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Abstract
Nuclear power is an important energy source in many of today’s industrialized countries to meet the
progressively increasing demand for electricity. The nuclear disaster at the nuclear power plant in
Fukushima Daiichi led to fundamental discussions about the security of these plants and to revisions
of the energy policies in several countries. While most of these countries adhere to their nuclear
strategy, Germany and Switzerland announced to successively decommission the currently operating
nuclear power plants. The objective of this thesis is to analyze and describe the impacts of a not yet
definitive decision to phase-out nuclear power for electricity production as well as to discuss
potential solutions to cover the resulting supply gap. Focusing on Switzerland’s future energy
strategy, first the political discussion about nuclear energy and its decision to phase-out this energy
source are analyzed and critically assessed. In a second step, alternative energy sources are
evaluated and their future potential for covering the electricity supply gap estimated. With a detailed
investigation of the separate, yet related Swiss gas market, an appraisal is given on to what extent
natural gas could serve as a transitional solution to cover future supply requirements. This thesis
allows to better understand the far-reaching effects of a decision to quit nuclear power for electricity
production and to assess alternative supply solutions. Furthermore, the detailed evaluation of the
Swiss gas market gives the possibility to comprehend the politically motivated energy strategy and to
critically review its plausibility.

Keywords: Nuclear power phase-out, natural gas, hydropower, renewable energies, energy policy,
Energy Perspectives 2050, Swiss gas market, Swiss electricity market, electricity supply gap, market
liberalization, CO2-law, security of supply
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1 Introduction
Energy is considered an important driver for the economic development and hence for prosperity.
Besides capital and labor, it is regarded as a third important production factor in economic models. In
addition, more and more goods and services require energy as a determining element. The increasing
demand for mobility, electronic devices, housing space or leisure activities affect the need for
energy, which thus has been continuously increasing recently. Yet, energy played only a marginal role
in economics for a long time as it was comparatively low priced and widely available since the
beginning of industrialization. Therefore, economic theory mainly dealt with the allocation of energy.
With the presentation of the study the Limits to Growth at the third St. Gallen Symposium
(Meadows, Meadows, Randers, & Behrens III, 1972) in 1972 and the first oil crisis in 1973, the
awareness of security of supply related issues has suddenly increased. Today, almost forty years
later, rising oil, gas and coal prices forced the topic to get into the focus of economists and politicians
again, as fears of an upcoming energy shortfall arose. Moreover, the nuclear disaster in Japan finally
led to revisions in thinking of nuclear power and to reconsiderations of the existing energy policies.

1.1 Background
In 2007, the Swiss government developed a thoroughly revised strategy on Switzerland’s future
energy policy up to 2035. Special emphasis was put on electricity, as it is not substitutable, in
contrast to other energy sources. The Energy Perspectives 2035, as building blocks for this decision,
were therefore focusing on expected electricity shortfalls Switzerland will be faced with in the near
future. As a consequence of the recent nuclear disaster in Japan, the Federal Council immediately
announced to exit from nuclear power for electricity production which has been affirmed
subsequently by the United Federal Assembly. This decision caused a fundamental shift in the
existing energy policy, as the large-scale plants will have to be shut down stepwise, hence
substantially reduce the installed capacity for supply by around 40 percent. This requires alternative
energy sources for electricity production to cover the already impending gap and the anyway further
demand in the future. A profoundly revised energy strategy with corresponding measures is
therefore urgently needed in order to close this gap.

1.2 Aim and scope
The decision to exit from nuclear power led to controversial discussions in politics and the economy.
While environmental associations welcome this step, economical parties fear high costs as a
consequence or even shortfalls in electricity supply and thus an increasing dependency on foreign
production as a result of the needed imports. While the Swiss government based its decision on a not
thoroughly elaborated report, an urgently necessary revised energy strategy is still missing.
The aim of this thesis is therefore to illustrate and analyze the potential effects of phasing-out the
nuclear power plants on the Swiss electricity market and subsequently on the Swiss gas market.
Possible options to overcome a potential supply gap will be discussed and their future potential
1
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illustrated. The purpose of this procedure is to have a detailed overview as well as an in-depth
understanding and thereby all the necessary information at hand, to critically assess the politically
motivated discussions on Switzerland’s future energy strategy. Therefore, the central questions this
thesis aims to answer are:
1. What are the effects of the decision to phase-out nuclear power on Switzerland’s energy
policy and its electricity market?
2. How can the adverse effects on the electricity supply be resolved?

1.3 Structure
The following chapter two builds the basis for developing an in-depth understanding of the impacts
of decommissioning the currently operating nuclear power plants. The Swiss electricity market and
its important role as part of the European electricity grid are presented as well as particularities in
production and consumption is explained. Finally, a brief discussion on the ongoing liberalization
process and its effects is provided.
In chapter three, the significance of nuclear power for the Swiss energy policy is highlighted and the
debate on phasing-out this technology, in the light of the nuclear disaster in Japan illustrated.
Furthermore, focusing on the political discussion on a future energy policy and solutions to overcome
the arising electricity supply gap, the Energy Perspectives 2050 are presented, critically assessed and
their effects analyzed. As a constraint for electricity production, the Kyoto Protocol and the derived
CO2-law are explained.
Based on the collected information, the different options to provide the extra electricity or to reduce
the overall consumption are critically evaluated in chapter four. The feasibility of the politically
motivated potentials is thereby critically investigated.
The effects on the Swiss gas market as a separate, yet related market are revealed in chapter 5. The
examination of the dependency structure of the Swiss gas market and the assessment of the security
of supply of natural gas build the basis for the evaluation of natural gas as a transitional solution to
overcome the arising electricity supply gap resulting from the shutdown of the nuclear power plants.
Two different approaches are discussed separately to reveal the impacts, depending on the actual
future energy strategy. In addition, a potential model for the Swiss energy policy is presented.
Finally, chapter six summarizes the main findings of this thesis and provides a critical outlook on
Switzerland’s possible future energy strategy.

