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Executive Summary
This report presents different possibilities, expectations, scenarios and political objectives for development of renewable electricity, electricity storage and balancing potential in Germany, and
the possibilities for meeting some of these needs through Norwegian hydro power. ZERO has carried out comprehensive literature studies of Norwegian and German studies, as well as several interviews with German actors in order to get an overview of the situation. The overall picture is that
the expectations on German side are not coherent with the current development on Norwegian
side.
The chapters describing the situation in Germany makes it evident that there is no agreement
among different actors about how and when a 100 percent renewable electricity system can be
achieved, and what role Norway is going to play in such a scenario.
There is a remarkable need of storage capacity in order to achieve the current renewable targets
until 2050, and Germany’s potential for electricity storage is already limited. In Norway, the overall
political signals towards exports of green electricity have been positive, but when it comes to actual plans and action the picture is quite different.
The Norwegian figures of possibilities for balancing power vary greatly, and have a number of
prerequisites. Norway as a “green battery for Europe” is not only a matter of political will, but also
of technical, economic and environmental considerations, as well as acceptance in the population.
The studies regarding different forms of balancing power potential in Norway state that much
more research is needed before we can have a clear view of the total effects and possibilities of a
large-scale power export system.
In general, an interesting finding is that there is a different approach to the question of future
energy policy in Germany and Norway. Germany has set up long term targets and visions for their
energy sector until 2050. In Norway such a long-term planning is not an issue for debate. The
Norwegian electricity policy reaches only until 2020, which is the time period for the green certificate system. In Germany, which has an electricity sector heavily dominated by fossil fuels, they
have set up ambitious targets for renewable energy deployment for the next four decades.
Despite the uncertainties regarding the availability of Norwegian balancing power and storage
potential, the establishment of interconnectors between Norway and Germany seems to be one
of the most realistic alternatives for storage and balancing of intermittent renewable electricity production for Germany. With hydro reservoirs of 84 TWh, Norway holds about 50 percent of
Europe’s hydro power storage capacity. To be able to exploit some of these TWhs for the purpose
of facilitating increased renewable electricity shares would be a sustainable alternative to the construction of additional flexible gas and coal power plants in Germany.
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Introduction
Zero Emission Resource Organisation (ZERO) is an environmental foundation contributing to limiting human made climate change. ZERO will contribute to limiting the threat posed by climate
change by promoting carbon-free energy solutions. In our view, emission-free alternatives exist
for all energy use, and ZERO works continuously for their realization.
ZERO sees the need to enter the discussion of establishing more power exchange at an early stage,
in order to secure that such cables have a positive climate effect. The construction of interconnectors will have several consequences for the power markets, but also for the energy mix and eventually for greenhouse gas emissions.
ZERO has carried out a project in order to find out more about the situation for oversee cables in
Norway and Germany. ZERO wanted to analyse what Germany needs and expects when it comes
to import of Norwegian electricity and capacity in the future. This is especially relevant as Germany
has decided to expand the share of renewable energy in their electricity mix up to 2050. At the
same time, we wanted to make an overview of the green-battery discussion in Norway, technical
as well as political.
There have been several research questions:
• What are the different expectations and challenges for the establishment of
interconnectors in Germany?
• What does different actors and studies say about Germany’s future electricity mix
look like and what are assumed needs for balancing power and storage capacity?
• What does existing studies and analyses say about availability of storage capacity
and balancing power in the Norwegian power system?
As the discussion about storage capacities, regulative power and the idea of a green battery is
quite new in both countries, there are not many actors that have published calculations and figures for expectations and potential regarding these issues. This project has therefore been to analyse and sum up the main tendencies in the discussion in both countries, not to give an exhaustive
description of all involved actors and their positions.
Marie Lindberg is the author of this report.
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Background:

Norway as the green battery of Europe
The discussion about Norway as a green battery for Europe emerged in the second half
of the past decade. It has resulted in many research projects and initiatives, which aim at
studying the potential of expanding the electricity exchange between Norway and the
neighboring North Sea countries. By establishing high capacity interconnectors in addition to the existing cables between Norway and Denmark, the Netherlands and Sweden,
it is possible to make use of the flexible hydro power based electricity system in Norway
for the purpose of balancing the rapidly increasing intermittent production of renewable
energy in the North-European countries. Increasing shares of renewable energy sources
in North European countries means new challenges for power systems and power markets. New ways of controlling and operating the grids will be required. It is likely that there
will be increased interaction in the European power grid as production becomes more
non-regulative.

CURRENT SITUATION
Norway has for a long time been connected with electricity cables to Sweden and Denmark.
Historically, interconnectors were built in order to combine thermal power production in Denmark
and to some extent Sweden with flexible hydropower in Norway. This way Norway could run
on surplus thermal power at night, while serving neighbors with hydropower at peaks during
daytime.
Today several interconnectors exist between Norway and Denmark (1 GW), the Netherlands (0.7
GW) and Sweden (3.5 GW) From Denmark to Sweden, transmission capacity comprises more than
2 GW. These cables serve several purposes:
•

Cables have helped allow the high share of wind power in the Danish system, providing
flexible CO2-free power when the wind is not blowing.

•

Cables enable Danish wind power producers to export excess of wind power to
Norwegian consumers,

•

Cables help to secure Norwegian energy supply in periods with low water levels in the
hydro magazines.

•

Cables allow for export of hydropower at times when dams are full, thus preventing
“spill” of water. This situation will occur in periods with lots of precipitation, when “run of
river” power production is running at full load and covering all national demand.

•

Cables will by its very nature reduce large fluctuations in power prices in Norway.

THE “GREEN BATTERY” DISCUSSION
The rapid installation of wind and solar power in northern Europe increases the need for backup power. Because of Norway’s unique topography with many lakes and mountains, Norway has
huge hydro power and storage resources. The capacity of the existing interconnectors is nevertheless very limited compared to the amounts that will be required to enable large scale power
exchange across the North Sea, which is required if Norway is to become Europe’s green battery.
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The term “green battery” derives from the idea that the hydro reservoirs in Norway could serve as
one of the major solutions for back-up capacity when there is lack of renewable electricity in the
other North Sea countries. The Norwegian hydro reservoirs can be used to produce and store electricity. The green battery can hence be “loaded” in periods with excess renewable production in
the neighbor countries. In this case, electricity is imported to Norway and used to pump up water
from lower to higher levels in the hydropower system. The purpose of the battery is thus both to
store excess electricity and to deliver balancing power on command.
The green battery could be established in several different ways. One idea is to build several interconnectors which would integrate the electricity markets in North-European countries and
Norway. The cables would in such a case be connected to the Norwegian electricity grid in SouthNorway and lead to a general balancing of the electricity markets in the different countries.
Another idea is that certain cables from Europe are connected directly to specific power stations
in Norway. The cables are placed along the coast and connected directly to the power stations
through the fjords and up to the power station with a land line. The Norwegian power stations
could be upgraded with pump technology which enables storage of excess production from
abroad, and with enhanced production capacity in order to deliver huge amount of capacity in
short periods with no or low production in neighbor countries. In such a case, the cables would
not necessarily influence the Norwegian power system and market.
There are several initiatives and projects going on that study the potential for increased transmission capacity from Norway. There have been plans for about 4-5 interconnectors from Norway by
2020 with a capacity of totally 4-5 GW. In August 2011, the Norwegian TSO Statnett published a
study which concluded that these plans would not be compatible with the existing capacity in the
power grids in southern Norway. At the same time, they modified their previous assumptions for
when new interconnectors can be ready: Two interconnectors by 2021, one to Germany and one
to UK.
Norway is very interesting as a partner for several northern European countries when it comes to
exchange of flexible and regulative power supply and electricity storage. Firstly, Norway is considered a politically stable partner, which is very reliable regarding long-term trade agreements. This
is the case for agreements in the oil and gas sector today. Secondly, Norway has a unique energy
system with huge hydro power resources, which theoretically can be expanded and upgraded.
Finally, hydro power storage of electricity is by far the cheapest alternative compared to other options for electricity storage, like for instance chemical storage, despite large costs connected to the
grid construction. This is because the efficiency loss is much lower in a hydro storage system than
in a system based on chemical storage.

CASE STUDY GERMANY:
LARGE EMISSIONS AND AMBITIOUS CLIMATE POLICY
We have chosen to take a closer look at the situation concerning future energy production in
Germany and the implications this could have for future power exchange between Germany and
Norway. This is first of all a result of the fact that Germany has developed an overall plan for their
energy situation until 2050, including targets for renewable energy development and emissions
reduction. This implies the need to develop a set of policy measures which facilitates the achievement of these goals. Further, there are strong interest groups in the German society, which demand even more ambitious targets than the official ones. Irrespectively of what will be the actual
targets, it is clear that an ambitious renewable energy policy depends on the availability of storage
systems and/or flexible power production in a scale that currently does not exist.
The German renewable targets are part of an ambitious climate policy. Germany, being Europe’s
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largest emitter of greenhouse gases (GHG) with 960 Mt CO2, is meeting its Kyoto target within
the overall European target of 8 percent emission reduction by 2012 compared to 1990. Under
the Burden Sharing Agreement Germany has committed itself to cut CO2 emissions by 21 percent in the period 2008-2012 compared to 1990 levels. Germany’s self-imposed mid-term goal is
even more ambitious: to cut GHG emissions by 40 percent of the 1990 level by 2020. In July 2009,
Germany also agreed with G8 leaders on an 80 percent reduction target by 2050 in order to limit
global temperature rise to two degrees.
The electricity sector is the major contributor to Germany’s greenhouse gas emissions. In 2009,
electricity producers emitted 338.5 million tons CO2 – 43 percent of the total emissions.1 Therefore,
the power sector plays a key role in Germany’s efforts of reducing greenhouse gas emissions.

CLIMATE EFFECT OF INTERCONNECTORS
The issue of climate change has been neglected or underestimated in the Norwegian electricity
discourse for a long time because the hydro power is emissions free. There has been almost no
focus on the possibility to use the hydro power resources to reduce emissions in neighbor countries, even though this has been the case in the power exchange with Denmark since several years.
Some studies (Pöyry 2011)2 have even concluded that the climate effect of interconnectors to
Northern Europe would be negative in a short term perspective, as Norway would then export
clean power to the continent during day time, and import coal power at night.
In order to calculate a realistic estimate of the actual “climate effect” – i.e. actual emission reductions – of one or several interconnectors to Germany, one would have to establish certain scenarios for power production mix and storage alternatives in Norway and Germany. It would also
be necessary to calculate this climate effect for different years up to 2050, and not only for 2020.
The German Ministry of Environment and Nuclear Safety has estimated how much greenhouse
gas emissions that have been avoided so far as a result of renewable energy deployment in
Germany3. In 2010, the renewable energy production contributed to the reduction of 75 million
tons CO2 equivalents in the electricity sector, which corresponds to 1.5 times the total Norwegian
GHG emissions. This was with only 17 percent renewable power in the German electricity production. If the availability of several interconnectors between Norway and Germany would enable
Germany to increase its share of renewables in the electricity mix, it is obvious that the interconnectors would have a significant climate effect. In order to come up with a specific figure, it would
therefore be very interesting to look further into such a scenario in a later research project.

1 http://www.umweltbundesamt.de/emissionen/publikationen.htm
2 Pöyry (2011): Challenges for nordic power
3 BMU 2011: Erneuerbare Energien in Zahlen
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Deployment of the Norned cable. Norned, a 580 kilometre connection between Feda in Norway and Eemshaven in the Netherlands, is
the longest HVDC submarine power cable in the world. (Photo: ABB)
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Germany: A fossil based power system
At the heart of Germany’s energy policy, just as in many other European countries, is the
need to create a frame for the development of a future energy sector that will meet the
emerging challenges of energy security, competitiveness and climate change. What this
triangle actually means when set into action is a heavily disputed question among political parties, NGOs and the energy producers.

ELECTRICITY MIX AND PRODUCTION STRUCTURE
In 2010, Germany’s total electricity production was 624 TWh.4 The German electricity sector has
traditionally been characterized by the special dominance of coal, lignite nuclear power. Hard
coal and lignite together represented almost 45 percent of the fuel basis for the gross electricity production in 2009. Gas accounted for 13 percent; nuclear 22 percent, 16 percent came from
renewable energy sources, with the dominant renewable energy source being wind. Whilst the expansion of gas fuelled power generation is currently questionable due to high gas prices, import
dependencies and supply insecurities, coal and lignite are believed to play a major role in the medium term future energy mix of Germany, since they offer a cost effective source of secure energy
due to indigenous resources and large worldwide reserves.

Figure 1: Electricity production in Germany 2010, in percentage5

The German energy production has traditionally been dominated by four large companies, informally also called “the big four”. In 2008, EnBW, EON, RWE and Vattenfall were responsible for 86
percent of net energy production6. With increasing shares of renewables, this structure is slowly
changing, although these companies are also involved in the deployment of renewable energy.
Here, the large energy companies are above all involved in the construction of large off-shore
wind parks.
In 2011, there were 20 coal or lignite based power plants currently under construction or in detailed planning in Germany, due to start up in the period 2011 -2015. These plants will have a com4 http://www.bmwi.de/BMWi/Navigation/Energie/Statistik-und-Prognosen/Energiedaten/gesamtausgabe.html
5 www.bmwi.de
6 Energieszenarien 2010
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bined capacity of 22 GW and emit more than 135 million tons CO2 per year7. Clearly, the extensive
use of coal stands in contrast to Germany’s ambitious climate targets, which is the reason why
environmental organizations and groups demand the stop in construction of new plants and also
a rapid replacement of these plants with renewable energy. If lignite and coal fired power stations
are to remain in the energy mix until 2050, in line with the political targets in the energy concept,
the development of power stations with high efficiencies and CCS technologies seem inevitable.
At the same time, Germany is a unique country in the renewable context. It has gone through one
of the most remarkable developments when it comes to deployment of renewable energy during
the last 10 years. From a share of 6.4 percent (37 TWh) of total power production in 2000, the figure rose to 17 percent (103 TWh) in 2010. The installed capacity increased by almost 500 percent
from 12 GW to 56 GW in the same period. Of this, wind energy holds the largest share with 27 GW.
A major share of the new production is produced in smaller-scale and decentralized facilities. For
instance, most of the 17 GW Photovoltaic power installed by 2020 is private owned and installed
locally on buildings. According to calculations from the German Environmental Ministry, 118 million tons CO2 equivalents of greenhouse gas emissions in all sectors were avoided in 2010 due to
the renewable energy production8.
The increase in renewable energy actually surpassed the most ambitious scenarios for renewable energy deployment for the past decade. The explanation for this impressive development is
above all the famous “Erneuerbare Energien Gesetz (EEG)” – the renewable energy Act from 2000.
Through a feed-in system, the German Government has established favorable support conditions
for investing in and operating renewable power stations/units. Feed-in tariffs guarantee investors
a specific support per kWh produced for a certain time period. The size of the remuneration and
the duration of the support period depend on what technology is used. This makes it possible
to ensure a broad technology mix. Germany has promoted renewable energy with feed-in tariffs
since 1991. The EEG is designed such that the supply companies are obliged to purchase the RES
electricity and then pass the costs through to the consumers. The feed-in tariff for photovoltaic
units is the highest of all technologies with an average compensation of 47 ct/kWh in 2010 and a
total compensation (i.e. of the total PV electricity production) of 3.9 billion Euros.9 In 2011 the renewable fee on the electricity price for private customers rose from 2.047 ct/kWh in 2010 to 3.530
ct/kWh, which led to renewed debate about the burden of the EEG for consumers10. In 2009, the
total amount of the feed-in tariffs paid to the operators of renewable units accounted to 10.8 billion Euros11.
Other aspects that have influenced the renewable energy development in Germany is a comprehensive promotion of renewables with a lead market focus, external pressure deriving from
European and international commitments and finally; a positive cognitive environment towards
renewable energy in the society12.

