPR

European Energy Program for Recovery

EEWärmeG

Renewable Energies Heat Act (Erneuerbare-Energien-Wärmegesetz)

EFL

Electricity Feed Law (Stromeinspeisungsgesetz)

EnIndAct

Energy Industry Act

EnWG

German Energy Law (Energiewirtschaftsgesetz)

EU

European Union

FFHDirective

Flora-Fauna-Habitats-Directive

FIT

feed-in tariff

FNR

German Agency for Renewable Resources (Fachagentur Nachwachsende
Rohstoffe)
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FVB

German Biogas Association (Fachverband Biogas e.V.)

GasNEV

Gas Network Tariffs Ordinance (Gasnetzentgeldverordnung)

GasNZV

Gas Network Access Ordinance (Gasnetzzugangsverordnung)

GDR

German Democratic Republic

GHG

Greenhouse gas

HVDC

High voltage direct current

IEA

International Energy Agency

IEKP

Integrated Energy and Climate Program (Integriertes Energie- und
Klimapaket)

KfW

German Bank for Reconstruction and Development (Kreditanstalt für
Wiederaufbau)

KNI

Klaus Novy Institute

KoNaRo

Competence Center for Renewable Resources (Kompetenzzentrum für
Nachwachsende Rohstoffe)

KWK

Combined Heat and Power (Kraft-Wärme-Kopplung)

KWKG

Combined Heat and Power Act (Kraft-Wärme-Kopplungsgesetz)

LCOE

Levelized Cost of Electricity

LWK

Chamber of Agriculture (Landwirtschaftskammer)

NABU

Nature and Biodiversity Conservation Union (Naturschutzbund Deutschland
e.V.)

NIMBY

Not-in-my-backyard

NMMT

National Masterplan Maritime Technologies

NREAP

National Renewable Energy Action Plan

O&M

Operation and maintenance

OWIA

Offshore Wind Industry Alliance

PEMEL

Proton Exchange membrane electrolysis

PEV

Plug-in electric vehicle

PHEV

Plug-in hybrid electric vehicle
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R&D

Research and Development

RD&D

Research, Development and Demonstration

REEV

Range extended electric vehicles

RES

Renewable Energy Sources

RPGT

Renewable power generation technology

SET-Plan

Strategic Energy Technology Plan

Si

Silicon

StrEG

Stromeinspeisungsgesetz

V2G

Vehicle to grid

VKU

Association of municipal companies (Verband Kommunaler Unternehmen)

ZVEI

German Electrical and Electronic Manufacturers' Association
(Zentralverband Elektrotechnik- und Elektronikindustrie e.V.)
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