2
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2 The Swiss electricity market
Since the industrialization, the demand for energy sources for production purposes as well as for
housing and leisure activities has increased enormously worldwide. 1 Especially the consumption of
fossil energy sources grew disproportionally, as there are numerous fields of applications, e.g.
heating or fuel used for transportation. Today, more than 80 percent of the total energy
consumption is based on fossil fuels, such as coal, gas and oil (Hydropole, 2011). With technological
developments, also the demand for electricity experienced a pronounced period of growth in the
middle of the past century, while its demand is still continuing to grow today.
This progression of the total energy consumption is not only true for the whole world but also for
Switzerland in particular. While its total demand for energy per capita is on a very high level,
Switzerland does not possess any fossil fuel resources and thus has to rely on imports. From the
electricity’s perspective, Switzerland’s demand can be covered with domestic production on a yearly
basis, even though seasonal fluctuations apply, asking for electricity imports. The questions to
address now are the following: What are the consequences of the decision to phase-out nuclear
power for electricity production, as it accounts for nearly 40 percent of the total supply? What are
possible solutions to overcome the upcoming coverage requirements? To develop an understanding
of what these problems are all about, a brief introduction of the Swiss electricity market is covered in
this section as a first step. The information shall be kept in mind, as the discussion about possible
solutions as well as about the implications on the Swiss gas market progresses.

2.1 The Swiss energy and electricity market at a glance
Since the booming period of the 50s and 60s with strong economic growth as well as increased
demographic development, Switzerland’s final energy consumption has augmented exponentially
and is now slowly stabilizing. Where coal served as the main energy source in the first half of the 20th
century, other fossil fuels (mainly used for heating purposes and fuel) and electricity took over the
key role in the second half. 2 Considering Switzerland’s total final energy consumption, one still
recognizes the growing trend in demand as it is typical for most of the European countries, while the
growth rates are shrinking and recently sometimes also became negative (Boesch, 2007, p. 22). As
around two-thirds of Switzerland’s final energy consumption stem from fossil fuels while it does not
have any fossil fuel reserves for its disposal, it has a high dependence on the on foreign suppliers and
thus on foreign countries. The reliability of its contradicting countries on the one hand, as well as the
diversification of the delivering sources on the other hand though ensure steady supply.

1

From 5x10 kWh/year in 1860 (Hydropole, 2011) to 1.4x10 kWh/year in 2010 (BP, 2011, p. 40).

12

14

2

Note: As opposed to most countries of the world, coal never served as an energy source for electricity

production in Switzerland (Defilla, 2007, p.21).
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Figure 1: Final total energy consumption from 1910 - 2010, by energy sources, in TJ.

Source: BfS, 2011a, p. 2.

Electricity, as part of the total energy consumption, shows a similar development (refer to figure 2).
Strong growth rates during the middle of the past century, which is stabilizing now on a lower level.
While in 2005, 3 the first year Switzerland’s electricity production was not sufficient to cover domestic
demand thus asking for an increased import ratio, this scenario will become more evident in the near
future as it will be discussed further below in chapter 3.2 Energy Perspectives 2050 - Bridging the
gap.

3

Note: The NPP Leibstadt had to be shut down on March 28, 2005, after one of its generators failed. The
restoration took several weeks, resulting in the described loss of load (also refer to figure 2) (KKL, 2005).
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Figure 2: Electricity production and consumption from 1950 - 2010, by production categories, in GWh.

Source: BfE, 2011g, p. 13.

Today, electricity covers around 23.6 percent of Switzerland’s total final energy consumption and is
mainly produced by hydropower plants on the one hand, whereby run-of-river plants account for
24.2 percent and storage plants for 32.3 percent, and nuclear power plants on the other hand, with a
fraction of 38.1 percent (BfE, 2011g, p. 13). 4 As figure 3 illustrates, hydropower electricity production
is on a very high level compared to some other western European countries. In contrast, the
conventional-thermal electricity production accounts for only a small fraction of 5.4 percent in 2010.
In total, Switzerland thus has a comparable “clean” electricity production structure. 5
Figure 3: Electricity production structure of a selection of European countries, in 2009, in percent.

Source: BfE, 2011g, p. 7.
4

Note: Figures refer to 2010.

5

Note: “Clean” in the sense of low CO2 emissions compared to other production sources, such as coal, oil or
gas.
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The long-term delivery contracts with France, the ability to cover electricity demand mostly with
domestic production as well as the relatively low generation costs of nuclear power electricity
production6 allow for some 12 percent lower electricity prices in Switzerland compared to the EU-27
average, which equals around 3 Rp./kWh. Due to the topographical peculiarities in Switzerland, the
grid tariffs, as part of the total retail price, are slightly higher than the foreign average. Taxes, as the
third price determining factor, account for around one third of the total end consumer price. The
decided increase of the compensatory feed-in from 0.45 Rp./kWh to 0.9 Rp./kWh as well as the raise
of the water rates and renaturation contribution of together 0.35 Rp./kWh (Immergenugstrom,
2011c) will cause the determined 2012 average price of 19.7 Rp./kWh (ElCom, 2011) to rise in the
mid-term.

2.2 Consumption
As stated in the above section, not only final energy but also final electricity consumption follows an
upward trend. Final electricity consumption has risen since 2009 by 2’291 GWh which equals a plus
of 4.0 percent, to a total of 59’785 GWh in 2010. The high growth thereby mainly stems from the
economic recovery, population growth and the colder weather conditions. While the households and
the industry sector account for almost the same electricity demand, 31.2 percent and 32.2 percent
respectively, the industry sector shows the highest change compared to 2009, which is strongly
driven by the overall economic demand. All the sectors experience an increase in demand, with the
services sector accounting for 26.8 percent and the transportation sector for 8.1 percent of total
consumption (BfE, 2011g, pp. 24 - 26). 7
Figure 4: Electricity consumption by consumer categories from 1984 - 2010, in GWh.

Source: BfE, 2011g, p. 24.
6

Nuclear power electricity production is amongst the cheapest alternatives in Switzerland. The generating

costs by nuclear power amount to 4 to 5 Rp./kWh, calculated as the average over a production lifespan of 40
years (Kernenergie, 2011b).
7

For detailed information and figures on this development, refer to table 6 in the appendix.
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Even though on a technical basis electricity can be understood as a homogenous good, comparing
seasonal elements of demand reveals high fluctuations in consumption and thus attributes to
electricity heterogeneous characteristics. As a clear difference in demand between summer and
winter, as well as different loads on the hourly daily distribution can be assumed, there is also a shift
in the demand behavior on an hourly basis in the winter compared to the summer. Figure 5
represents the increased demand and lower hydropower production during the winter months, thus
calling for electricity imports. The opposite is true for the summer months.
Figure 5: Seasonal fluctuations in electricity demand and production from 2007 - 2010, in GWh.