7 Deutsche Umwelthilfe: „Kohlekraftwerksprojekte in Deutschland“, http://www.duh.de/1960.html
8 BMU (2011): Erneuerbare Energien in Zahlen
9 ZERO: Note that the Feed-in tarriffs for photovoltain power has been rapidly reduced to 18-24 ct/kWh. (March 2012)
10 www.erneuerbare-energien.de
11 IFNE (2010): Beschaffungsmehrkosten für Stromlieferanten durch das Erneuerbare-Energien-Gesetz 2009
12 Bechberger and Reiche (2006): Good Environmental Governance for Renewable Energies. The Example of Germany
- Lessons for China?
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ELECTRICITY GRIDS
In 2008, there were 1,783,209 km of electricity grids in Germany. Of this, 1,164,012 km was low
voltage, 507,210 km medium voltage and 111,987 km high voltage.
High voltage

medium voltage

low voltage

Total grid length

111,987 km

507,210 km

1,164,012 km

1,783,209 km

Table 1: Electricity grid in Germany 2008

Correspondingly to the four dominating electricity producers, there are also four main TSOs operating the German grid today. The four large companies used to own the major part of the electricity grid, but in line with the decisions in the EU energy directive, they were forced to release the
responsibility for the grids during 2008-2010. RWE and EnBW outsourced their grids to subsidiary companies, Amprion and ENBW transportnetze respectively, whereas Vattenfall and EON sold
their grids. The Dutch company TenneT took over the parts of the grids which used to belong to
EON, and Vattenfall’s former grid turned into the company 50 Herz Transmission, partly owned by
a Belgian and Australian company13.
According to the implementation of the EU directives, the TSOs were obliged to source out all
activities from their companies that concerned energy production or energy sales by 2007. One
consequence was the establishment of the Bundesnetzagentur (The Federal Network Agency) in
2005. The BNA has the task to control and keep the TSOs under surveillance. It ensures that all
citizens and consumer units have access to the electricity grid and also controls the grid fees that
are charged by the energy producers. It does not control prices for the end customers, which is the
responsibility of the regional state authorities14.
The renewable energy act prescribes that the TSOs are obliged to connect the renewable producing units to the electricity grid prior to other units irrespective of where the electricity is produced.
Further, the electricity produced in renewable units has precedence to be fed in to the grid. This
means that it periods with low electricity consumption in general and high production of renewable power, the base load production has to be taken off the grid. It also leads to very low or even
negative prices at the energy stock market15.

IMPORTS AND STORAGE CAPACITY
Germany is to a very large degree dependent on energy imports. In 2010, net energy imports accounted to over 70 percent. Germany is self-supplied in the renewable energies and lignite based
energy production. For the other sources, import dependency is respectively 100 percent for uranium, 98 percent for oil, 82 percent for natural gas and 77 percent for hard coal16. This implies that
almost 80 percent of the primary energy consumption is imported, as illustrated in figure 2. The
largest oil and gas imports comes from Russia, which delivers 36 percent of the oil and 34 percent
of the gas, followed by Norway with respectively 10 percent and 33 percent.

13 Energieszenarien
14 http://www.verivox.de/ratgeber/die-stromnetze-in-deutschland-25551.aspx?p=4
15 http://www.bmwi.de/BMWi/Navigation/Energie/Energietraeger/netze,did=375544.html?view=renderPrint
16 http://www.bmwi.de/BMWi/Navigation/Energie/Statistik-und-Prognosen/Energiedaten/energiegewinnung-energieverbrauch.html
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Figure 2: Primary energy consumption in Germany 2010, source: BMWi (2012)17

The renewable energies are currently contributing to increase Germany’s independency of expensive energy imports. In 2010, renewable energy production replaced fossil energy imports to the
value of 7.4 billion Euros, up from 6 billion in 2009 (BEE, 2010).18
In 2011, Germany became an electricity importer – after several years as a net electricity exporter.
Net imports in 2011 accounted to 4 TWh19. The main reason for this was the short term closing of
eight nuclear power stations after the Fukushima accident in March 2011. In 2010, net exports
were 14 TWh.
The storage capacity for electricity in Germany as of today is very limited. There exist 30 hydro
power pump storage stations with a total capacity of 6.8 GW. When the magazines are fully loaded, they can run for 4-8 hours and produce a total of 0.04 TWh.20

POLITICAL TARGETS FOR ENERGY PRODUCTION
As one of the core EU member states, Germany on the one hand has to align their policy with the
EU’s. On the other hand, they also have a conspicuous influence on EU’s decision. For the time being, the German politician Günther Oettinger is the European Commissioner for Energy.
The European energy and climate package, which was first presented in January 2007 under the
German EU-presidency and passed by the European Parliament and Council in December 2008,
focuses on three major policy areas: greenhouse gas emissions, renewable energy and energy ef17 http://www.bmwi.de/BMWi/Navigation/Energie/Statistik-und-Prognosen/Energiedaten/energiegewinnung-energieverbrauch.html
18 http://www.bee-ev.de/3:662/Meldungen/2011/Erneuerbare-Energien-2011-Energieimporte-in-Hoehe-von-7.4-MrdEuro-vermieden.html
19 http://www.finanznachrichten.de/nachrichten-2012-01/22437698-deutschland-2011-erstmals-netto-stromimporteur-003.htm [17.02.2012]
20 http://www.focus.de/wissen/wissenschaft/klima/prognosen/tid-21910/zukunft-der-energie-deutschland-hatwenig-natuerliche-speicherkapazitaet_aid_616276.html
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ficiency. Correspondingly the package contains the so-called 20-20-20 for the year 2020: cutting
greenhouse gases by at least 20 percent of 1990 levels by 2020, increasing use of renewables to 20
percent of total energy production by 2020 and cutting energy consumption by 20 percent of projected 2020 levels - by improving energy efficiency targets for renewable energy.
These are overall targets for the whole European region. The renewable targets for each member
state have been negotiated individually with the respective delegations. The EU has also adopted
the emission reduction target of 80-95 percent by 2050, which has been stated by the IPCC as necessary to avoid dangerous climate change.
The German climate policy is more ambitious than the EU targets with its 40 percent reduction target by 2020, as the German Government has the vision of being a forerunner country in climate
policy. In the Energy Concept from September 2010, the Government has set up long-term scenarios
for how both the energy and electricity production structure can and should look like in the future.
The targets reach from 2020 until 2050 and are linked both to climate and industry policy.
The climate and renewable policy is partly driven and backed by a strong environmental movement
within the country. Illustrative for this is among others the position of the German Green Party, one
of the most successful Green Parties in Europe and part of the coalition government with the labor
party (SPD) from 2000-2005. In 2010-2011, the Green Party has achieved very good results in several state elections and has achieved its first Prime Minister in the state of Baden-Württemberg. The
environmental movement has above all been decisive in the struggle about shutting down nuclear
power plants, which eventually led to the “Atomausstieg” adopted by the Government in 2000. This
vote was overruled by the present Government in September 2010, but Chancellor Merkel eventually had to do a turnabout after huge protests following the Fukushima accident as described in the
chapter on nuclear power below.
The environmental movement – including environmental organizations, parties, activists, citizens’
initiatives (Bürgerinitiative), journalists and research institutes – has also been important in the
struggle for more renewable energy. The question about how much renewable energy that can actually be implemented in Germany and under which conditions is still heavily disputed.

RENEWABLE TARGETS
In September 2010, the German Government launched the “Energy Concept”, a comprehensive
document which describes concrete targets for the official energy policy until 2050. According to
this concept, GHG emissions shall decrease steadily from 40 percent in 2020 to 80-95 percent in
2050, in line with the recommendations from the IPCC and the G8 declaration (BR 2010)21.
The share of renewable energies in the gross final energy consumption is set to 18 percent in
2020. This is the same target which has been negotiated within the EU and listed in the national
allocation plan according to the European Community Directive 2009/28/EG22. After 2020, the proportion of renewable energies of total energy consumption will increase steadily to 30 percent by
2030, 45 percent by 2040 and 60 percent by 2050. For the electricity supply, the renewable share
will be much higher. The national allocation plan expects 38.6 percent renewable electricity of the
total electricity mix in 202023. In the Energy Concept, the Government aims at reaching 50 percent

21 Bundesregierung 2010: Energiekonzept
22 Bundesregierung (2010): Nationaler Aktionsplan für erneuerbare Energie gemäß der Richtlinie 2009/28/EG zur
örderung der Nutzung von Energie aus erneuerbaren Quellen
23 Ibid.
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by 2030, 65 percent by 2040 and 80 percent by 2050 (BR 2010)24. Still, the major share of the environmental movement is not satisfied with this: They demand 100 percent renewable electricity
supply by 2050 – at the latest. The official targets are combined with remarkable efforts within
energy efficiency. Compared with 2008, the Government aims at reducing the total electricity
consumption by around 10 percent by 2020 and 25 percent by 2050.
When it comes to energy efficiency, the ambition is to reduce the overall primary energy consumption with 20 percent by 2020 compared to 2008, and by as much as 50 percent by 2050.
This calls for an annual average gain in energy productivity of 2.1 percent, based on final energy
consumption. The building renovation rate will need to double from the current figure of less than
1 percent a year to 2 percent of the total building stock. In the transport sector, final energy consumption is to fall by about 10 percent by 2020 and by about 4 percent by 2050, the baseline in
this case being 2005.
The Energy Concept is partly based on calculations carried out for the study “the energy scenarios”
(Energieszenarien), which are elaborated on in more detail in chapter 6. The energy scenarios project that wind energy will play a key role in electricity generation in 2050. This calls for a massive
expansion of onshore and offshore wind power capacity. Crucial for this development is the expansion of German and European grids. The energy scenarios expect that Germany will depend
on considerable imports of electricity in a European electricity market, but at certain times have
considerable exports as well.
To what extent Germany remains a country of electricity production is uncertain and will depend
largely on the framework conditions. The Government states that it “will design these [conditions]
in such a way that the existing potential for innovation, growth and employment is utilized […]
and secure that in a long term perspective there will be a high share of national value creation in
the energy sectors at competitive prices” (BR 2010)25.
According to the energy concept, the expansion of renewable energy poses several challenges for
the energy supply system as a whole; old conventional sources, renewable sources, grids, storage
and the relationship between them requires optimization.
In December 2011, the Bundesnetzagentur published three different scenarios with new official
figures for power production until 202226. These scenarios will function as the official targets for
installed capacity differentiated by production source and be the basis for the projections for the
required grid construction in Germany until 2022. The required grid construction will be published
in the national grid development plan, which is going to be released by the main national TSOs
during 2012. The main scenario (Leitszenario B) for installed production capacity, is more ambitious when it comes to deployment of renewable energy than the energy scenarios. This will be
commented on in the next chapter.

NUCLEAR POWER
With the launching of the Energy Concept in fall 2010, the government also presented its decision to extend of the operating time of the German nuclear power plants. This abruptly set the
enactment of 2001 to end all nuclear power production in Germany within 2020 out of effect. The
Energy Concept proposed a postponement of the closing date by up to 14 years compared to the

24 Bundesregierung 2010: Energiekonzept
25 Ibid.
26 http://www.bundesnetzagentur.de/cln_1932/SharedDocs/Pressemitteilungen/DE/2011/111207SzenariorahmenPr
essKonf.html?nn=65116
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enactment from 2001. The undemocratic way of changing previous legislation led to very harmful reactions and huge protest throughout widespread parts of the German population. After the
nuclear accident in Fukushima in March 2011, the Government experienced an enormous pressure to rethink their nuclear policy. Chancellor Merkel responded to this by establishing an “Ethical
Committee” (Ethikkommission), which had the mandate to evaluate the risks of nuclear power and
also of other energy sources in general.
In May 2011, the Ethical Committee which was composed of former politicians, scientists, economy experts and represents from the church, presented the results from their two months of work.
In a document called “Deutschlands Energiewende - Ein Gemeinschaftswerk für die Zukunft”, they
concluded that the closing of the German nuclear power stations was feasible within the next 10
years. The Ethical Committee assesses the end of nuclear power production to be necessary in order to eliminate the risks that is connected to power production in nuclear power stations. Further,
they recommend that the closing down is organized so that the competitiveness of industry and
economy is not endangered. The nuclear power can be replaced through renewable energy, energy efficiency and fossil energy. Change in lifestyle is also considered to give a contribution to
energy savings27.
Following the recommendations from the Ethical Committee, the Government rapidly implemented the “Energiewende” (The major energy turnabout) during summer 2011. It decided to
take eight nuclear power stations out of production immediately. The remaining nine power stations will be taken off the grid between 2015 and 2022. In addition, several amendments in the
energy policy legislation were carried out through the establishment of eight new laws. The most
important ones concern increased deployment of renewable energy, electricity grids and energy
efficiency.
The closing of nuclear implies that Germany will phase out almost 140 TWh or more than 20 percent of gross power production during the next 10 years. This power, which used to be part of the
country’s base load, must be replaced by alternative sources. If renewable sources shall take the
place of the nuclear power, new balancing power and storage units will have to be introduced
into the German power system. We find it interesting to study in more detail what role Norwegian
hydro power can play in this development.

GRID TARGETS
In order to meet the large changes in the electricity system, grid improvements and deployment
will also be necessary. In the Energy Concept, the Government sees the need for the planning of
a German overlay grid (“electricity highways”), which will in turn be integrated into an interconnected European grid. During 2012, the Government will present a grid concept, called “Zielnetz
2050”, incorporating both the existing grid and the necessary expansion defined by the Power
Grid Expansion Act, in order to assess the required additional infrastructure for the future28. In this
context, the TSOs will be obliged to develop a common grid development plan for the next 10
years ahead, as mentioned earlier in this chapter 29.
There are no official targets yet for how much new and upgraded grid will be required in order
to enable the foreseen renewable energy deployment until 2050. There is nevertheless a common understanding that remarkable amounts will be necessary. The German Energy Agency,
dena, has developed two grid studies, “dena I” and “dena II”, which calculates the necessary grid
27 Die Ethik-kommission Sichere Energieversorgung (2011): Deutschlands Energiewende – Ein Gemeinschaftswerk für
die Zukunft
28 Bundesregierung (2010): Energiekonzept
29 http://www.bmu.de/energiewende/beschluesse_und_massnahmen/doc/46503.php
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for 2020/2025. They conclude that more than 4500 km new power lines must be constructed in
order to integrate the targeted 35 – 40 percent renewable energy in the national grid. Dena is
partly financed from the Government, but their study does not represent the official Government
position on the topic. The study has been heavily criticized from environmental organizations and
scientists for exaggerating the required grid amount, and hence influencing the public opinion
about the feasibility of renewable energy deployment in a negative way. We will come back to this
in the next chapters.

STORAGE TARGETS
In the Energy Concept, the government recognizes that it is necessary to expand storage capacity
to meet the renewable energy deployment. How much capacity, what kind of storage and where
these resources shall be established remain uncertain. The Government wants to tap all the available potential in Germany for pumped storage hydroelectricity and also to examine options to
use storage potential abroad, especially in Norway. For the enhanced use of biomass for storage
purposes, the Government intends to conduct a swift investigation of possible investment incentives that can enhance the targeted generation and feed-in of power from biomass in order to
counterbalance fluctuations in wind and solar energy. At the same time, other storage options will
be explored and developed30.