Source: Nuklearforum Schweiz, 2011.

Figure 6 exemplary shows the hourly load curve for the third Wednesday of March, June, September
and December. The lowered demand during the night hours is clearly observable. But while in
summer peak hours are around noon, the winter months show a double peak around noon and also
in the evenings.
Figure 6: Consumption load curve on the third Wednesday of the month, in MW.

Source: BfE, 2011g, p. 30.
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2.3 Cross-border electricity exchanges
The physical cross-border electricity exchange between Switzerland and the neighboring European
countries is in full use. As figure 5 illustrates, electricity is imported during the winter months when
consumption is high and hydropower production low. In the summer half year on the other hand,
when hydropower production is on a high level because of more rainfalls and melt water and
simultaneously lower domestic demand, electricity can be exported. The trading takes place even on
an hourly basis. Cheap base load electricity is used to pump water up into Alpine reservoir lakes to
store energy, which is then sold again at higher prices during peak hours. Even though Switzerland
had regular electricity export surpluses on a yearly basis for the past decades, with 2005, 2006 and
2010 being the only exceptions, safeguarding electricity supply is mainly prone to the high
consumption and simultaneously lowered production possibilities during the winter half year, which
are balanced by imports and thereby influencing the trade balance (Boesch, 2007, p. 23).
About 50 years ago, Switzerland’s, Germany’s and France’s electricity grids were interconnected via
the switchgear in Laufenburg, today called Stern von Laufenburg (star of Laufenburg). This laid the
basis for the international physical electricity exchange which is increasing the security of supply
through cross-border energy reserves as well as optimizing technical and economic aspects. The
European electricity network is thus a key element for Switzerland’s security of supply (Graf, 2010,
pp. 1 - 2). In turn, Switzerland plays an important role in contributing to the peak load coverage of
the European network. Furthermore, it acts as a key partner in the organization of the electricity
exchanges and for the international electricity transportation as part of the European Network of
Transmission System Operators for Electricity (Boesch, 2007, p. 23). Today, about 23 percent of the
total electricity transported within the European alliance pass through Switzerland, whereof around
80 percent of the imported electricity is exported again (Graf, 2010, p. 2). The cross-border electricity
trading has strongly increased since 1970. While in 2001, the first time the income surplus exceeded
1 billion CHF, the surplus amounted to 1’328 million CHF in 2010 (BfE, 2011g, p. 47). This is more
than the whole electricity expenses for lightning of 1.2 billion CHF (Lexen, 2011), and equals around
13 percent of Switzerland’s total electricity consumption expenses per year (BfS, 2011e).
Comparing the amount of Switzerland’s total imports and exports to the countries size reveals an
exceptional performance. In 2010, Switzerland shows the third largest amount of exports after
Germany and France as well as the third largest amount of imports after Germany and Italy (refer to
figure 7) in the ENTSO-E collaboration network (ENTSO-E, 2011, p. 15).
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Figure 7: Physical electricity flows in Europe and neighboring countries in 2010, in GWh.

Source: ENTSO-E, 2011, p. 15.

As a result, Switzerland plays the role of an electricity hub for Central Europe, not least due to its
geographical location within the European electricity network. But for this to remain, bilateral
electricity agreements between the European Union and Switzerland are necessary and urgent. 8 For
example, in the study Roadmap 2050 conducted by the European Union, scenarios were described
8

As Switzerland is surrounded by European member countries, it would be hard if not impossible to bypass the

European regulations, which makes negotiations inevitable. What is more, the European laws are partly not in
congruence with the Swiss regulations, which is why Switzerland will have to adopt some rules (Graf, 2010, p.
3).
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where the planned Trans-European Supergrid circumvents Switzerland (Graf, 2010, S. 3). Since the
end of 2007, Switzerland has entered negotiations with the EU for electricity transits on a contractual
basis. The core interest of both parties lies on the security of supply. Security standards for the
network shall be harmonized and the network access for cross-border electricity be regulated.
Switzerland could therefore be able to ensure its role as an electricity hub. Furthermore, the flexible
use of pumped-storage power plants to deliver peak load and balance the grid would characterize
Switzerland as the “battery” of the European electricity network, thereby further strengthen its
position as a hub. In a first step, the finalization of the negotiations will regulate the electricity sector.
In the long-run, through the integration of other issues (e.g. energy efficiency, energy infrastructure
or crisis mechanisms in the gas sector) a general bilateral energy agreement is aspired (EDA, 2011,
pp. 1 - 3).

2.4 The grid infrastructure
The major part of Switzerland’s electricity transmission lines were constructed about 50 years ago,
during the exponential growth periods of energy and electricity demand in the 50s, 60s and 70s. The
grid, as well as some facilities, now have to be replaced (BfE, 2011h). Furthermore, the capacities of
the transmission lines are reaching their limits, as the original grid was designed for significantly
lower quantities of electricity. Besides this required expansion of the grid, also new technological
challenges have to be overcome. The growing number of decentralized power plants feeding-in
electricity produced by renewable energies further challenges the balance of the grid due to their
stochastic manner in production. It is therefore necessary to develop the grid more intelligent with
new information- and communication technologies towards so-called smart grids. Another challenge
for the Swiss transmission lines represents their integration into the planned trans-European highvoltage networks, called smart- and super grids (BfE, 2011h). 9 Pierre-Alain Graf, CEO of Swissgrid,
estimates the costs for preparation of the Swiss electricity network for the future at about 6 billion
CHF for transmission grid (SF VideoPortal, 2011b) and even 42 billion CHF for the distribution grid
(VSE, 2011a). In order to deal with the issues regarding the expansion of the Swiss electricity grid, the
workgroup Transmission Lines and Supply Security was founded, which core duties are “….to monitor
the associated developments, background conditions and discussions, analyze any problems that
arise and propose suitable solutions for overcoming them” (BfE, 2011i).