30 Bundesregierung (2010): Energiekonzept
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Expectations and conditions for a
renewable Germany towards 2050
The next chapters will present different views on the potential for a 100 percent renewable electricity supply in Germany. The basis for this assessment is both the study of existing studies as well as information gathered in interviews and conversations with different
stakeholders.
There exist a variety of different studies, which aims at estimating the potentials for the future
electricity production in Germany from 2010 until 2050. In this report, we will not carry out an
exhaustive analysis of the whole specter of studies and compare their different results. Instead, we
are going to highlight the major results from what we consider to be among the most central studies. Further, the calculations behind them are carried out by different research institutes, which implies that there are different models for the power system behind the calculations. The four studies
considered here are “The energy scenarios”, “Ways to 100 percent renewables”, “Blueprint Germany
2050” and “Klimaschutz: Plan B 2050”. We will nevertheless also comment on other studies where
we consider this necessary.
It is necessary to mention that the energy scenarios differ substantially from the other studies, as
it does not start out with the target of 100% renewable electricity supply, which is the case for the
other three studies.

THE ELECTRICITY STUDIES
There are several different studies on German energy scenarios.

The energy scenarios
The energy scenarios are not official policy scenarios for the German Government, but they were
developed as a basis for the Energy Concept, which was presented 28 September 2010 (see chapter 4). This can also be deviated from the title of the study: “Energy scenarios for an energy concept
for the German Government”. The scenarios are the result of the work of three German institutes:
EWI, Prognos and GWS. The assumptions for the scenarios were developed in a continuous process between the Government as represented by the Ministry for Economic Affairs (BMWi) and the
Ministry for the Environment (BMU) – and the three institutes. The calculations behind the four
scenarios can therefore be considered as the fundament for the numbers and targets that was
presented in the energy concept.
The Energy scenarios and the Energy Concept’s basis assumptions are emissions reduction targets
and targets for increasing the share of renewable energy in the electricity and final energy portfolio. A further assumption is that the CCS technology will be available and market-ready from
2025. One obvious criticism against the energy scenarios was that they were considering different
options for extending the operation time of the nuclear power plants. The scenarios were hence
assuming a later closing of the nuclear plants, which was also announced in the Energy Concept –
but withdrawn again a few months later. We shall therefore only consider the scenario I A, as this is
the scenario which is closest to the present situation as it assumes nuclear power production until
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202431. This is only two years later than the existing decision to phase out nuclear energy by 2022.

Pathways towards a 100 percent renewable electricity system
This study was prepared by The German Advisory Council on the Environment (SRU) in 2011.
Founded in 1971 to advise the German government, the SRU is politically independent and interdisciplinary. The members of the Council are appointed by the German government for a four-year
period, but the council is independent to determine the focus and scope of its reports.
The 100 percent renewable- study has become quite famous in the energy debate in Germany
and has also received quite a lot of attention internationally because of its conspicuous findings.
The purpose of the study was somewhat different from the energy scenarios and from most energy scenarios. It starts out with the overall target: 100 percent renewable electricity supply by 2050,
and then looks at what it considers to be required in order to reach this target.
The SRU-team has calculated eight different scenarios. They differ in their frame conditions for the
final amount of the German electricity consumption in 2050, and in the possibility for an electricity exchange with neighbor countries. We have chosen to give a short description of the scenarios
1.a and 2.1a. The first is a scenario without imports and power exchange. The latter allows for 15
percent imports from Denmark and Norway, as well as an exchange corresponding to 15 percent
of yearly production. Both foresee a total electricity consumption of 500 TWh/a in 2050. The SRU
itself conceive the 2.1a as a realistic estimate of how the German electricity supply could develop
in the future, and is therefore the core of the analysis made in the study. Even though the SRU also
has calculated a 100 percent nationally scenario, the SRU presumes that “the cooperation with
Norway and other Scandinavian countries is highly likely going to be necessary”.

Blueprint Germany 2050
The Blueprint Germany 2050 is WWF’s comprehensive study of how Germany can reach its emission reduction targets by 2050 and what implications this would have for the electricity production. They have thus calculated two scenarios for the power supply in the given period, one with
and one without the option of large-scale use of the carbon capture and storage technology. The
study was prepared by Öko-Institut and Prognos in 2009.

Klimaschutz: Plan B 2050
The Plan B 2050-study was commissioned by Greenpeace and developed by EUtech in 2009. It
foresees an early phase-out of nuclear power in 2015 and no use of CCS. Almost the total energy
demand is covered by renewable energies by 2050.

GERMANY’S FUTURE SHARE OF RENEWABLE ELECTRICITY
The four studies differ not only in their estimates of the renewable share in the electricity mix, but
also in the distribution of renewable technologies. In 2050, total electricity demand is very differently estimated: The Energy Scenarios presumes 400 TWh, the SRU 509 TWh, Blueprint Germany
330 TWh and the greenpeace-study 465 TWh. The technology distribution is described in the tables below.

31 The difference to scenario I B is negligible, because the difference between scenario A and B is exclusively made out
by different assumptions for the costs of retrofitting the nuclear power stations.
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The energy scenarios
Scenario IA in the energy scenarios finds that 80 percent of a total electricity production of 337
TWh can be renewable in 2050. The study assumes a remarkable decline in electricity production
from 2020 until 2050. Energy productivity (economic performance related to energy input) is assumed to increase by 2.5 percent each year in the given period.
2008

2020

2030

2040

2050

Renewable energy

92,3

203,5

245,3

271,4

269,4

Wind onshore

40,4

68,0

73,0

74,0

55,6

Wind offshore

0

34

62

83

98

PV

4,4

31,0

36,0

38,0

39,0

Biomass

27,2

37,0

40,0

41,0

41,0

Hydro (floating and storage)

20,3

25,1

25,1

25,1

24,4

Geothermal

0

2,0

3,0

4,0

5,0

Total electricity production

637,3

574,5

466,7

396,5

337,0

Table 2: The share of renewable energy of the final electricity production in TWh, scenario I A

32

The net electricity demand in Germany decreases from 537.7 TWh in 2008 to 495.9 TWh in 2020
and ends up at 409.7 TWh in 2050. An increased share of electro cars is overcompensated by the
reduced electricity demand in industry, private households and the service sector.
2020

2030

2040

2050

Nuclear

12,1

4,0

0

0

Hard coal

24,0

19,4

23,0

25,8

Lignite

21,4

11,8

6,6

1,3

Natural Gas

22,4

36,7

25,7

20,1

Renewable energy

90,0

101,2

108,9

113,9

Wind onshore

33,3

33,7

35,2

36,4

Wind offshore

10,1

16,3

21,0

24,5

PV

33,3

37,5

38,8

39,0

Biomass

5,7

6,0

6,0

6,0

Hydro

5,6

5,6

5,6

5,6

Geothermal

0,3

0,4

0,6

0,7

Total capacity

181,9

183,7

171,1

161,9

Table 3: Electricity production capacity by sources in GW, scenario I A

Because of the lower operation capacity of most of the renewable energy, the installed capacity actually increases until 2030, despite the remarkable decrease in total production. After 2030,
there is a slight decrease also in installed capacity.
The expected volume of investment is in the order of magnitude of some 20 billion euros a year.
To implement the Energy Concept, the authors suggest establishing a new special “energy and
climate fund”, in order to cover the additional funding required, with an economic plan being
drawn up each year. Payments by power plant operators will make a fundamental contribution to
this fund. From 2013, this will be supplemented by the additional revenues from auctioning emis-

32 Prognos/EWI/GWS 2010
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sion allowances that exceed the sums already specified in the framework of financial planning.
Furthermore, the relevant budget allocations will also apply.
Even though the Energy Scenarios is the study that lies behind the Energy Concept, the official
Government position, the Federal Environmental Agency (UBA) calculated their own scenarios for
a shift to renewable electricity. UBA finds that the power generation by 2050 can be based on
renewables to 100 percent, and that there will be no threat for security of supply. The calculations
also show that it requires remarkable expansion of production units, storage and grids.

Pathways towards a 100 percent renewable electricity system
The first scenario describes a situation where Germany produces the total electricity supply nationally and no import/export is allowed. Among the most important findings, we see that according to SRU, a 100 percent renewable national electricity production is feasible in 2050. It is
by the SRU characterized as a “theoretical option”. This is nevertheless far more expensive than if
a regional exchange system with Denmark and Norway is established. The main reason for this is
that it implies a much higher installed capacity in order to ensure security of supply; 230 GW in 1.a
against 163 GW in 2.1.a. By comparison, installed capacity in Germany in 2005 was 126 GW.
1.a:
capacity
(GW)

1.a:
production
(TWh)

2.1.a:
capacity
(GW)

2.1.a:
production
(TWh)

Wind onshore

33,1

76,0

39,5

90,6

Wind offshore

73,2

316,9

73,2

316,9

PV

85,9

87,9

40,9

41,9

Biomass/gas

33,4

71,1

4,9

34,2

Hydro

4,5

27,6

4,4

27,6

Geothermal

0

0

0

0

Sum

230

579,5

162,9

511,2

Pump storage – storage

0,5

1,2

1,2

1,0

Pump storage – production

0,5

1,0

1,2

0,8

Compressed air energy storage

32

50,5

18,1

5,7

Compressed air energy storage production

32

33,5

18,1

4,3

Reimports of electricity

0

0

0

76,4

Table 4: The scenario 1.a and 2.1.a: Total production in TWh and installed capacity in GW, in 2050

The lower capacity in 2.1.a does not lead to a corresponding reduction in the production, which
means that the installed productions units have higher annual capacity factors in 2.1.a than in the
first scenario (2.5 to 3.1). Further, the need for overproduction is reduced in 2.1.a. The overproduction in 1.a is first of all used in the air pressure storage units, where more than 50 TWh is stored
during one year. In 2.1.a, this is reduced to 18 TWh. Instead, large amounts of electricity are here
exported to Denmark/Norway in periods with overproduction, and stored in Norway’s large hydro
storage magazines. This is reimported in seasons when Germany lacks renewable production. The
reimports are estimated to 76 TWh. This corresponds to almost the total storage potential of the
Norwegian hydro power magazines, and equates to 60 percent of the total electricity production
in Norway (2010).
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The larger capacity in 1.a is mainly distributed between bio and PV. The national scenario 1.a contains a remarkably higher share of PV: 88 TWh against 42 TWh in the regional system 2.1.a. Also the
production of biomass and biogas is halved in the regional scenario.
The calculated costs for the two scenarios amounts to 46 billion €/year or 9.0 CT/kWh for the national scenario 1.a, and 36 billion €/year or 5,1 ct/kWh for the regional system 2.1.a.

Blueprint Germany
WWFs study is not primarily occupied with estimating the development of renewable energy in
Germany up to 2050. They use the estimates in the “Leitstudie 2008” by DLR33, which assumes a
total of 472.4 TWh available electricity from renewable sources by 2050, of which 351.4 TWh are
nationally produced. Final electricity consumption is somewhat lower; 330 TWh in 2050.
WWF has made one modification from projections in DLR (2008), which is to reduce the amount of
electricity from biomass by 2050 from 53.8 TWh to 41.3 TWh.
The study presents an innovation scenario which is an ambitious scenario with large emission reductions and remarkable deployment of renewable energies. There are two versions of this scenario: One with and one without CCS. In the CCS-scenario the CCS technology will be available
from 2025. Among the important assumptions for this scenario is the development of high efficiency batteries for the use in electric vehicles and for balancing of power production, as well as
the development of electric cars. Further, they assume improved technologies for PV and biofuel
production.
The amount of renewable energies in the innovation scenario both with and without CCS is drawn
from the DLR 2008- study.
2005

2020

2030

2040

2050

Renewable energy

60

339

Wind total

27.2

87,2

142,2

186,7

209.3

Wind offshore

-

33,7

84,1

123

142,4

PV

1.2

15,5

21,9

25,3

27.7

Biomass

12

46,2

44,7

41,3

41.3

Hydro (floating and storage)

19.6

24,3

24,6

24,8

24.8

Geothermal

-

1,8

6,0

14,7

35.7

Net electricity production

583

485

428

403

405

Table 5: Net Electricity production in the innovation scenario without CCS 2005- 2050, in TWh

33 DLR (2008): Leitstudie 2008
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2005

2020

2030

2040

2050

Nuclear

19,9

4,1

0

0

0

Hard coal

27,9

28,1

14,7

7,5

0

Lignite

20,8

16,8

11,4

9,7

0

Natural Gas

19,6

22,6

23,9

23,0

19,8

Renewable en.

27.1

Wind onshore

18.4

28,1

28,9

31,9

33.4

Wind offshore

-

10,0

23,2

33,5

37.6

PV

1.9

17,9

24,0

27,1

29.0

Biomass

2.2

7,1

6,9

6,7

6.7

Hydro

4.6

5,1

5,2

5,2

5.2

Geothermal

-

0,3

0,9

2,1

5,1

Total capacity

125,9

147,2

150,3

162,1

157,3

117.0

Table 6: Installed capacity in the innovation scenario without CCS 2005- 2050, in GW

Klimaschutz: Plan B 2050
The Greenpeace-scenario presumes a very high potential for geothermal energy, much higher
than all the other scenarios. The total share of this energy is foreseen for usage in combined heat
and power stations (CPHs). This is also true for the biomass energy. In 2050, power production
from CPHs is estimated to 140 TWh, of which 93 TWh is geothermal energy and 45 TWh derives
from biomass.

2007

2020

2030

2040

2050

Renewable energy

174

257

340

468

Wind total

100

160

213

255

Wind offshore

35

85

130

165

PV

20

30

40

50

Biomass

25

27

35

45

Hydro (floating and storage)

24

25

25

25

Geothermal

5

60

37

93

466

446

446

465

Net electricity demand

529

Table 7: Electricity production in Germany 2020 – 2050, in Twh

It is interesting to notice that the Greenpeace scenario operates with considerable lower estimates
for wind energy and PV than SRUs 1.a, which is the only other 100 percent renewable scenario
which assumes national production (and storage). SRU foresees the need for almost 400 TWh wind
against Greenpeace’s 255 TWh. SRU also need almost 90 TWh PV, 40 TWh more than Greenpeace.
The reason for this is on the one hand, that net electricity demand in the Greenpeace scenario lays
40 TWh below SRU. On the other hand, SRU calculates an overproduction for storage and fluctuation purposes.
The Plan B does not say anything about required storage measures, nor does it give any numbers
for the installed effect of renewable power capacity, which will be necessary in order to deliver the
calculated electricity amount. The Plan B therefore operates with a one-to-one production and demand of renewable energy. The question about what will happen if the 305 TWh fluctuating wind
and solar energy does not occur at the time as the consumer’s need for it remains uncommented.
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IMPORTS OF ELECTRICITY
The Energy Scenarios assume a European electricity market by 2050. The energy scenarios therefore show considerable import rates between 94 and 143 TWh (between 22 percent and 31 percent of total demand). In the scenario considered here (I A), there will be a net import of 103 TWh
in 2050. In 2008, Germany was a net exporter of electricity with 22 TWh.
The Energy Scenarios also assume a remarkable establishment of interconnectors, both from
the European continent to Scandinavia and the UK and from southern to the middle of Europe.
Between Denmark and Norway, they presume between 2500 and 4000 MW new capacity. Also
between Germany and Sweden 2500-4000 MW new capacity is estimated, and at least 1500 MW
between Germany and Denmark. In total, the scenarios assume that the cross-border transmission
capacity will increase by 250 percent. Not all of this electricity will be renewable.
The import rates are presumed to develop as described in the table below.
2008

2020

2030

2040

2050

- 22,5 (export)

- 22,4 (export)

38,9 (17,9 RES)

76,3 (43,3 RES)

102,1 (66,9 RES)

Table 8: German import rates in the Energy Scenarios, scenario IA in TWh, renewable share in brackets

The high import rates shall contribute to a cost-efficient achievement of the climate targets, as the
Energy Scenarios presumes that there will be cheaper renewable production abroad.
It has been commented that the Energy Scenarios actually replace the need for storage of electricity through a balancing in the electricity grids, and that this balancing will take place across
the European borders. This would be enough to balance supply-demand discrepancies in an 80
percent renewable power system in Germany. The Energy Scenarios further assume that an “optimized European balancing” of the electricity is cheaper than the establishment of storage systems.
The SRU-study has carried out the most detailed calculations of the role electricity imports and
storage in a 100 percent renewable electricity system. As mentioned earlier, they have calculated
different scenarios, which allows for different import shares. We shall here comment on scenario
2.1.a, as this is the one considered most realistic by the SRU. This is also the scenario that allows
for a power exchange with Norway and Denmark, but where 100 percent of the production takes
place nationally.
In 2.1.a, there is a high level of exchange of electricity between the three countries, which takes
place with very short intervals. As much as 76 TWh is exported, stored and then reimported during
one year. The high shares of wind power plants in Germany leads to high productions peaks on
some days, when the electricity is exported. The next day or week, the exported excess energy is
reimported to compensate for lack of production on days with less production in Germany. Figure
2 from the SRU shows that daily exports/imports can be as much as 40 GW on several days in the
month of March. The SRU models find that a maximum capacity of 50 GW in- and output is required for scenario 2.1.a.
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Figure 3: German capacity load in typical March, by source (export and import included)34

Blueprint Germany estimates a limited net import in their innovation scenario with CCS. The estimate is a residual figure resulting from demand, development of renewables and development of
gas-fired and storage power plants needed to regulate electricity. These imports are assumed to
derive exclusively from renewable sources.
2008

2020

2030

2040

2050

- 22,5 (export)

0

15

33

48

Table 9: Net imports in Germany, 2008 - 2050 in TWh (Blueprint Germany)

Greenpeace’s Plan B 2050 has calculated a nationally closed balance of power generation and consumption in Germany. This means that the total amount of electricity consumed in Germany is
produced in German power plants and that emission reductions take place within the country.
However, an international electricity trade is not excluded, provided that the import-export rate
remains balanced. The study does not estimate any figures for import / export rates, nor do they
say to which countries the trade will take place. They mention the large potential for PV deployment in North-Africa, but these potentials are not part of the model calculations.

ENERGY STORAGE
In the Energy Scenarios, it is recognized that the energy use of storage entities increases as a result
of deployment of wind energy and PV. The scenarios also discuss peak load technologies and demand side management as options to meet fluctuating renewable capacity.
As the energy scenarios allows for the use of fossil energy, the authors nevertheless foresee that
the flexible production of wind and solar is regulated by the availability of gas power plants. These
gas power plants will only be in operation for a low number of hours per year, and are characterized by low investment costs and high variable costs. Even though fossil fuels will have only 20
34 SRU (2011): Pathways towards a 100 percent renewable electricity system
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percent of the production, 29 percent of installed capacity is in fossil power plants (27 GW coal
and 20 GW gas). Especially in the scenario I A gas has an outstanding role: gas is the most important non-renewable power producer with a share of 44 percent of the total non-renewable production capacity in 2030. Demand side management is supposed to contribute with 2.6-3.2 GW to
securing peak load in the long term.
In the SRU-study, different storage options are described in detail. The study concludes that a 100
percent renewable electricity supply in Germany requires storage technologies with large storage
capacity for the purpose of balancing daily, weekly and yearly electricity loads. Hence, the following technologies are taken into account: pump storage, compressed air energy storage, chemical
storage (i.e. hydrogen) and electrochemical storage with batteries.
The SRU study considers that German renewable electricity output could in a first step be used
to cover parts of Norway’s electricity demand and thus replace hydro power plant operation. The
consequent dormant water volumes could be used later to export electricity to Germany. The
long term minimum load that would be available for this arrangement in the Norwegian supply
zone is at least 7 GW (SRU 2011). This is an arrangement, which could begin immediately insofar as
German renewable electricity generation peaks exceed domestic demand and the requisite transmission capacity has been installed.
Germany can currently interchange approximately 1.5 GW of capacity with Norway, via Denmark.
Another 1.4-2.8 GW is currently in planning. In order to facilitate for 50 GW of available load in
the Norwegian system reduction to be fully used, the SRU estimates that transmission capacity
amounting to approximately 45 GW above and beyond the foregoing capacity would need to be
installed between Norway and Germany. Further, they foresee expansion of Norwegian turbine
capacity:
“To obtain the approximately 50 GW input and output capacity required for scenario 2.1.a, the turbine capacity of Norwegian power plants (currently 22 GW) would have to be expanded, apart from
stepping up pumping capacity. This would necessitate the construction of additional inflow tunnels, pressure shafts, pumps and turbines whose realization would necessitate long term planning
and sufficiently long lead times. According to our calculations, these expansion projects could be
completed more rapidly than the counterpart North Sea transmission line build-out or installation
of high voltage line capacity from the German North Sea coast to German centers of electricity consumption. These relatively short lead and planning phases are mainly attributable to the fact that
no new storage lakes would have to be created and that most of the construction work would take
place underground (excavating pump/turbine tunnels and caverns).” (SRU 2011)
According to SRU’s analysis, the concern that Norwegian reservoir capacity is too low to compensate for shortfalls in German renewable electricity generation is unfounded. Instead, they argue
that Norwegian hydro power would match extremely well with German renewable electricity
generation.
The SRU also admits that scenario group 2 involving a German-Danish-Norwegian network is an
idealized case; as it is highly likely that other European states that plan to expand their renewable
electricity use would also want to take advantage of this potential. Still, other European states
such as France, Austria, Switzerland, Italy and Spain also have considerable storage hydroelectric
power station capacity. Thus, the SRU assumes that there would be no storage capacity shortfall if
the requisite capacity conversions are carried out.
The Blueprint Germany study recognizes that the great expansion of power generation from
fluctuating renewable sources will pose special challenges for the expansion of storage capacity as the need for balancing power rises. At the same time, the potential for pumped storage in
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Germany is as good as exhausted. According to the authors, there must be made use of alternative
storage techniques, like for instance compressed-air storage. In the innovation scenario without
CCS, the authors calculate an increased demand for storage capacity in Germany from 5.4 GW in
2005 to 20.4 GW in 2050. This produced power from storage systems is estimated to 54.7 TWh in
2050. The storage units will take a main position in balancing the fluctuating renewable electricity
production. Their share of net power generation will grow from 1.2 percent to 13.5 percent. Table
10 shows its estimates for how much electricity that will be consumed – i.e. “lost” – in German storage systems from 2005-2050 in the innovation scenario without CCS.
2005

2020

2030

2040

2050

11

21

35

56

90

Table 10: Electricity consumption in storage units 2005 – 2050, in TWh

Blueprint Germany hence operates with a net power consumption of 453 TWh, but a final electricity consumption of only 330 TWh in 2050. As much as 90 TWh is lost in storage systems, 25 TWh
are losses in the grid and 8 TWh is lost in conversion of voltage. The Greenpeace scenario does not
treat electricity storage as a separate topic. Their focus is on production of renewable, which they
conceive as sufficient to meet electricity demand in 2050. They nevertheless describe the fluctuating PV production as a “large plus” because the peak loads in the grid merges with the maximum
solar supply. The study expects that “different heating-storage-systems will make it possible to run
the solar power stations continuously in close future”.

ELECTRICITY GRIDS
The Energy Scenarios presumes the strengthening of a European Power market in all scenarios.
This preconditions a substantial deployment of power grids in Germany as well as transnationally.
As much as a triplication of both national and transnational interconnectors will be necessary by
2050. The expanded grid will facilitate for the considerable amounts of electricity imports, commented on above.
The anticipated grid expansion goes far beyond the existing plans for grid constructions. It would
require enhanced efforts in European coordination, planning, approval and execution of concrete
measures. It also implies acceptance for new grids among the local population.
If the grid will not be accordingly expanded, electricity demand in the large German consumption
areas will have to be met through other means than cheap renewable electricity from abroad. The
Energy Scenarios here suggests the options of nuclear energy (which is now extremely unlikely),
domestic renewable electricity or fossil generation with carbon capture and storage.
The SRU has in “Pathways towards a 100 percent renewable electricity system” excluded the costs
of grid expansion within Germany from their computations of mean conventional and renewable
electricity generation costs.
In SRUs scenarios, offshore wind power is going to be Germany’s main source of renewable electricity in the coming years from a technical and economic standpoint. Of Germany’s 509 TWh electricity demand in 2050, offshore wind farms account for nearly 320 TWh, with the main generation
capacity located at a considerable distance from the electricity demand centers in western and
southern Germany. In addition, a large proportion of Germany’s onshore wind energy capacity is
located in the northern coastal region (56-90 TWh/a).
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SRU therefore perceives large scale transmission capacity expansion between Germany’s North
Sea coastal region and the electricity demand centers in western, central and southern Germany
is urgently needed.
The SRU regrets that “none of the current plans and government studies (DENA 2010) goes far
enough in terms of their timelines and the scope of wind energy capacity expansion, with the result that the importance of grid expansion aimed at allowing renewable electricity to be supplied
to German electricity consumption centers has been woefully underestimated” (SRU, 2011).
When it comes to deployment of international transmission capacity, up to 42 GW of transmission capacity will be needed between Germany and Norway by 2050 as per scenario 2.1.a, with
German electricity demand amounting to 509 TWh/a. In scenario 2.2.b (which is not commented
on in detail here) the necessary transmission capacity increases to as much as 62 GW, in order to
cover a total electricity demand in Germany of 700 TWh/year.
This topic is nevertheless a very heavily disputed issue when discussing the feasibility of a 100
percent renewable energy system. The German energy agency – dena – criticizes that many studies, including the SRU-report, assume a barrier-free grid, which is an unrealistic simplification.
According to the dena, the integration of renewable energy into the energy system, as well as the
reconstruction of the energy system, is a larger challenge than to develop and expand renewable
energy as such. Dena’s latest calculations find that as much as 4500 km high-voltage grids must be
constructed to increase the share of renewables to 40 percent in 2020/2025.
In both the Blueprint Germany 2050 and the Plan B 2050, the question of grid construction is not
touched upon at all. The studies do not make any assumptions about required grid capacity or
costs connected to this. The only remark made about grid construction in Plan B is that the slow
progression in grid expansion acts as a limitation for offshore wind deployment. In the middle
term, the authors presume a remarkable expansion in the construction of grids. This leads to the
achievement of grid parity for offshore wind in 2025, which means that the costs of the wind energy will be at least as cheap as the electricity offered in the grid without subventions.
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Results from interviews and
meetings in Germany
In the period May 2011 – September 2011, we carried out interviews and informal talks with important actors in the German energy sector. The information gathered in the interviews complements the information collected in the literature study. This chapter presents the most important
results from these conversations, together with some information collected from the organization’s internet pages, and is structured along the same topics as the literature chapter:
•

Expansion of renewable electricity

•

Imports

•

Storage

•

Grids

THE INTERVIEWS
The table shows the institutions that we have talked to during the project. In the following discussion, the different actors will be anonymous, as many of them uttered perspectives which are not
the official positions of the institution they are representing.
Type of sector

Institution

Industry

Vattenfall, Bundesverband für deutsche Industrie, BASF, Alstom

Government

Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit,
Bundesnetzagentur

Environmental
organization

WWF, Deutsche Umwelthilfe, Greenpeace,

Interest organization

Deutsche energieagentur, Bundesverband für Erneuerbare Energien, Ecologic,

Science

Sachverständigenrat für Umweltfragenw

Total

13 institutions

Table 11: Institutions which we have talked to during the project

We also have to stress that not all of the talks were official interviews, some were informal talks or
lectures where we had the possibility to ask questions.
The environmental movement in Germany is well manifested in the society. The largest organizations have many members and a very strong voice in the public debate. Large parts of the environmental movement have criticized the Government for not being ambitious enough in their energy
policy. The demands cover three core areas:
•

Faster deployment of renewable

•

Faster construction of electricity grids

•

Earlier closing down of nuclear power plants
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At the same time, Germany is an industry giant in the global context. The country is the world’s
second largest exporter of goods, only China exports more goods than Germany. From 1986 –
2008, Germany was in first place.
The German industry is correspondingly powerful and organized in several interest organizations,
of which the most important are probably the federation for energy and water (BDEW), representing 1800 companies, and the federation of German industry (BDI).

RENEWABLE ENERGY DEPLOYMENT
The questions regarding the potentials for renewable energy and electricity in particular are disputed and it is obviously not possible to predict what will be the technological, economic, political
and societal development within the next 30-40 years. This is the time industrial countries have
left to reduce greenhouse gas emissions by 80-95 percent.
The demands from environmental organizations are of course not always identical. For the power
sector, the Green Party is probably the most ambitious. In their party platform, they state the target of 100 percent renewable power supply by 2030. For the heating sector, they aim at a 100
percent renewable supply by 2040. The Green Party has no detailed agenda for how this goal shall
be reached, but they see gas in CHP-plants as the bridging technology into this transition. One argument, why this could be possible, is the development that has taken place within the renewable
sector so far.
The German Renewable Energy Federation, BEE (Bundesverband Erneuerbare Energie e.V.) is the
umbrella organization of the associations for renewable energies in Germany. The federation has
undertaken calculations that show that 47 percent of electricity supply could be renewable by
2020 – with a total production of 278 TWh. For 2050, they have no targets or calculations, but are
convinced that 100 percent renewable power supply is possible a long time before 2050, without
mentioning a certain year.
Some of the largest environmental organizations have carried out their own studies to illustrate
the feasibility of their demands. The WWF shows in their “Blueprint Germany” how Germany could
fulfill its climate targets by 2050. The study has two scenarios for the power supply – one with a
certain share of fossil power stations (including coal and gas with carbon capture and storage),
and one with a fully renewable power production. Greenpeace writes in its “Klimaschutz: PLAN B
2050” that renewable energies will be the major electricity source in 2050 together with a minor
share of fossil fuels in CHP-stations. Naturschutzbund Deutschland (NABU)35 has no specific calculations and hence no detailed targets for 2020 or 2050. The same is true for BUND for the year
2050, for 2020 they want 1/3 of the power supply to be renewable – less than the current political
target.
Even the Federal Environmental Agency (Umweltbundesamt) predicts the feasibility of 100 percent renewables by 2050 in a study from 2010: “Energieziel 2050: 100 % Strom aus erneuerbaren
Quellen“. The scenario foresees that all regions exhaust their potential for renewable energy and
there is a national exchange of electricity. A small share only is imported from other countries.
The German Environmental Ministry (BMU) is responsible for the renewable energy policy in
Germany, and their official targets hence corresponds with the official targets for the Government
as a whole.