2.5 Ongoing market liberalization
Switzerland started a first regulatory approach for market liberalization in 2003, in congruence with
the EU. Yet, the people rejected the vote. Special circumstances of the Swiss energy sector led to
liberalizing characteristics though even without legally prescribed market organization. First, the
Swiss electricity companies have been acting as large wholesale traders for over fifty years due to
Switzerland’s geographical location in the middle of Europe and the established Stern von
9

For further information on Supergrid, refer to Swissgrid, 2011 and SF VideoPortal, 2011b.
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Laufenburg. Second, in 2003, the case Migros already opened the market for large-scale end
consumers. Thereby, the court followed a complaint which would allow these consumers to choose
an electricity provider different from the one of the monopoly coverage area. Third, big Swiss banks
held interests in the supplying companies until 2003 and around 20 percent of these providers are
still in private ownership. Hence, the market has been partly opened for a long time
(Wohlfahrtstätter & Boutellier, 2010, pp. 58 - 59). Since 2009, the electricity market has been
partially liberalized in regulatory terms. The main focus of the new Electricity Supply Act 734.7 was
laid on the liberalization of the electricity market, while simultaneously still guaranteeing the security
of supply. The aim is to enable end consumers to freely choose their electricity providers. In turn,
producers shall be able to feed-in their electricity into the grid under equal terms, e.g. equal prices.
In a transitional period, large-scale end consumers with a yearly demand of 100 MWh will be free to
choose their electricity supplier, which comprehends around 53 percent of the market (Escher,
Wohlfahrtstätter & Spiliopoulos, 2008, p. 8). From 2015, the market will be fully opened through a
federal convention resolution (Hafner, 2010), which is subject to an optional referendum. The Swiss
parliament or the people therefore may decide not to fully liberalize the market. Due to the
increased workload for the BfE as a result of the decision to phase-out nuclear energy, this second
step might be delayed another half year, as it was planned originally to be implemented in 2014
(Scruzzi, 2011b). Anyhow, the first step would not be cancelled (Wohlfahrtstätter & Boutellier, 2010,
p. 59). As part of the unbundling, Swissgrid as an independent electricity grid operator was
established in 2009 and will become the single owner of the grid by 2014. By this means, the existing
privileged grid usages of the electricity supplying companies have been abolished. Moreover, also the
auctioned cross-border capacities which contributed to a major part to the monopoly rent of these
gird operating companies have been disposed (Escher, Wohlfahrtstätter & Spiliopoulos, 2008, p. 8).
The complementing Electricity Supply Ordinance 734.71 entrusted the Federal Council to establish
the electricity commission ElCom, which reviews grid usage tariffs and electricity prices. Escher,
Wohlfahrtstätter & Spiliopoulos (2008, p. 9) claim that this structure leads to a factual continuation
of the politically dictated tariffs, if not to say of governmental control, thus leaving out the free
market. What is more, the electricity prices for large-scale consumers not switching to different
suppliers have been fixed by law at generation costs level. In the light of the already mostly
depreciated hydro and nuclear power plants, these prices are too low for new (foreign) market
actors to compete (Wohlfahrtstätter & Boutellier, 2010, p. 59).
In conclusion, with the free access to the grid for third parties as well as the wholesale trading, the
Swiss electricity market showed liberalized features already before the new Electricity Supply Act
became binding. What is more, the prices for large-scale customers have been regulated to more
extent than before the liberalization process which is rewarding consumers not participating in the
free market. The effects of the liberalizing efforts in regulatory terms will therefore remain low, if the
legislative terms were not adjusted.
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3 The Swiss Energy Policy
On the basis of the examined Swiss electricity market and in the light of the nuclear disaster in Japan,
the political debate on the usage of nuclear power and the decision to quit this energy source for
electricity production will be illustrated in this chapter. The effects on the Swiss electricity market will
be analyzed subsequently as well as probable solutions to cover impending electricity shortfalls
presented. Finally, the Kyoto Protocol and the derived CO2-law as constraints for these solutions will
be explained.

3.1 Energy policy and the debate on nuclear power
Electricity production is the main purpose of nuclear power for civil use, as it accounts for 13.5
percent of the worldwide electricity supply. Yet, in some industrialized countries the nuclear power’s
fraction in their production portfolios is even much more significant. For example, the electricity
supplied by the five nuclear power plants in Switzerland accounts for around 40.0 percent (BfS,
2011e) of the country’s total electricity production. In other countries like France, this fraction is
even higher (around 75.0 percent, according to IEA. Also refer to figure 3 above) (Nordmann, 2011).
In this context, the discussion about electricity generated by nuclear power seems to be not only of
economical relevance but rather also of political. Due to the importance of this energy source for the
Swiss electricity market, the economic consequences have to be highlighted in the framework of
political decisions. Hence, this section is dedicated to the political debate on the usage of nuclear
power as an energy source and its decision to phase-out made in spring 2011. 10 Thereby, the actual
political decisions as well as the resulting implications for the energy market will be examined.

3.1.1 Switzerland’s nuclear power history
Ever since the beginning of the commercial usage of nuclear power for electricity production, this
energy source led to controversial standpoints in the population, as it was also the case for
Switzerland. This section shall give the reader an overview of the long-lasting debate, showing that a
phase-out has already been discussed earlier but was neglected due to ecological, economical and
political reasons.
While Russia built the world’s first civil nuclear power plant to produce electricity in 1954, only one
year later the ETH physician Paul Scherrer, in collaboration with several industrial firms, established a
research center in Würenlos (AG), the so-called Reaktor AG. 11 The center developed a research
reactor and conceived the long-term aim to build a genuine Swiss reactor line. In 1960, the research
center was handed over to the Swiss government and became known as the Paul Scherrer Institute
PSI. Still aiming for an own commercial reactor line, interested partners along with the Swiss
government built a submontane experimental reactor in Lucens (VD). Technical difficulties led to a
10