35 NATURE AND BIODIVERSITY CONSERVATION UNION
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Most of the environmental organizations have detailed demands for improvements in the area of
energy savings, energy efficiency, measures to increase and improve renewable energy deployment, increased deployment of energy grids and storage infrastructure and finally to increase the
flexibility of the conventional power stations.
Parts of the environmental movement also claim the closing down of nuclear power plants already before 2021. Greenpeace, for instance, see the possibility for this already in 2015.
According to the WWF, the discussion about renewable development was for a very long time only
a discussion about deployment of renewable capacity. Other aspects like institutional preconditions, framework requirements and a system discussion was not part of the debate. The WWF assumes that this was due to the fact that “no one” really wanted the “Energiewende”– it was only
used as an alibi. With today’s system, there is only room for 30-40 percent renewable production
in the energy system. When one talks about whether 100 percent renewable energy is possible in
the future, one has to consider the design of the whole energy system.
The WWF does therefore not operate with a demand or vision for when Germany shall achieve
100 percent renewable electricity supply, even though this is the target in the long run. For the
moment, they work for 40 percent by 2020 and 80 percent in 2050, as this is what is it possible to
achieve politically.
The German renewable energy association (BEE) has a much more ambitious vision than most
other actors we spoke to. They claim that 100 percent renewable electricity can be realized between 2030 and 2050 – in 2050 at the latest. By 2020, a renewable share of 47 percent would be
possible.
Most industry actors consider a 100 percent renewable-target as infeasible to reach in a long time
to come, if at all. They consider both 35 percent by 2020 and 80 percent by 2050 as very ambitious
targets, but accept them as political primacies. It will nevertheless be difficult to carry them out in
real life because Germany is an industry country, which heavily depends on competitive energy
prices. As much as 100 percent renewable electricity will not be possible in a very long time to
come.
The industry is above all mentioning the costs of the Energiewende. One industry interviewee said
that it may be technically possible, but economically, it is not reasonable, at all. He claimed that it
will be extremely expensive. This perspective is shared by several industry actors. The same person
also doubted whether the Energiewende is necessary, as there will be fossil reserves available in a
long time to come. On the other hand, parts of the industry also see the chances that occur with
the Energiewende. There will be possibilities for innovation and investments in new technology, of
which some branches will profit.
Among several industry actors, the renewable energy policy and the renewable energy act (EEG)
are heavily criticized, for several reasons.
In the industry, many actors are very critical about how the EEG is designed at how it works today.
There have been some small attempts to change this design, but it has not been accounted for to
a sufficient degree in the law amendments that was approved in summer 2011. Another critique
of the EEG raised by the industry, is that it will cause the electricity prices to increase further, which
will have large consequences especially for smaller companies. In 2010, the turnover of the EEG
was 12 – 13 billion Euros. For the moment, the price for EEG is 3.5 cent/kWh. The price on the energy stock market is 5-6 cent/kWh. Hence, the price for EEG is already half the stock market price. As
of today, large energy intensive industry actors only pay the latter. Due to the high costs required
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to finance renewable energy in the coming years, industry actors fear that the mechanism of the
EEG will not work anymore within short time, because there will not be enough “conventional
electricity” to finance the renewable.
The interest organization for energy and water producers, BDEW, requests a gradual but rapid introduction of the EEG into the energy market and thus an increasingly demand-orientated generation and use of renewable energies. There should also be a review of bonuses and the avoidance
over-funding. Through this, it should be achieved that the EEG-fee does not further increase. 36
Another criticism of the EEG as of today is that it implies high costs for German consumers, of
which Chinese producers are profiting. This argument is directed towards the support for photovoltaic units. The feed-in tariffs for PV are far higher than for the other technologies. The PV industry has therefore received the major share of the support, while PV still constitutes the minor share
of the renewable energy production.

IMPORTS
Most interviewees from the environmental organizations that we talked to recognized the cooperation with Norway to be one part of a complex solution in the question of storing and balancing intermittent renewable electricity. Only the SRU had the vision of Norway as being the major
answer to the fluctuating renewable production in Germany, because of huge technical storage
potentials and the shape of the Norwegian hydro system. The SRU-study has therefore calculated
some scenarios where Germany relies heavily on imports or reimports (exporting first and importing again later on) from Norway. The German Environment Aid (DUH) described the establishment
of scenarios with such a high dependency on Norwegian resources to be rather unrealistic, and
called it the result of “simple economical models”. The SRU has assumed certain prices for different
storage options, and because hydro storage has so much higher efficiency than for instance compressed air storage and chemical storage, the model calculations find that the use of Norwegian
hydro power in a German renewable electricity system would be remarkable cheaper than other
storage options. The models do not take political or environmental aspects into account.
One industry interviewee referred to the calculations in the Energy Scenario, which foresee import rates between 22 percent and 31 percent in a system with 80 percent renewable supply (30
percent in the IA scenario commented on in this report). In general, the many industry actors are
against electricity imports because they consider it unwise to become so dependent on neighboring countries. As an example, they mention the establishment of interconnectors to solar plants
in North African states like Libya. This would not be favorable, as you wouldn’t know if something
could happen to the grid connection. In an electricity import relation, trust in your partner countries is crucial, so that you can be certain that the grid remains stable. Regarding an import relation to Norway, this would be another situation, as Norway is considered a more “realistic partner”.
This would therefore be an interesting option. But in terms of how much will have to be developed and whether it will take place at all and have sufficient market potential for both sides, one
will still have to discuss.

STORAGE
The industry considers the lack of appropriate electricity storage potential as an important argument for why 80 percent RES cannot be a stable solution. One industry actor mentions the relationship between renewable capacity and fossil back-up capacity to be 1-0.8: For 100 GW installed
renewables, you need 80 GW fossil capacity in case of periods with low production.
36 http://www.bdew.de/internet.nsf/id/DE_EEG
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Another industry actor refers to expert statements that claim that the Energiewende would rely
on the availability of seasonal storage, which has the capacity to store energy in a quarter to half
a year. As of today, it is not possible to know how this will be done and how it will work in real life.
One alternative to storage is running flexible fossil power plants, above all natural gas plants, in
peak demand periods. It is nevertheless increasingly difficult to invest in these power plants as
they will be less profitable when they are only run irregularly. In addition, a power plant that is
started and shut down very often will not have as long life time as is the case for a continuously
running power plant.
The same interviewee argues that the storage question is the reason why it will not be possible to
replace the nuclear power generation with an increased share of renewable production in 2020.
Even though the renewable production is supposed to increase to 35-40 percent of total generation, it cannot replace the 20 percent nuclear power. This is because the renewable energies are so
unstable that you cannot rely on them as a secure energy supplier. There are many voices claiming
that there will now be built more coal power stations and that the CO2 emissions as a result will
increase.

GRIDS
The German grid agency (BNA) is the official agency in charge of questions connected to the electricity grid.
In an informal conversation, the BNA was optimistic about the feasibility of the long-term targets
for renewable electricity shares: 80–90 percent renewables in 2050. In the short term, the situation
is a completely different one, as one has not even started to plan the grid expansion, which is required to facilitate 40 percent renewable generation by 2020. The BNA does not have any concrete
assumptions about the amount of grids that has to be built, but they consider the prognoses from
dena – 4500 km by 2020 – to be reasonable. “Even if we do not need 4500 by 2020, we will need it
for 80 percent in 2050 anyway”. For the decades after 2020/2025, the dena has no official figures,
but according to temporary calculations, the amount of necessary grids increases even more that
after that. With the previous legislation, it took 10 years from one started the planning to a new
power line is finished. With the amended legislation, which was adopted in summer 2011, this
time line could eventually be shortened down to 5 – 6 years.
There are many obstacles connected to grid expansion in Germany. Therefore, this issue is perceived as one of the needle eyes regarding the achievement of the renewable targets. According
to BNA, the main problems connected to grid expansion are the planning procedure, the financing issue and the production capacity of the cable industry. The first aspect is the most important,
and has to do with the responsibility for planning new grids and the implementation of the planning into action through the authorities. Because of very tedious processes, there has only been
built 80 km of the assumedly required 4500 km so far. Secondly, the financial issues still remain to
be cleared. Today, the grid must be constructed by the TSOs. Because of regional responsibilities,
the company TenneT will have to construct 95 percent of the off-shore grid. This alone would cost
about 25 bn Euro, which is challenging for TenneT, and requires the organization to increase its
funds and capacity considerably.
Environmental organizations are on the other hand criticizing the Government for not facilitating grid deployment in a sufficient pace in order to fulfill the renewable production already in
2020. Also the coordination between grids, storage, new technologies and energy system managements has to be improved. The grid studies of dena is criticized by several environmental organizations for being unrealistic in their calculations of the amount of the necessary grid deployment. For instance, the organization NABU writes in their “Claims to a new energy policy” that the
dena-study doesn’t give an appropriate basis for the changes in the energy system, because it “too
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strongly orientates around the demands of the large energy companies for an optimized financial
utilization of their nuclear and coal power stations” (NABU 2011)37.
At the same time, the environmental organizations agree upon that public acceptance is another
important obstacle when it comes to grid expansion. The DUH has therefore initiated several dialogue processes with local population, in order to inform about the grid projects at an early stage
and in this way to enhance support for them.
When it comes to grid deployment, industry actors see the energy regulations as inadequate.
There will not be enough new grids to meet the renewable targets by 2020. These positions often
relate to the dena grid-study II and the number of kilometer which is calculated to be necessary by
2020/2025: 4500 km, of which not 100 km have been realized yet.
The BDEW has written a report, “BDEW-Verteilnetzstudie 2020“, in which they estimate the needed
expansion in the distribution grids by 2020. The findings of the report show that there is a need for
195 000 km new grid on the distribution level.
In order to meet the 80 percent or 100 percent renewable targets, i.e. a doubling of the 2020-targets, the industry fears that one will need such enormous amounts of new grid that it will probably be impossible to reach them.
Another aspect is the costs of the grid construction adherent with the integration of renewable
energy. According to the dena II-study for transmission grids and the BDEW-study for distribution
grids38, total investments in the national grids between 23 and 56 bn Euro until 2020 are requested. The price for the long term development of off-shore wind alone - power and grids - will be
around 100 billion Euros. The question of who is going to pay for the necessary grid deployment is
not yet solved, and is also used to question the feasibility of the renewable targets.

37 NABU-Hintergrund: Anforderungen an eine Neuausrichtung der deutschen Energiepolitik http://www.nabu.de/
themen/energie/publikationen/
38 http://www.bdew.de/internet.nsf/id/DE_Netze-der-Zukunft
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Norwegian possibilities and
challenges
In the previous chapters it has been stated that the Norwegian potential for balance and storage of hydropower could be a part of the solution of increasing Germany`s renewable share. It is
important to understand that this is not only a matter of political will, but also a matter of technical, economic and environmental considerations. Norway does not have considerable experience
with extensive and systematic exchange of flexibility over long distances, except from exchange
through spot markets and some internal Nordic trade with manual reserves.39 It is unclear who
will pick up the bill for the investment costs of connecting cables and upgrades and expansions
of the hydro power plants. It is also important to understand that there have not been conducted
any studies that see these factors in a connection to each other, and that the studies that are available states that much more research is needed before we can have a clear view of the total effects
and possibilities.
In this chapter we will present some basic information about the Norwegian energy system, ownership and the current political objectives that are relevant to the foreign cable debate.
This will be followed by a presentation of some key numbers for Norwegian hydropower, and we
will present some possibilities and challenges of hydropower storage and power exchange. After
this we will give a general view of the power grid development, and comment on the plan for
cable connections.
The last section in this chapter will highlight some of the most important public and political views
on both infrastructure and foreign cables.

ENERGY SITUATION
Norway is a net exporter of energy. In 2010, Norway had a total energy production of 2418 TWh.
Of this, 2128 TWh was exported. The main energy sources for export were crude oil and natural
gas.40
The total consumption of energy in 2010 was 247 TWh41.Electricity makes up an unusually high
proportion of Norway’s energy consumption, compared to almost any other country in the world.
Electricity covers approximately half of Norway’s total energy consumption. Norway is unique in
terms of power consumption; Two thirds of power consumption in a typical Norwegian household goes to heating and tap water. Large amounts of electricity are used in the energy-intensive
industries.

39 http://www.ecgroup.no/filer/070926_Svingmaskin.pdf
40 http://www.ssb.no/energiregn
41 http://www.ssb.no/energiregn/ 23.02.12
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Power production in Norway consists mainly of flexible hydropower, as shown in the figure below.
Figure 4: Electricity production in Norway by source
2010 (total 124.5 TWh) 42

HYDROPOWER
RESOURCES IN NORWAY
In 2010, the hydropower production was 94.8
percent of the total electricity production in
Norway, The figure below shows the hydro
power potential in Norway and the status of development. At the beginning of 2011, Norway’s
hydropower potential was 158.4 TWh/year according to the Norwegian Water Resources
and Energy Directorate (NVE). Of this, about 60
percent is developed. This makes Norway the
world’s sixth largest producer of hydropower.
The largest and most profitable hydro power
opportunities are already developed, and the
potential projects left are the more complex and relatively marginal projects. At least 46.6 TWh
hydropower potential is protected either through the protection plan for waterways, the Nature
Conservation Act or denied through licensing. This is not included in the hydropower potential.
The total reservoir capacity is 84.3 TWh.

Figure 5: Hydropower potential pr. 01.01.201143

42 http://www.nve.no/Global/Energi/Analyser/Energi%20i%20Norge%20folder/FOLDN2011.pdf
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According to the NVE, the Norwegian hydro power plants can increase their production by 10 TWh
by technological modernization44. Upgrading of power plants through less spill of water, new water ways and new turbines has a theoretical potential of approximately 15 TWh, but with the current market conditions, only 2 TWh of this is technically and economically viable45.

RENEWABLE ENERGY POLICY
As the major Norwegian hydro power resources are either developed or protected, the focus now
is on unregulated power through wind and small hydropower run of river- plants. Norway has a
huge wind power potential, so far projects amounting to almost 70 TWh have applied for permission, and this have been licensed for 10 TWh.

Green sertificate system
On 1.1.2012, a new support scheme for renewable energy was introduced. The joint green electricity certificate marked with Sweden is a part of the flexible mechanisms within the European
Renewable Directive.
The agreement ensures the development of 26.4 TWh of renewable power in Norway and Sweden
in 2020. The introduction of green electricity certificates means that the production of renewable
electricity in Norway will increase by about 13 TWh by 2020. That is an increase of 10 percent over
current production of renewable power. Much of this is unregulated. The certificates will not include expansion of pump power plants, only “new” power.
All forms of new renewable power can receive certificates, but as the amount received is the same
per MWh, it is believed that the support scheme will deliver new hydropower and some wind in
Norway, as this are the most cost efficient.

European Renewable Directive
EU Directive 2001/77/EC on the promotion of renewable energy in the internal electricity market
was adopted by the EU 27 September 2001. The Directive is founded on the EU Treaty, Art. 175
(environment). EEA Joint Committee decided 8 July 2005 to incorporate the Directive into the EEA
Agreement.
There have been many debates concerning the Norwegian renewable share, much due to
Norway`s already high amount of renewable energy when compared to the rest of Europe. On one
side the arguments is based on the definition within the directives calculations and thus argue
that we already have a large amount of renewable energy. Others – including ZERO, argue that the
Renewable Directive calculation of the renewable share does not include the offshore sector, and
thus in reality over half of Norway’s energy use comes from fossil sources. The main argument here
is that the renewable directive clearly states that all countries have to increase their renewable
share, and no countries, especially the ones with very good financial possibilities to increase their
share should negotiate anything else than a high and ambitious renewable share.
EFTA countries, after discussions with the European Commission, have now submitted to the EU
draft EEA decision on renewable energy directive. The draft has a goal of a renewable share in
Norway at 67.5 per cent in 2020. This will probably be reached by the targets previously set for the
certificate support scheme.

44 http://www.aftenbladet.no/energi/To-nye-kraftverk-tredoblar-produksjonen--2824918.html?xtor=RSS-2
45 http://www.nve.no/no/Energi1/Fornybar-energi/Vannkraft/Opprusting-og-utvidelse/
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The historical background for hydropower development
In the debate regarding Norway as a contributor for flexible power, it is important to understand
some of the main facts about Norwegian hydropower development, system and tradition regarding ownership.
Nearly 90 percent of Norwegian hydropower has public ownership by the state, county or municipality level. The state owns 30 percent through the state-owned power company Statkraft; the
municipalities/counties own 59 percent and private companies own 11 percent. The major part of
new hydropower development is constructed by public owned power companies. The country’s
hydropower resources are a valuable renewable energy resource and the Hydro power regulating
Act provides that property as a principle to be in public hands.46
The Norwegian power system and politics is highly influenced by the social democratic thought
and principals of public ownership of public goods and resources. There have been various ways
of managing these resources, but the thought of public ownership and control has always been an
important and strong principle in Norwegian politics on energy related matters, as well as other
political matters. This was well articulated by the Norwegian Prime Minister Jens Stoltenberg;
“There is hardly any part of the Norwegian economy that is more politically driven than the power sector. Everything you do, require licenses, permits, licenses (….) virtually all investments in the
power sector are politically controlled, and virtually all major players in power sector is politically
owned.”47

The principle of reversion (“hjemfall”)
The most central measure in the policy for securing public control over the hydro power resources
has been the Act of “hjemfall”. According to the Hydro Power regulating Act, private actors could
only obtain concession for a water fall/power station for a limited period of time, normally 60
years. When the period ended, the hydro power resources and power plant constructions goes
to the state without compensation, i.e. the resources falls home (= Norwegian: hjemfall). Public
Norwegian companies were given concession for an unlimited time without conditions to reversion. 48
The EFTA court decided in 2007 that the principle of reversion was not in line with the EEA agreement, and this caused the regulation to be changed. The current regulation states that only
Norwegian public companies can obtain permission to buy large hydropower stations or waterfalls, or obtain permission to construct new large hydropower (2,9 MW). A public company can
have a private share at maximum 30 percent. At the same time it was stated that private companies can rent large hydropower. As a consequence more and more of the Norwegian hydropower
will be owned by municipalities, the counties or the State. It is only valid for hydropower, wind
farms and thermal power plants can have private ownership.
In the period of developing the first hydro resources early 20th century, the Act ensured that private and foreign capital could develop the hydropower resources whereas the authorities could
control the exploitation of the resources and access to the ownership in a long term perspective.
Hjemfall also secured income to the state and municipalities, as the private actor was obliged to
give away up to 1/3 of the profit.

46 http://www.regjeringen.no/nb/dep/oed/dok/regpubl/otprp/2007-2008/otprp-nr-61-2007-2008-/6.html?id=515427
47 http://www.energinorge.no/nett-og-system/stoltenberg-kraftsektoren-politisk-styrt-article7808-239.html
48 http://www.regjeringen.no/nb/dep/oed/tema/energi_og_vassdrag/Hjemfall.html?id=449052
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From major developments to strong environmental considerations
The last large development of large hydropower plants in Norway took place from 1970 to 1985.
Later on the focus shifted somewhat into considering the negative aspects of hydropower resource development - mainly environmental and nature protection. This was a distinction, where
hydroelectric power in contrast to earlier was now politically controversial.
At the end of the 1970s there was a considerable turning point in the environmental and public
debate: Several projects were hotly contested, civil disobedience and protests first occurred with
the building of Mardøla watercourse in 1970, and the largest controversy occurred around the Alta
project. Plans for development of the Alta / Kautokeino watercourse created significant awareness
and a large mobilization. It evolved to become the largest environmental campaign in Norway`s
history, and the Alta struggle would come to represent a breakthrough for the environmental
movement and river conservation Norway.
Due to the environmental considerations Norway has a number of watercourses that are protected
from power development. The emphasis is on taking care of a representative sample of Norwegian
river scenery. It is also focused on factors such as rarity and outdoor activities. The comprehensive
plan systems that we have today was developed in the 1970ies and 1980ies. The regular licensing
process did not give the desired relationship between the individual project and overall resource
availability. Based on a comprehensive resource list, some waterways were permanently protected
against hydropower development. The Conservation Plan for watercourses today covers 388 watercourses / watercourse areas.

CLIMATE POLICY
The Agreement on climate policy was signed by all Parties represented in the Parliament, except
from the Progress Party. The agreement states that Norwegian climate gas emission shall be reduced by 30 percent by the year 2020, compared to the 1990-level of emissions. Two-thirds of the
total emission reductions are to be made nationally.49 The rest can be achieved by global initiatives. This means that the national climate gas emissions shall be reduced by 15-17 million tons
of CO2 equivalents by 2020. The Norwegian GHG emission was 60 million tons CO2 equivalents in
2010.50
The White Paper on Climate (Stortingsmelding) on how Norway will cut 20 percent of greenhouse
gas emissions has been postponed three times, first from the original plan of launching in 2010
to 2011, and now it is expected to be launched in early 2012. The white paper on climate shall
describe in detail in which sectors the cuts are and how and when to cut. The process has been
described as challenging, and though there is a mutual agreement on the goal of 20 percent cuts,
each department is expected to work for a minimum share of greenhouse gas reductions within
its own sector. 51

POSSIBILITIES FOR HYDROELECTRIC BALANCE POWER AND STORAGE
There are several ways for Norway to provide hydroelectric power balance and storage to Germany.
Basically there are three options: Pumped storage hydropower, expansion of capacity in existing
hydropower plants and construction of new plants with dams. All are possible solutions that are
examined in several reports and studies.
49 http://www.regjeringen.no/en/dep/md/pressesenter/pressemeldinger/2008/enighet-om-nasjonal-klimadugnad.
html?id=496878
50 http://www.ssb.no/english/subjects/09/01/nrmiljo_en/tab-2012-02-13-01-en.html
51 http://www.adressa.no/vaeret/klima/article1681696.ece
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Current installed hydropower capacity is 29.6 GW (NVE 2010).52 It is technically feasible to increase
this, thus making it possible to export large amounts of effect. The technical potential is not consistent with the economic potential; some would say these two factors have little to no comparability. It is a matter of many considerations and prerequisites. It is also a matter of environmental
considerations, sufficient power grid connections and extensive investments in connecting cables
and extension/upgrades of hydro power plants. With regard to the potential for development
of more capacity Statkraft predicts that a change in the running pattern of the existing 28 GW
installed capacity in Norwegian hydro plants can give substantial amounts of additional power.
Further, there is potential for an increase in installed capacity of 7-8 GW (through new plants),
and building of pumped hydro storage in connection with existing reservoirs in South of Norway
could give additional 15-20 GW.53
Norwegian hydropower system is largely energy-dimensioned. There are very few plants specifically designed for the power drive (top energy) that can contribute balance the power on a large
scale. Pumped hydro storage for short periods has not been a need so far.54 The system has some
capacity for producing peaking power but there are also technical, legal and environmental limitations. Increased demands on hydropower for load balancing in the Nordic and European power
system can be met by changed operation of the existing system, upgrading and refurbishment
and developing new hydropower plants with reservoirs and/or pumping capacity.55
There are several studies conducted on the potential of balance and storage of hydropower,
mainly in terms of economic and technical potential. Overall there is an emphasis on the need for
further research on environmental consequences. Several energy companies are currently studying the potential for increased power installation and pump power, but these are not completed
or publicly available. Apart from more construction of grid the environmental consequences are
more rapid changes in water levels and rivers, causing harmful effects for biodiversity and erosion.
It is widely thought that increased power installation can only be carried out in plants where the
recipient is a large lake or the sea, thus greatly reducing the potential. Different reports indicates
a balancing power potential from 10-20.000 MW, give various conditions. Statkraft carefully indicates a potential from everything between 30.000 to 85.000 MW, given a various set of conditions.
An interim report from the Energy 21 states that Norway could supply up to 20 GW of balancing
hydropower56, a number the research center Cedren also operates with.
The study from Thema Consulting and EC Group suggests that it probably would be technically
possible to increase the installed capacity in the Norwegian hydropower plants with 20 GW without adopting new magazines or to go beyond the current provisions of the minimum and lowest
regulated water standards. The environmental challenges with such projects are also in this study
referred to as a considerable potential barrier that needs to be further researched. 57
Finding the potential for pump power is challenging. It mainly relies on the questions of costs
of conversion of existing hydro power plants to pump power plants, environmental consequences of rapid water level changes in magazines, power grid development and how to measure the
potential.

52 http://www.nve.no/Global/Publikasjoner/Publikasjoner%202011/Rapport%202011/rapport10-11.pdf
53 Presentation by Marianne Holmen, Statkraft, at the Zero workshop in Berlin 13.01.2012.
54 http://www.nve.no/Global/Publikasjoner/Publikasjoner%202011/Rapport%202011/rapport10-11.pdf
55 http://www.waterpowermagazine.com/story.asp?storyCode=2058728
56 http://www.energi21.no/servlet/Satellite?c=Nyhet&cid=1253961214550&lang=no&pagename=energi21%2FHove
dsidemal
57 http://www.cedren.no/Portals/Cedren/Pdf/TR%20A7126_v1%201%20%C3%98kt%20balansekraftkapasitet%20
i%20norske%20vannkraftverk%20.pdf
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To get an accurate potential we will need to conduct a physical resource mapping, which must
include a simulation of water resources (chain effects), expected price structure, assumption environmental regulations and costs.
NVE has stated on a conference on energy balance in March 2011 that it can be a challenge with
10 GW of pump power in addition to the 10 TWh NVE have under consideration for licensing.
According to Statkraft there is a capacity of 15-20 GW (1.8-2.4 TWh) pumped storage in Norway.58
Statkraft has made an
 internal report that the company’s development manager for the Nordic
hydropower, Jon Ulrik Haaheim, presented at a conference on balance power in March 2011: The
technical potential of pump power varies greatly from 16 GW until 85 GW in southern Norway, depending on different scenarios regarding water level fluctuations and time of pumping. Haaheim
stressed at the conference that the figures shows a technical potential, and that many projects
would be too controversial to develop59
Sira-Kvina power plant has withdrawn their application of a pump power plant on Tonstad in the
Southern part of Norway, and NVE now have no applications for similar projects.60

Expansion of hydropower plants
A study from NVE states that based on the 89 power hydropower plants in technical terms, and
based on some simple assumptions, the potential for a total output increase of 16,5 GW. The average operating time is reduced from approximately 3900 to around 2000. These plants each have
an installed capacity of more than 0.05 GW, a certain amount of storage capacity and outlets to
the sea, magazine, or large lake.61
These results are referred to a rough estimate of the potential and technical solutions, costs, transmission or environmental effects have not been taken into consideration. 62
NVE had recently conducted a study of evaluating the possibilities and costs of conversion of
some existing hydro power plants.
The main conclusions from the study are that the specific costs strongly increase the smaller the
pump power plants are. Furthermore, it appears that modifications in most cases will involve very
extensive changes. One of the main implications is that these modifications will almost always be
established with new water ways.
The investment will amount to billions NOK, and the preconditions to conduct such measures are
uncertain, especially in terms of financial matters. The specific costs for the different designs vary
from 3.2 to 20 million NOK (24-154 mill Euros) per MW. Generally, the largest options are cheaper
per MW than the small ones. There are significant cost reductions related to using existing reservoirs than building new, and this also applies in terms of reducing negative environmental consequences. A rapid water level regulation is considered one of the main factors that will have
environmental consequences. This is yet uncertain, but assumed to be significant. Vattenfall Power
Consultant, who conducted this study for NVE emphasizes that this study is in a very early phase,

58 http://www.cedren.no/Portals/Cedren/Pdf/Bernd%20Calaminus%20-%20EnBW.pdf
59 http://www.tu.no/iphone/article283704.ece
60 http://www.cedren.no/News/Article/tabid/3599/ArticleId/1079/Can-Norway-be-Europe-s-green-battery.
aspx#Hvordan_er__konomien
61 http://www.nve.no/Global/Publikasjoner/Publikasjoner%202011/Rapport%202011/rapport10-11.pdf
62 http://webby.nve.no/publikasjoner/rapport/2011/rapport2011_22.pdf
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Machine hall at Solhorn power station, one of the Sira-Kvina
hydropower plants at Tonstad. Each turbine is 100 MW.
(Photo: Jan Kåre Rafoss / kvinesdal.no)
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and that issues such as sufficient grid capacity, the environmental aspects and impact on existing
power plants like downstream pumping power plants are not discussed in this study.63
The cost for the effect upgrade is in the range of 2-8 million NOK (15-61 Euros) per MW of effect,
according to a report Norconsult has prepared for NVE. It provides a price estimate on 33 to 132
billion dollars for a full power upgrading of all power plants.64
Factors that will influence the detailed planning will be the costs and prospects of the electricity
market. Moreover, licensing, environmental impact, network capacity in Norway, hooking up to
other countries, frequency regulation and other technical issues also play into the evaluation.65

New market models need to be developed
The withdrawal of the Tonstad project (pump power plant) was explained with the need for access
to the balance markets in Europe, and the need new market models in order for such projects to
be profitable. Today the expected difference in the spot price marked is the main income source.
An assumed income of effect is estimated to be around 10-20 percent of the total income.
Calculating a general estimation on profitability of connecting cables is complex, and needs to be
done with case-specific conditions. The economy of cable number one is not the same as for cable
number three or five.
It is a challenge to include costs related to exchange of flexibility in the spot market, and more
volatile prices are expected. Intraday market will develop to reduce imbalance cost of intermittent
production.
The development of the LFC (load frequency control) market is also crucial. There is already now
market design development and use in both Norway, Sweden – soon Nordic and it is expected to
be integrated in Europe as a result of coordination of spot markets towards 2014.
Increased exchange capacity by more cable connections are a prerequisite for a functional market
model. But, with the current conditions there is not a sufficient profitability to a realization of such
projects – not without new market models.