Note: One should keep in mind though that the decision is not definitive yet and depends on the acceptance
in the Swiss parliament and possibly also of the people and the states.
11
For further information on the Reaktor AG, refer to Wildi, 2005.
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delay, so the reactor was not finished before 1968. By that time, the facility was already outdated.
During the start-up in 1969, the technicians were faced with a loss of control, leading to a partial core
meltdown. Even though almost no radiological contamination spread into the environment, the
accident at Lucens counts to the world’s most nameable nuclear incidents (SR DRS, n.d., b).
In the same year, Switzerland’s first NPP Beznau I (AG) went on-line, followed by Beznau II (AG) and
Mühleberg (BE) in 1972 (Handelszeitung, 2011). But resistance in the population grew substantially,
while plans were made for a NPP in Gösgen (SO) and Kaiseraugst (AG). Despite on-going recourses on
Gösgen, the construction permit was issued by the government. This soured the ground for the first
demonstration against nuclear power with around 10’000 demonstrators in 1977, with four more big
protests to come (SF Tagesschau, 2011a). Whereas the project in Kaiseraugst was dropped years
later (1989), the NPP in Gösgen was finally built in 1979, followed by Switzerland’s fifth NPP in
Leibstadt (AG) in 1984 (SR DRS, n.d., b).
The Chernobyl reactor disaster in April 1986 led to a revise of the population’s and politics’ opinion
about nuclear power. As a consequence, plans for two additional NPPs were dropped (Kaiseraugst
and Graben (BE)). In September 1990, the Swiss people and the states clearly accepted the initiative
Stopp dem Atomkraftwerkbau (translated: stop building NPPs) and the new Energieartikel (article on
energy) in the Federal Constitution, which equalled a moratorium for new nuclear power plants for
ten years. At the same time, an initiative to immediately quit nuclear power for electricity production
was rejected. The moratorium was perceived as an “active reflection period” to search for alternative
technologies for electricity supply. In 1998, the Federal Council argued for a well-regulated phase-out
(SR DRS, n.d., a). Mainly due to the new implemented CO2-law, a renewal of the ten year moratorium
was rejected as nuclear proponents praised nuclear energy as a clean alternative to fossil fuels,
arguing that reductions in greenhouse gas emissions of ten percent by 2010 would never be possible
otherwise (SF Tagesschau, 2008).
In 2006, the Swiss electricity sector warns from a shortfall in electricity supply and proclaims a well
balanced mix of power plants, including NPPs. The Federal Council decides to either replace the
existing NPPs or to complement them with new ones. As a transitional solution, gas-fired power
plants were to be built, with the obligation to fully compensate their CO2 emissions domestically.
What is more, due to the rising oil prices as well as the rising greenhouse gas emissions, the IEA
advises a massive expansion of renewable energies, but also of nuclear energy. Thereafter, three
new general license applications have been placed at the Swiss government to replace the NPPs in
Beznau, Mühleberg and Gösgen (SF Tagesschau, 2008). In a consultative vote in February 2011, only
one month before the accident at the Fukushima Daiichi NPP, the people of the canton of Bern
declared themselves in favor of a replacement NPP for Mühleberg (Handelszeitung, 2011). 12 But it
was the following month to change the situation and the Swiss energy strategy dramatically.
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The general license applications do not further specify the reactor type to be used. The expert report of the

Ensi (2010a, pp. 15 - 16 & 2010b, pp. 19 - 20) only states that generation III reactors will be constructed, but
leaving room for generation III+ reactor types.
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3.1.2 The accident at the Fukushima Daiichi nuclear power plant
On March 11, 2011, Japan’s east coast was hit by an undersea mega thrust earthquake, with its
epicenter approximately 70 kilometers off the coast of Tohoku and a hypocenter at an underwater
depth of around 32 kilometers. The 9.0 magnitude (Benz & Ransom, 2011) earthquake was the fifth
strongest earthquake in the world since modern record-keeping began in 1900 and the most
powerful in Japan’s recorded history (Branigan, 2011), followed by some aftershocks with
magnitudes well-above 7.0 and hundreds still above 5.0 on the scale (Pollack & Bradsher, 2011).
Even though there are several nuclear power plants located in the affected area on Japan’s east
coast, the Fukushima Daiichi installation suffered the most from the destructive tsunami that
followed the main earthquake. Although off-site power was lost due to the seismic event, all the
operational units at the facilities shut down by the automatic system installed to detect earthquakes.
As designed for the case of a loss of power, all the diesel generators were in operation to provide
emergency power for the pumps to still cool down the reactors. The seismic sea wave overwhelmed
the defenses of the Fukushima facilities, which were designed to withstand only waves of a
maximum height of 5.7 meters. But the actual tsunami wave was estimated around 14 meters and
reached deep into the facilities, causing instrumentation and control system failures in reactors 1 - 4,
as well as the loss of all but one emergency generators to share power for reactors 5 and 6 only.
Because of the lack of electricity neither on- nor off-facility, the reactors quickly heated up due to
usual decay heating, causing the coolant water to boil (IAEA, 2011, pp. 2 - 3). To prevent the reactors
from damage, the installed pressure relief valves set free excessive steam (even though filtered it
was still slightly radioactive), resulting in decreasing coolant levels. Explosions, caused by the massive
amount of hydrogen in the steam mixing with air (Brook, 2011), further destroyed the site and let
radiological contamination spread into the environment (IAEA, 2011, p. 3). According to Japan’s
Nuclear Emergency Response Headquarter (CNN World, 2011), all the three operative reactors at
Fukushima I experienced a full core meltdown within 16 (reactor 1) and 100 hours respectively
(reactors 2 and 3). As a consequence of the ever rising radiological contamination, the nuclear
disaster at Fukushima Daiichi has been raised to level 7 on the International Nuclear Event Scale by
Japanese officials (highest level, the same level as Chernobyl in 1986) on April 11, 2011, thus being a
“major accident” and a massive threat for the environment (Rehberg, 2011).
After the accident happened, the Japanese government evacuated a radius of 20 kilometers around
Fukushima I, which has been subsequently extended to 30 kilometers. The limits stayed unchanged,
even though the US government and Greenpeace strongly suggested to expand the evacuation zone
(refer to figure 8). On April 21, 2011 the 20 km radius was declared as an exclusion zone, forbidding
evacuees to return to their homes without governmental authorization (Die Zeit, 2011). According to
Fackler (2011), the Japanese government is close to declare the exclusion zone as uninhabitable for
an indefinite time horizon, perhaps for decades. Besides that, the Japan Centre for Economic
Research (Röttger, 2011) estimates the clean-up process to last ten years at least, saying it is very
likely to take longer, with estimated costs of 168 billion Euros.
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Figure 8: Estimated first year dose of radiation around Fukushima Daiichi.

Source: The Examiner, 2011.