POWER GRID DEVELOPMENT IN NORWAY
There is a need for extensive investments in the Norwegian power grid system, and this need will
increase with cable connections.
In Norway the electricity network has a natural monopoly, where the users are bound to the local
grid operator. NVE is responsible for the continuous control of network operations. NVE can issue
orders to ensure compliance with regulations and licensing relating to monopoly business. NVE’s
decisions may be appealed to the MPE.
Current law gives all players requirements on market access for all who request network services
to non-discriminatory and objective point of tariffs and conditions, but does not give power grid
companies a duty to invest in transmission facilities for connection of the production. Current
63 http://www.tu.no/energi/article293968.ece
64 http://webcluster.montelpowernews.com/News/Story.aspx?id=298397&lang=&pub=0
65 http://www.tu.no/energi/article284016.ece
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practice is that producers can claim connection if there is spare capacity in the network. The allowances shall be made on a “first-come, first served” basis. TSOs have mandatory connection to all
consumers in the network.
The state owns 90 percent of the central grid (National Roads) through the transmission system operator Statnett. A small part of the national grid is owned by municipalities and counties. Regional
network and the local distribution networks are mostly owned by counties and municipalities.66
Electricity distribution companies have several challenges that needs to be met in the near future, both technical, political and marketwise. Substantial upgrades are needed, and there is a
higher demand of security of supply. New production, the green certificate system with Sweden,
demands for cable connections instead of power lines in cities and just getting acceptance in general for the visibility of infrastructure are a few of many concerns the power grid companies needs
to take into consideration the next few years. 67
Statnett expects investments towards 2030 in the order of 40-50 billion NOK for the central national grid. For the first five years the investment scope in the order of 17-20 billion NOK.68

Prioritized areas of power grid development
According to Statnett’s grid development plan for 2011, security of supply is a top priority for
Statnett. The biggest challenges are the Bergen area, Nord-Jæren area, Central Norway and
Northern Norway. In these areas there is considered a need for new transmission capacity to ensure adequate security of supply. Statnett wants to facilitate national wealth creation by ensuring
adequate trading capacity domestically, supplying electricity new profitable businesses, as well as
facilitate increased power exchange with foreign countries.69
According to Energi Norge, Statnett and the regional and local network operators will have to invest about 100 billion NOK in new grid development in Norway towards 2020. When it comes
to investments in Norway from 2011 to 2020, they have assumed the Statnett grid development
plan70 of 40 billion NOK from 2010.71
According to Statnett’s analysis of the power grid system regarding increased cable capacity in the
South Region of Norway, the grid is already strained, and even with planned power grid upgrading the grid will become more strained after the Skagerrak 4 is put into operation. It has increasingly received an uneven load on the main corridors of the system due to production distribution.
This uneven distribution is according to Statnett further reinforced by the development of large
amounts of small hydro power in the Western region of Norway.
It is recommended that the grid development is viewed in a large perspective, since some upgrades increases the transmission of other pipelines and corridors enough to trigger a need of
upgrading also to these. This will be especially important in the West Region of Norway, as rein-

66 http://www.kraftkartet.no/default.asp?gruppe=3404
67 http://www.energinorge.no/getfile.php/FILER/AKTUELT/INTERNASJONALT/fred1250%20Einar%20Westre.pdf
68 http://www.statnett.no/Documents/Kraftsystemet/Nettutviklingsplaner/Statnetts%20nettutviklingsplan%202010.
pdf s 27
69 http://www.statnett.no/Documents/Kraftsystemet/Nettutviklingsplaner/Nettutviklingsplan%202011.pdf
70 http://www.statnett.no/Documents/Kraftsystemet/Nettutviklingsplaner/Statnetts%20nettutviklingsplan%202010.
pdf
71 http://webcluster.montelpowernews.com/News/Story.aspx?id=337663&lang=&pub=0
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forcements in the grid north of the West Region is increasing pressure to the south, even without
new cables.72

White paper on power lines
The previous Minister of Petroleum and Energy, Terje Riis-Johansen (Sp) announced during a press
conference in March 2011 that he would submit a white paper on power lines and power grid
issues expected to come during 2011. He there stated that “I wish for a more effective decisionmaking process in power line cases. We are facing large investments in the years to come. Therefore, I
will submit a white paper where I aim that the license applicant, as a general rule are to implement an
external quality assurance of the project.”73
The white paper was released in March 2012, and one of its main goals is to arrange a more effective decision-making process. Today’s Minister of Petroleum and Energy, Ola Borten Moe, stated
that the government has learned from the Hardanger-case, as mentioned later in this chapter. The
new policy for the decision-making process will be implemented during approximately one year,
according Borten Moe.
Regarding interconnectors the white paper stated that there is great need for storage capacity in
several European countries but today’s Norwegian policy maintains. But in the future the power
trade must be adjusted to the development in power production and consumption.
A joint venture of energy companies has applied for concession for constructing their own cable
to Germany (NorGer), challenging Statnett’s exclusive right to carry out such projects from the
Norwegian side. The project has not received permission. The former minister of Energy Mr. Riis
-Johansen stated categorically that the Norwegian state through Statnett would be the only owner on the Norwegian side of such public infrastructure.74 Today’s policy on interconnectors maintains according the white paper on power lines.

72 http://www.statnett.no/Documents/Nyheter_og_media/Nyhetsarkiv/Vedlegg%20til%20nyhetssaker/Vedlegg%20
2011/Omr%C3%A5destudie%20S%C3%B8rlandet%20%E2%80%93%20Konsekvenser%20av%20%C3%B8kt%20kabelkapasitet.pdf
73 http://www.nationen.no/2011/03/01/politikk/hardanger/statnett/kraftlinje/kraftlinjer/6482293/
74 http://www.tu.no/energi/article228386.ece
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CURRENT PLANS AND CONDITIONS FOR FOREIGN
CABLE CONNECTIONS FROM NORWAY
Currently Statnett have cable connections to Denmark and The Netherlands, and power lines to
Sweden plus a small 50 MW connection to Russia. The plans have changed the recent year, and in
the power grid development plan for 2011 we can see a reduction of planned foreign cable connection projects compared to the 2010-plan.

PROJECT(2010)

CAPACITY(MW)

EXPECTED
PRODUCTION START

Skagerak 4; new cable to Denmark

700

2014

NORD.LINK: Cable to Germany

1400

NordGer: Cable to Germany

1400

2016 or 2018

Nordned 2: New cable to Netherlands

700

2016 or 2018

NSN: Cable to UK

1600

2017 or 2020

South-West link: New DC connection to Sweden

1200

2016 or 2017

Table 12: Planned foreign cable connection projects 2010

In Statnett’s power grid development plan from 2010 the goal was that by 2020 there would
be built cables of 1400 MW for Germany, 1600 MW to England and a further 700 MW to the
Netherlands. In addition, there is the new 700 MW to Denmark, to be in placed already in 2014.
In the power grid development plan for 2011 Statnett scaled down their plans for international capacity from 7000 MW (including both NordGer and Nord Link) to 4100 MW, as shown in the table
below.

PROJECT(2011)

CAPACITY(MW)

EXPECTED
PRODUCTION START

Skagerak 4; new cable to Denmark

700

2014

NSN; Cable to UK

1000

2018 or 2021

NordGer/NORD.LINK: Cable to Germany *

1000

2018 or 2021

South-West Link; New DC connection to Sweden

1400

2018-2020

Table 13: Planned foreign cable connection projects 2011

*Grid analyzes shows a grid capacity for 1000 MW in this period. Different technical, commercial and
regulatory concepts will be explored alongside with possibilities for optimization of the cable capacity. Two new cables to the continent will demand a voltage upgrade on additional power lines in the
western corridor, and a system study for identifying the need for upgrades in the south region will be
completed in the first quarter of 2012.
When comparing the two development plans it seems that the construction of new power connections to Sweden, Germany and England are delayed up to three years.75Statnett`s released
their power grid development plan for 2011 on the 30th of November, and it assumes a further
postponement of the new central network and new connections from northern Europe. Statnett
points out that the challenges for the power grid is larger than previously assumed, and the capacity to solve them is weakened.
Statnett is now planning to build a cable of about 1000 MW in 2018 and one cable at about 1000
75 http://webcluster.montelpowernews.com/News/Story.aspx?id=371024&lang=N&UMMCat=&Pub=0
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MW in 2021, to England and Germany. Statnett cannot confirm which of the two cables is likely to
be first built and the exact capacity has not been clarified yet.
Statnett conducted a new analysis that shows the need for more extensive network upgrades than
previously thought, before the scheduled foreign cables can be put into operation.
Statnett claims in a press release that ”Power upgrade is a very extensive and comprehensive work
that will be complicated and time consuming to implement in a highly utilized network. The analysis
shows that this work is that for safe system operation during the construction period will have to extend over a longer period of time.”76
This study has been criticized. According to Montel, one of the strongest critics of the study is
Agder Energi CEO Tom Nysted who questions the methods used in the study and now calls for an
independent investigation of the southern grid. The power company E-CO believes that Statnett’s
calculations are far too modest.77
Statnett’s planned interconnectors are shown in the figure below. In the figure the green lines illustrates notified and license applied interconnectors. From the left showing Skagerak 4 and the
South West link. The blue line illustrates possible initiatives the next 10 years, from the left showing interconnectors to UK and Germany.

Figure 6: Map over cable connections in South of Norway according to Statnett`s power grid development
plan 2011

76 http://www.tu.no/energi/article289843.ece
77 http://webcluster.montelpowernews.com/News/Story.aspx?id=340103&lang=&pub=0
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Financing of grid upgrading and cable deployment
Currently all the customers in the network (meaning ordinary consumers and others who are not
underlying schemes that provide exceptions) will take the cost of building new power grid that
are necessary for transmission related to foreign cables.
An ongoing debate is whether it should be permitted to require investment contribution in
meshed networks. In that case, a larger portion of the cost could fall on the triggers of such development, typically oil companies. Responsibility for the development falls on the owner of the network (for example, local TSOs when development is on distributional or regional level and Statnett
for the main grid).
The network owner is obligated to provide grid connection, but it is announced that the white
paper on power line cases will address the issue of investment contribution in meshed networks.
When it comes to the cable itself, it is regarded as a radial and therefore triggers construction
contribution.
With current regulations the description above is no different from general investments in the
main grid as of today. The white paper (Stortingsmelding) on power line cases, released March
2012, stated that today’s regulations will carry on.

THE GREEN BATTERY DEBATE IN NORWAY
The debate on foreign cables occurred in the middle of the 2000ies and focuses around four main
concerns:
Security of supply, power market and electricity prices, climate and environmental effects.
The debates concerning foreign cable connections and power grid development can be associated with sometimes cross-cutting interests and arguments. The political signals have changed,
from a positive attitude toward foreign cable connections and infrastructure development to support this, and now more restrictive signals towards using Norwegian hydropower as balancing
power for Europe. Whether or not this will have an impact on actual policy making is yet uncertain.
In the public debate, the concerns of energy intensive industries and power producers, has been
described as mutually incompatible. The desire for expansion of the cable connections are based
on different considerations. The power industry wants to prevent power surplus and falling / volatile energy prices, and considers foreign cables as the best solution of preventing this. The power
industry thus sees both a business opportunity and protection against unstable energy prices as
their main pro-arguments for foreign cable connections.
The energy-intensive industries have had various and changing points of view - first resistance
against cables due to fear of high electricity prices. The Norwegian Confederation of trade Unions
association Industry Energy (LO-forbundet Industri Energi) asked summer 2011 NVE to stop their
plans towards cable connections to Germany. The reason is “a fear that cable connections will cause
German draining of Norwegian water reservoirs”.78
This argument have to a large extent been a unified position in industry associations, but in the
last few years there have been a change to a point where there is a focus on stability of energy
78 http://webcluster.montelpowernews.com/News/Story.aspx?id=308820&lang=&pub=0
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prices - not volatile with the possibility of lower prices. A key point in this position is the potential
for long-term power contracts as security for fluctuating electricity prices which will provide predictability to the industry.79 This is not a unified position among the stakeholders in the energyintensive industry.
In December 201, a joint initiative for increased value creation between industry (represented by
Industri Energi), electricity companies (represented by the industry organization Energi Norge)
and trade unions (represented by LO) was launched. The initiative calls for a “holistic, policy for
climate change, energy and value creation”. This initiative also calls for a balanced power exchange
with other countries providing increased value creation and climate change advantages.80
This recent development might lead to a more unified position in the future towards foreign cable
connections.

Local opposition
Local opposition has for a longer period of time been an issue in connection with the development of all forms of energy. The development of renewable energy is no exception, as this will
require infrastructure development. Construction of large scale hydro power projects in Norway
has been strongly contested in the past by popular and environmental movements. 81
The construction of a hydropower plant in the Alta river lead to a significant political conflict in the
1970s and early 1980s. This case still is an important reference in terms of opposition, and lead to a
turning point in hydropower governance.
Hydropower has mainly been publicly debated in relation to negative effects such as environmental issues, and the focus on hydropower as a climate solution is a new approach in the public debate. The Hardanger power line issue is a current example of how a case that is essentially a local
matter can get massive national attention and commitment far beyond what one would imagined
beforehand.
This case exploded when Statnett was given permission to build a new 420 KV power line across
the Hardanger-fjord. The case had been smoldering for a long time, but exploded in the summer
2010. That year it was the 4th biggest news story in the Norwegian media. The main debate was
concerning the use of visible power lines instead of sea cables.
The main conclusion from CEDREN project 82”Case Hardanger” was that “key actors in society have
more to gain by protesting through channels other than to participate in the formal processes.” 83
The protestors managed to establish a new term for large electricity masts – and today this term is
commonly used by the media and people; namely “monster masts”. This term was used in 21 percent of all newspaper articles, and mostly used in the VG, the main tabloid paper.84

79 http://www.regjeringen.no/nb/dep/smk/pressesenter/pressemeldinger/2010/garantiordning.html?id=614216
80 http://www.lo.no/Documents/naringspolitikk/felles_plattform_06122011.pdf
81 http://www.sintef.no/upload/642BCd01.pdf
82 CEDREN – Centre for Environmental Design of Renewable Energy: Interdisciplinary research centre for technical and
environmental development of hydro power, wind power, power line rights-of-way and implementation of environment and energy policy: www.cedren.no
83 http://www.cedren.no/LinkClick.aspx?fileticket=BvaoW1XYDwI%3d&tabid=3597
84 http://www.bt.no/meninger/kronikk/Grundig-og-kritisk-om-mastene-2542940.html
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Ultimately the protests made few changes to the original decision. They did however manage to
postpone decisions, and the case managed to provide a massive political pressure, and this will
clearly have an impact on how one assesses the various considerations for development of energy
in terms of infrastructure.
In view of the Hardanger case, which dealt with the need to ensure security of power supply to the
Bergen area which is close to the locations of the relevant physical interventions, it is reasonable
to expect opposition to similar projects, especially when the goals is to use the energy for purposes other than local and/or national supply.