3.1.3 The decision to phase-out nuclear power in Switzerland
On March 14, 2011, only three days after the accident at the Fukushima Daiichi NPP, the Swiss
government suspended the ongoing general license applications for the three planned replacement
NPPs in Gösgen, Beznau and Mühleberg. After a joint session with the ENSI and the BfE, the
government ordered an ahead of schedule safety inspection of the five running NPPs, stating that
safety is on highest priority. Besides this, the ENSI has been assigned to precisely analyze the factors
leading to the nuclear disaster in Japan and to develop derived safety standards, in particular
questions regarding earthquake safety and cooling systems (UVEK, 2011c). 13
Along with these decisions, the government mandated the UVEK to work out three scenarios for
Switzerland’s future nuclear power strategy, with focus on electricity supply. The first scenario bases
on a continuation of today’s power mix, while replacing the three oldest NPPs before maturity, thus
acting in a sense of highest possible security while maintaining the 40.0 percent of to the total
electricity supply by nuclear power. In contrast, the second scenario would not replace the existing
NPPs after their lifespan, but does not closer define their effective operating life. Their “natural
lifespan” is assumed to be around 50 years (SF Tagesschau, 2011) but is heavily depending on
security standards. In a third scenario, the existing NPPs would be shut down before the end of their
security-related service life, meaning a premature phase-out (UVEK, 2011b). These scenarios build
the basis for the Energy Perspectives 2050 and shall disclose economic impacts as well as domestic
13

For further information on the security of the nuclear power plants and the Pegasos study refer to Scruzzi,

2011a.