The political debate
All parties except the Progress Party (Fremskrittspartiet) have been united in agreement on climate policy, but this will not be charged directly to the standpoint of the renewable energy debate. The main line is on one side of a positive attitude towards the development of renewable energy, enhanced efforts in green business development, cooperation with Europe about increased
production of renewable energy and desire for cable connections to foreign countries as a tool for
this.
On the other hand, there is desire for lower electricity prices for consumers as a dominating factor
in the political debate, and though the Progress Party often use this as their main position in the
public debate, other parties also use this factor as an important consideration. When using a “lower prices to the consumers” argument as the main condition for development of energy solutions,
cable connections quickly stands with no clear incentives, because they may consider a surplus as
positive. One other hand they may lead to lower power prices due to import when excessive production in connecting countries. The desire for low energy prices is also supported in part by the
energy-intensive industry.
There are two key elements that have emerged in the debate over foreign cable connections. First
is Statnett’s power grid analysis85 where it is an expected development of a large quantity new
small hydro power in southern and south-west coast. Statnett explains that there must be facilitation for increased production while ensuring a secure supply.86 This has not been interpreted as
positive signals for the renewable energy industry which for a long time has called for the need for
external cable connections to avoid a surplus.
The change of the Petroleum and Energy Minister in 2011 resulted in a new twist in the cable
debate. Minister Borten Moe have focused more on negative environmental impacts, need for intensive investments and the need for intervention by cables and high-voltage grids. Borten Moe
further stated that it was better to export flexibility in the form of gas.87 Borten Moe has also previously been reluctant on the cable question, and considers improving infrastructure in Norway as
priority number one, and states that it is not an end in itself to export power to Europe.88
Meanwhile, State Secretary Eli Blakstad (Sp) from the same political party as Borten Moe maintained previously indications that Norway is dependent on the exchange with Europe, and it “is
still the same party and the government” that rules.89 This was widely understood to imply that
work with existing cable projects will proceed.
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http://www.statnett.no/no/Nyheter-og-media/Nyhetsarkiv/Nyhetsarkiv-2011/Nye-analyser-for-Sorlandsnettet/
http://www.aftenbladet.no/energi/Statnett-kortslutter-utenlandskabler-2852017.html
http://www.tu.no/energi/article290178.ece
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In the latest statements from Borten Moe regarding Norway as a green battery for Europe, the
minister focuses on the matter of investment costs in infrastructure, and that large scale building
of pump power plants probably is not a near future concern. The minister believes the Statnett
grid development plan with one cable to Germany (and one to England) gives a realistic direction
on what is feasible in the next ten years in terms of infrastructure.90
Norway has a total electricity production of about 130 TWh and on average an export of power.
Most scenarios point towards an expected surplus in the Nordic countries up to 2020. This is mainly due to the joint certificate support scheme, expected reduced demand growth in the industry,
more energy efficient buildings. A binding energy efficiency goal through the EU renewable directive will contribute to a power surplus. THEMA Consulting estimates between 22-45 TWh power
surplus in their scenarios.91 Markedskraft indicates a surplus of 48 TWh in 2020.92
As almost all most power production onshore is renewable, it is a challenge to integrate 13.2 TWh
new renewable power. It is believed that this must be solved by using renewable electricity in new
sectors such by converting oil and gas heating in households to electricity, increasing use of electric vehicles, using it in the oil and gas sector or exporting it.
Electrification of the Norwegian oil and gas industry is discussed, as this sector may consume 5-10
TWh new renewable electricity. Today most installations are based on energy from gas – a fossil
energy source, and this can be replaced by cables with onshore renewable electricity. This technology is available and ready to be applied.
Electrification of the Norwegian oil and gas industry is not only a measure for reducing greenhouse emissions which of today constitute about 25 percent of the total emission rate, it is also
considered as an important measure in terms of fulfilling Norway`s obligations in the renewable
directive. The reason for this is that electrification of oil and gas industry counts as production, but
is not included as consumption in the directive. It is debated to what extent this measure should
be applied.

90 http://www.tu.no/energi/article295656.ece
91 http://www.nve.no/PageFiles/13083/111012%20-%20Innfasing%20av%20store%20mengder%20ny%20kraftproduksjon%20og%20Nordisk%20kraftbalanse%20-%20FINAL.pdf
92 http://www.tu.no/energi/article297833.ece
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Discussion – Norwegian versus
German findings
In the recent chapters we have presented different possibilities for balancing potential, expectations, scenarios and political objectives. The overall picture is that the expectations
on German side are not coherent with the current development on Norwegian side.
In Norway, the overall political signals have been positive, but when it comes to actual plans and
action the picture is quite different.
The German scenarios point out several different figures; one scenario (SRU 2011) operates with
a (re-)imported amount of electricity from Norway of 76 TWh and exchange capacity of as much
as 42 GW. The SRU assumes that Germany will export the same amount of electricity to Norway
in periods with overproduction, where it will be stored in Norway’s large hydro reservoirs. This is
reimported in seasons when Germany lacks renewable production. The energy scenarios assume
102 TWh imports in 2050, but this will be from all European countries, eventually also from NorthAfrica. Exchange capacity between Norway through Denmark in the energy scenarios are about
2.5 – 4 GW. The Blueprint Germany-scenario estimates 48 TWh import, also without mentioning
country of origin, but stressing that this imported electricity will be renewable. All in all, the figures are high.
The chapters describing the situation in Germany also make it evident that there is no agreement
among different actors about how a 100 percent renewable electricity system can be achieved,
and what role Norway is going to play in such a scenario. This also depends on how high energy
consumption will be in 2050. No matter if total electricity demand will be 300 or 500 TWh, remarkable storage capacity is needed, and Germany’s potential for electricity storage is very limited. In
order to store the electricity nationally, one option is to build compressed air storage. Another is to
store the electricity chemically, by producing artificial natural gas or hydrogen. The problem with
these solutions is that the loss of efficiency degree is mostly more than 70 percent. When storing
mechanically in hydro reservoirs by pumping the water from lower to higher levels, this loss is
reduced to below 30 percent. This means that if Germany shall be nationally independent in its renewable electricity production, storage included, the amount of needed renewable power plants
will be considerably higher than if storage abroad in hydro reservoirs is possible. The SRU-study
illustrates this relation with its two scenarios presented in this report: The “national” scenario 1.a
with 230 GW installed capacity against the Norway/Denmark exchange scenario 2.1a with 163 GW
in order to ensure the same electricity production (509 TWh). By comparison, installed capacity in
Germany in 2005 was 126 GW, of which the major share was coal, nuclear and gas power plants.
One important finding regarding the climate effect of interconnectors is that in 2010 the renewable electricity production contributed to the reduction of 75 million tons CO2 equivalents in
Germany. This was with only 17 percent renewable power in the German electricity mix and if the
availability of several interconnectors between Norway and Germany would enable Germany to
increase its share of renewables in the electricity mix, the interconnectors would have a significant
climate effect. This needs more research in order to come up with a specific figure.
Another major issue in the German energy debate is the required grid expansion. Not only the
internal grid will need considerable expansion, also the international grid connections will have
to be deployed. The energy scenarios operate with estimates that foresee as much as a triplica-
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tion of both national grids and transnational interconnectors by 2050. The SRU also comes to the
result that the importance of grid expansion has been underestimated, both nationally as well
as internationally. In a scenario with high dependence on Norwegian capacities, the need for interconnectors between Norway and Germany would be enormous: 42 GW (with 509 TWh total
electricity demand). This equalizes more than Norway’s total installed capacity, which was 29 GW
in 2010. Nevertheless, the high figure for grid expansion is also criticized by some actors in the environmental movement that argue that the high figures is used as an argument to claim that the
“Energiewende” is not viable. If the energy system is totally changed into a lot of small units and
almost everyone would produce their own energy, there would also be less need for grid expansion. In such a scenario, the consumers would be producers at the same time. In such a case, the
storage issue would still have to be solved, but proponents argue that new solutions will occur.
Maybe battery development and electric vehicles could do the job?
On Norwegian side there is no overall plan for the different measures and solutions needed to
meet the current barriers to deployment of more capacity in Norwegian hydro plants, installation
of pump power plants and grid construction. There are different reports stating technical and/or
economic potential. The general message in all reports and estimates is that there is need for much
more research on environmental impacts. The economic viability has to be calculated for each
project and cable connection, which makes it difficult to have a clear opinion of the profitability.
The Norwegian figures vary, and have a number of different prerequisites. Norway can increase
the production with 10 TWh, increase the efficiency of existing power plants with 16,500 MW, and
it can be technically possible to increase installed capacity with 20 000 MW . The technical potential for increasing capacity in existing power plants varies greatly, figures from 16,000, 20,000 to
85,000 MW have been carefully estimated, these numbers also with many prerequisites.
It is estimated that it could be profitable with interconnectors with up to 8 GW capacity, and that
upgrading of power plants and reduction of flow loss has a potential of 15 TWh, but currently only
2 TWh is technically or economically viable.
The current plans for interconnectors are one to Germany (NordGer or NORD.LINK) and one to the
UK, with a capacity of 1000 MW each. Production start is estimated to 2018 or 2021, and with this
it is clear that there is a significant difference between theoretical potential and the existing plans.
This situation of course creates a challenging environment for massive investments in both infrastructure and production.

DIFFERENCES IN NATIONAL ENERGY DEBATES
In general, an interesting finding is that there is a different approach to the question of future
energy policy in Germany and Norway. Germany has set up long term targets and visions for their
energy sector until 2050. In Norway such a long-term planning is not an issue for debate. Even
though Norway has an almost 100 percent renewable electricity supply, there are considerations
about construction of a new gas power plant in Mid-Norway because of periods with low production in this region. This electricity demand could nevertheless easily be met by renewable energy.
The Norwegian electricity policy reaches only until 2020, which is the time period for the green
certificate system. In Germany, which has an electricity sector heavily dominated by fossil fuels,
they have set up ambitious targets for renewable energy deployment for next four decades. These
targets are extremely disputed, as many actors doubts whether it will be possible to reach them
at all. Nevertheless, the environment movement demand even more: 100 percent by 2050 – at
the latest. With today’s technology, this is almost impossible to achieve, unless one establishes
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binding agreement with other countries – or keeps some fossil power plants “on hold” as back-up
capacity for periods with low renewable production.
The establishment of interconnectors between Norway and Germany therefore seems to be one
of the most realistic alternatives for storage and balancing of intermittent renewable electricity
production, which is currently being discussed in Germany. The other storage and balancing options are either much more less efficient or technical immature in the scale that is needed for a
massive expansion of renewable power. Even though these other solutions may be developed in
the future, there will be a need for balancing power in near future. It is therefore likely to assume
that establishment of exchange capacity between Norwegian hydro reservoirs and German electricity markets will reduce some of the pressure for building new coal and gas power stations in
the German energy debate.
Another interesting finding in the German energy policy is their target for energy efficiency. Until
2050, electricity consumption is supposed to be reduced by 25 percent compared with 2008. This
is as disputed as the targets for renewable energy, as there are no certain road-map for how to
achieve this. However, it is a quite impressive target for a country where energy conservation has
already been a major focus for several years, and where the main saving potential is in the heating
sector, which is not electricity driven, as is the case for Norway.

THE GREEN BATTERY DISCUSSION IN NORWAY
In Norway the current focus is on implementation of the renewable directive and the joint green
certificate system with Sweden. This will probably lead to an excess of electricity production in
Norway. At the same time, the political ambitions for cable connections between Norway and the
continent, including Germany, have been modified. All these factors affect the possibilities for
needed investment in foreign cable connections.
The one scenario all Norwegian actors seem to agree upon is the expectation of a significant power surplus in both the Nordic countries, and Norway. Moreover, the foresights of phasing this surplus into increased national consumption through the power intensive industries, electrification
of oil and gas industry, general consumption and/or electrification of the transport sector, seems
very difficult. There will be a high focus on energy efficiency in the coming years, even without a
binding target from the EU. Although the use of electrical assets is expected to increase, the development of sustainable and energy-efficient products in innovation has such high priority that an
increase in product consumption will not have an effect by increasing power consumption.
This means that Norway is facing a challenge: A lack of sufficient cable capacity combined with an
incoherent power demand and production will lead to an unstable market.
As explained in earlier chapter, there are some clear barriers on the Norwegian side for exporting
hydropower as a balancing mechanism for European intermittent renewable electricity.
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These main challenges are:
•

Environmental consequences of pump power plants and expansion of existing hydro
power plants

•

Sufficient profitability of the different options of increased and/or more efficient
production

•

Sufficient and timely development of power grids

•

The economic aspects of the overall infrastructure in terms of ownership and cost/
investment allocation

•

Achieving public acceptance for building infrastructure

The construction of new hydro reservoirs in new areas in Norway for electricity export is highly
unlikely. The most discussed solutions in recent reports on balancing options are pump storage
and expansion of existing hydro power plants. In most studies there is a clear emphasis on the
technological solution and/or economic viability, and the studies call for more research. There is
also a need for more knowledge about environmental consequences, for example in what degree
more rapid changes in water levels in lakes/reservoirs and rivers will cause harmful effects for biodiversity and erosion, about the consequences of establishing new water ways and other negative
effects during both the construction- and operating phase.
The profitability needs to be calculated for every single project, but the overall conclusion is that
both new capacity and need for new infrastructure will demand massive investments. With little
or no political clarifications and also uncertainty about German or European demand, the willingness for high investments risk is low. The issue of delayed cable connections and also a reduced
ambition level does not increase the willingness for investing in production. The financial aspects
of which actor(s) will take the investment cost for the upgrading of power grids are also uncertain,
and this aspect combined with environmental consequences and visibility of infrastructure leads
to skepticism among politicians and the population.
Although the barriers are significant, there are also clear solutions. The ongoing research projects
on environmental consequences will identify different measures to reduce and avoid negative effects in both construction and operational phase. These effects are also an object of research regarding infrastructure.
This may lead to a more positive attitude in the public sphere, but there are still two important
concerns that need to be addressed: How to convince the public to invest in something that does
not seem like a matter of national security of supply, and how to achieve acceptance for the visibility of infrastructure in the local population? This is challenging even when there is an actual local and urgent need for more supply, and foreign cable connections as an argument will probably
not receive broad acceptance. One solution would be to ensure that the income from the huge
investments benefits the whole population. Another aspect is to set focus on Norway’s great potential to contribute to climate change mitigation.
In this matter it is very important to fully understand the Norwegian focus on power production
and infrastructure: It was only until the Alta case in the late 1970s and beginning of the 1980s
massive development was accepted. The era of large hydro power developments are over, this is
a clear political statement and understanding. Since the Alta case the main focus has been on the
negative effects of additional hydro power development, and the recent Hardanger case with opposition against power lines due to visibility in a landscape with high cultural value illustrates this
conflict. Also, the Norwegian debate has not yet taken the climate aspect fully into consideration,
it is just recently this has come to appear in different debates, objectives and strategies – but still
with national security of supply as the main goal.
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The matter of public ownership also plays an important role when it comes to cost and investment
allocation. With the strong tradition for public ownership it will probably be unlikely, at least from
a political point of view, to offer long term exclusive usage rights or partial/full ownership for potential German investors in Norwegian production facilities and infrastructure.
In order to come closer to a solution we need to address the barriers by ensuring access to a
European market, a timely and efficient development of power grids, more detailed research on
the environmental consequences of infrastructure and increased production/efficiency and last
but not least: achieve public acceptance.
On the German side, politicians, power producers and grid operators will have to decide which solutions they will aim at to ensure sufficient back-up capacity for security of supply. To imagine that
Germany would choose a model where it would be extremely dependent on Norway’s resources
alone is rather unlikely. Instead, most German actors believe that the actual development will be a
mix of several technologies and several cooperation countries. The Germans would have to stake
out the future pathway quite soon in order to make sure that the required relations to neighbor
countries are established and that sufficient investments can be made in due time.

OUTLOOK
The issue of exporting, storing and balancing power has several barriers in the Norwegian society. A lot of attention has been directed towards discussing technical potentials, such as potential for increased capacity in hydropower plants, capacity in existing and planned national grids
in Norway and abroad, capacity in planned and potential undersea cables, and lack of economic
models.

ZERO assumes that the main barrier for large scale export of power and effect is mainly of political character, whereas technical and financial issues can be solved. This is true at least for the
development of the first cables. Technical and environmental obstacles will first be of significant relevance when the capacity of the cables goes beyond 2500 – 3000 MW. This will for instance be relevant if Norway shall cover the import requirements mentioned in the German
scenarios (48 – 104 TWh). But the pace in construction of export cables at the present moment is first and foremost a political issue. National security of supply, low electricity prices
and grid costs, and national policy regarding environment and landscapes are more important for the Norwegian political discourse than the possibility of helping for instance Germany
to reduce its emissions of greenhouse gases, or phasing out nuclear power. The German
need for both power and capacity is poorly understood in Norway. A better explanation of
these needs, coupled with more realistic scenarios from the German side for power imports
from Norway in terms of lower estimates for electricity exchange, would also be beneficial.

A better understanding of how exports will cut emissions may increase the enthusiasm for electricity exports. ZERO believes that a better explained scenario for how Norwegian import will be
used in the German system and hence, how this will contribute to cut large amounts of CO2 emissions will be beneficial in the political debate. One way of solving this would be to establish a
clear linkage between exports and actual emissions, perhaps even in the form of an agreement
between the two countries.
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