15

Nuclear Power Phase-Out

The Swiss Energy Policy

policy and external affairs questions regarding Switzerland’s electricity supply. These Energy
Perspectives will be closer described in chapter 3.2 Energy Perspectives 2050.
By the end of May 2011, the Federal Council decided on scenario two. The third setting has been
considered out of question due to the compromise in terms of the stability of the grid and the
security of electricity supply. Furthermore, investigations confirmed the security of the five running
Swiss NPPs under the current safety standards. Scenario one was neglected by the government
because it would still contain the residual risk of a nuclear maximum credible accident, thus not
being future-oriented. In addition, this alternative would hinder the turnaround towards renewable
energies. Hence, the second option has been considered the best alternative. The existing facilities
shall be in operation as long as they are safe, without a specific due date (SF Tagesschau, 2011c). The
Federal Council today assumes a service life of 50 years, which implements a shutdown of Beznau I as
the first nuclear power plant in 2019, followed by Beznau II and Mühleberg 14 in 2022 and Gösgen in
2029. Leibstadt, as the last NPP to go off-line, will be cut off in 2034 (Tages Anzeiger, 2011a). In the
short-run, the emerging electricity supply gap shall be bridged by electricity imports and gas-fired
power plants (SF Tagesschau, 2011b). This incremental phase-out further allows for a new energy
strategy and new energy systems to be implemented as desired. Elements and details of this strategy
are described below in chapter 3.2 Energy Perspectives 2050.
The energy strategy document served as a preliminary paper for the discussion in the National
Council on June 8, 2011, after the Federal Council announced to cutback nuclear power for
Switzerland’s electricity production. The large chamber of the parliament clearly carried three
motions of different parties to redefine Switzerland’s nuclear power involvement. The first motion
from the Green Party, postulating a nuclear power phase-out “as soon as possible”, has clearly been
accepted, while their sub-motion to oblige the Federal Council to develop strategies for the phaseout by the end of the year has been rejected. The motion from the CVP calls for a well-regulated
phase-out as well as a binding mandate to the Federal Council to promote renewable energies and
energy efficiency. This motion has been considered as the central element of the National Council’s
decision and is also following the Federal Council’s choice for scenario two with its stepwise phaseout. The third motion from the BDP urges that general license applications for new NPPs shall no
longer be approved, implementing that no more NPPs could be built in Switzerland (NZZ, 2011d).
Following the National Council’s debate, the Council of States’ Energy Commission UREK-S took on
the accepted motions for further discussions. But in contrast to the National Council, the UREK-S
suggested to modify the motions, such that nuclear power electricity production shall still be
possible, but only for next generation reactors (no possibility of discharge of radioactivity in any case
and no long-lasting nuclear waste, defined as approximately one human generation) (Brotschi,
2011). 15 With this, a complete technology prohibition would be avoided. Education, teaching and
research shall be furthered in every energy technology (with the main focus on renewable energies),
14
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whilst nuclear energy shall not be neglected absolutely. Furthermore, the large chamber of the
parliament voted a specified stepwise phase-out, whereas the UREK-S suggested to follow the will of
the Federal Council, namely to phase-out as security standards mandate (NZZ, 2011a). Nevertheless,
on September 28, 2011, the Council of the States voted in favor of the three motions, thus also
proclaiming a stepwise nuclear power phase-out. The Swiss parliament thereby follows the will of the
Federal Council. But in contrast to the energy commission’s suggestion to allow electricity production
by next generation reactors, the Council of the States decided to only slightly modify the motions
such that research in nuclear power energy will not be prohibited (NZZ, 2011f & SR DRS, 2011a). Due
to this modification, the National Council took on the motions again on December 6, 2011, which
were all accepted by a large majority. By this, the Swiss parliament mandated the Federal Council to
elaborate provisions in the existing Nuclear Energy Act 732.1, which prohibit the construction of new
nuclear power plants. In doing so, these provisions shall not preclude nuclear power technology
research. Furthermore, the Federal Council shall periodically report to the parliament on the
development of the technology (NZZ, 2011c). The revised Act will then be discussed again in the two
Chambers, so one should be aware that the proclaimed nuclear power phase-out is not definitive yet
(SR DRS, 2011a). Moreover, critiques claim that this decision requires a change in the constitution,
thus the Swiss people and the states would have to vote on it. An expert report published by the
Federal Office of Justice points out though that the decision could formally be implemented in the
Nuclear Energy Act without changes in the Constitution. However, for political tactical reasons it
would be reasonable to anchor provisions in the Constitution. Another report edited by Riccardo
Jagmetti, on behalf of the association Swisselectric, claims a change in the Constitution as
mandatory, as Art. 90 in the Constitution would revise a new meaning (AZ Medien, 2011). Rolf
Büttker, member of the Council of the States, therefore mandates the Federal Council to critically
review the question whether or not the decision shall be implemented on a constitutional level (20
Minuten, 2011b). Even though the necessity of constitutional changes is unlikely, this would elongate
the process of finding a definitive solution substantially. It is therefore of great importance to
investigate probable effects of a definitive decision to phase-out nuclear power not only on the
electricity but also on the gas market already today, so strategies and measures can be implemented
and actions taken.
The decision to phase-out nuclear energy is accompanied by huge investments for dismantling the
existing nuclear power plants. According to the BfE (2011f), the estimated costs for the
decommissioning of the nuclear power plants, the post-operational period and radioactive waste
management amount to 20,654 billion CHF, which is 10 percent more than estimated in 2006. 16 The
management of waste thereby accounts for 15,970 billion CHF, the decommissioning for 2,974 billion
CHF and the post-operational period for 1,709 billion CHF. The costs are financed via two separate
funds, the Decommissioning Fund and the Nuclear Waste Disposal Fund for Nuclear Power Plants,
which are augmented by contributions from the operators, totaling at around 190 million CHF yearly.
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3.1.4 The effect on energy supply
By announcing not to renew the nuclear power plants which are currently in operation, the
electricity supply side is faced with a stepwise loss of electricity production capacity. To make
statements about the future development of the electricity supply affected by the decision to phaseout nuclear power, assumptions have to be made. First, this thesis assumes the decision to phase-out
to be definitive, meaning a well-regulated shutdown of the existing NPPs. Therefore, the NPPs are
kept on-line as long as it is justifiable in terms of safety, which leads to the second assumption.
Today’s supposition of the safety-related lifespan of the five existing nuclear power plants is assumed
to be 50 years. As stated in the above section, this highly depends on security standards, thus could
effectively be more or less than the assumed duration. But for further investigations, 50 years are
defined to be fixed. Third, for the development of a better understanding, the future demand for
electricity in a reference scenario is assumed to rise constantly at a rate of around 1.0 percent per
hydrological year, 17 which corresponds with today’s energy policy (BfE, 2011e, p. 13). This growth
results from population growth on the one hand and the ever increasing use of electronic devices on
the other hand. Besides this, the electrification in the transportation sector is bound to happen,
which again contributes to the growth. Furthermore, introduced and implemented policy measures
for energy efficiency and renewable energies are also already incorporated in the exhibited growth
rate (BfE, 2011c, pp. 1 - 2). Fourth, to clearly specify the upcoming coverage requirements, today’s
existing electricity production portfolio not affected by the phase-out decision is assumed to be
constant for the time up to 2050.
With an assumed maturity of 50 years, the 1969 built NPP Beznau I with a yearly load of around 3
billion kWh, will be the first to be cut off in 2019. Three years later in 2022, Beznau II and Mühleberg
will be phased-out, resulting in a combined yearly loss of 5.7 - 6.0 billion kWh. The nuclear power
plant in Gösgen, to follow in 2029, produces an average yearly load of approximately 8 billion kWh.
Switzerland’s most powerful NPP in Leibstadt will expectedly be shut down in 2034, resulting in a loss
of almost 10 billion kWh per year (Tages Anzeiger, 2011a). In total, this will add up to a shortage of
Switzerland’s electricity supply of approximately 27 billion kWh per year in 2034. 18
Besides this, electricity imports from supply contracts with other countries will start to expire in 2016
(Energiedebatte, 2011a). Today, around 17 TWh or electricity per annum stem from these imports
(around 15 TWh from France), a fraction that will decrease up to 2020 to a remaining 10 TWh and
will further decrease to 2.6 TWh in 2035 before expiring (BfE, 2011e, p. 73). Due to the European
electricity market liberalization, a renewal of these contracts is impossible, as they would contradict
with the implemented laws. Switzerland would have to buy electricity spot on the market, which
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early winter captured as snow and ice, which is discharged as melt water in spring of the following year (BafU,
2008).
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would drive up the domestic prices for consumers, as the prices abroad tend to be higher than the
Swiss average prices (Axpo, 2011).
Switzerland’s electricity supply is mainly provided by hydro and by nuclear power. The electricity
production by water is composed of run-of-river power, which contributes 47 percent to
hydropower, of storage power, 49 percent, and of pumped-storage power with the remaining 4
percent. The total installed capacity of the over 550 power plants equals 37.45 TWh (2010), which
conforms to 56.5 percent of Switzerland’s total electricity supply. The production by new renewable
energies only contributes to a small portion to the overall energy output. As for 2010, 0.466 TWh
were produced by diverse renewables like solar power, wind energy and biomass (BfS, 2011e). This
fraction is commonly assumed to increase distinctly, as it is promoted by the Swiss government. For
now and in congruence with the assumptions above, the part is considered to be stable over the
years. As a result, accounting for the already introduced and implemented policy measures and the
phase-out of Switzerland’s nuclear power plants, the assumed future energy supply mainly consist of
hydropower and a marginal fraction of new renewable energies. Adding up the two energy sources,
Switzerland’s electricity supply will decrease consistently until 2035, resulting in a stable supply of
37.49 TWh up to 2050. 19
Because of the above-mentioned reasons, the electricity demand is assumed to rise at a rate of 1.0
percent per hydrological year. Whereas in 2009, Switzerland’s total electricity demand equaled 64.29
TWh, the electricity demanded by the economy and the population will rise to 72.72 TWh in 2020
and will further rise to 86.30 TWh in 2050. The figures already include the electricity required for
pumped-storage plants. As the ever increasing demand for electric power is opposed by a decreasing
trend in supply, electricity coverage requirements start to open in 2018 for the winter half years,
thus mainly affecting peak load. In 2020, according to the study of Kirchner, Ess & Piégsa (2011), the
electricity supply will have a deficit of 3.85 TWh. The gap widens to 40.36 TWh until 2035 and results
in a shortage of 48.81 TWh of electricity per hydrological year in 2050 (table 1 and figure 9), thus not
only influencing peak but also the base load, especially during the winter months when hydropower
production is low (Kirchner, Ess & Piégsa, 2011, p. 14).
Table 1: Theoretical future electricity supply gap for Switzerland, per hydrological year, in TWh.

Hydrological year

2009

2020

2035

2050

Total electricity supply

82.53

68.87

38.44

37.49

Total national consumption

64.29

72.72

78.80

86.30

Electricity supply gap

-18.24

3.85

40.36

48.81

Source: Own illustration, based on Kirchner, Ess & Piégsa, 2011, p. 14.
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The construction of new pumped-storage power plants is planned up to 2015. Used as energy
sources to temporarily compensate for fluctuations in the irregular production by renewable
energies (e.g. wind or sun) and to store energy when electricity is in excess, these plants would add
an additional electricity demand of 5.6 TWh per hydrological year, thus totaling in 91.9 TWh yearly of
Switzerland’s electricity demand in 2050 (BfE, 2011c, p. 2). As this data is not included in table 1
above and figure 9 below, the coverage requirements would alter correspondingly.
Figure 9: Existing electricity production portfolio of Switzerland, energy demand and coverage requirements
per hydrological year, in TWh.

20

Source: Own illustration, based on Prognos, 2011, p. 14.

As the above discussion revealed, not only Switzerland, but also other European countries like
Germany are faced with severe problems with the supply of electricity. As the Federal Council states,
today’s security of supply, characterized by the high quality as well as an excellent availability, mostly
CO2-free production and competitive prices, will also be guaranteed in the future (UVEK, 2011a). But
the above section showed the immense problem to solve. New measures and strategies thus have to
be implemented in the very near future to tackle the mentioned problems. But the immediately
needed overall energy strategy does not exist (yet), which sours the ground for critiques.

20

Data refers to information on energy supply in Switzerland as of 2009.
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3.1.5 Critical review
The short time-span after the nuclear disaster at Fukushima Daiichi the Federal Council announced to
quit nuclear power for electricity production led to controversial standpoints in policy and the
economy. Environmental associations, the Social Democratic Party and the Green Party of
Switzerland as well as other nuclear power opponents were delighted about the decision, stating
that the way is now paved for an energy policy shift, even though the long time to maturity of the
running power plants is still criticized. Especially the “dangerous” plant in Mühleberg shall be shut
down immediately (Aargauer Zeitung, 2011). Critics from the politics’ right wing and from the
Economiesuisse as well as other economical representatives object that the decision made under
high political pressure is “dubious, contradictory and irresponsible” (NZZ, 2011e), thus endangering
Switzerland’s security of supply, autonomy and economic efficiency in electricity production.
Furthermore, higher prices would burden the population and the economy. As a result, the economy
would have to deal with job cuts and relocations of energy intense companies to foreign countries
(SR DRS, 2011b). The critics’ argumentation bases on the increasing energy efficiency, the aspired
development in renewable energies, electricity imports and fossil-fueled electricity production,
which have not been seriously proved as solutions to overcome the arising electricity supply gap. The
time for the decision to phase-out was too short for a serious comparison of the alternatives and for
estimating economical costs and consequences as well as for deriving an urgently needed overall
energy strategy. Electricity suppliers further criticize the massive governmental intervention and the
resulting costs for the population. The framework for an almost CO2-neutral electricity production
has been altered, which complicates the achievement of climate political targets. What is more, the
economy and the cantons have not been consulted for updating the scenario IV of the Energy
Perspectives 2035 from 2007, which built the basis for the new Energy Perspectives 2050 (NZZ,
2011e).
The former director of the BfE, Eduard Kiener (SF Tagesschau, 2011d), also warns from drawing
premature conclusions. According to him, a formal decision to phase-out nuclear power would be
wrong because it could be hard to correct if the society is not ready to deal with the consequences.
He further states that it would be wrong to submerge the discussion only on how it would be
possible to substitute nuclear power for electricity production. Rather, the whole energy supply
model has to be shifted towards renewable energies, as it is also stated by the Swiss Union for small
and medium sized enterprises SGV (Aargauer Zeitung, 2011). To sum up his point of view: “Ein
kontinuierlicher Aufbau ist aber sinnvoller als eine hektische Subventionierung” (translated: A
continuous build-up makes much more sense than a hectic subsidization) (SF Tagesschau, 2011d).
As it will be discussed in more detail below (chapter 4 Critical review of the options), the extension of
renewable energies for electricity production is inevitable, out of which hydropower plays the most
important role. Rolf Wüstenhagen (3sat, 2011), head of the Institute for Economy and the
Environment IWOE and professor at the University of St. Gallen, speaks of a tough challenge for
Switzerland’s energy landscape. If the first two nuclear power plants are shut down at the end of the
decade, the renewable energies’ share will have to cover an additional 15 percent of electricity
supply. He estimates that by 2030 already two-thirds of the overall production are going to stem
from hydropower. According to the Energy Strategy 2050 (chapter 3.2 Energy Perspectives 2050 21
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Bridging the gap), around 4 TWh will be produced by expanding hydropower until 2050, out of which
2.4 TWh will be achieved by reconstruction and modernization of existing facilities and another 2
TWh by small-scale power plants. But due to the strict environmental regulations, the hydropower
potential for Switzerland has been estimated by the industry as rather low, e.g. Alpiq. Experts are
thus agreeing that an expansion of hydropower is only possible by loosening the existing
environmental regulations, which would very likely result in an opposition of environmental
organizations like WWF or the population itself. Anton Schleiss, Professor for hydraulic engineering
at the Swiss Federal Institute of Technology in Lausanne, believes that the figures proposed by the
government are entirely unrealistic (3sat, 2011).
On the other hand, covering the electricity supply shortfalls by gas-fired power plants raises
Switzerland’s dependence on the foreign energy sources. As gas becomes more important in the
future in other countries surrounding Switzerland, this energy source gets scarcer. A bilateral treaty
on gas thus seems inevitable. According to Urs Meister, energy expert at Avenir Suisse, such an
agreement is still long way off though (Wirtschaftsblatt, 2011).
What is more, The Federal Council’s argumentation in favor for phasing-out nuclear power bases on
studies edited by the Swiss Federal Institute of Technology in Zurich (e.g. Amtliches Bulletin, 2011).
Silvio Borner (in Energiedebatte, 2011b) reveals that reviewing these studies for verification is not
possible due to the lack of availability of the data to the public. The Swiss Federal Institute of
Technology therefore states that these studies have not been designed for comparison of the
alternatives for electricity production with or without nuclear power. Rather, they base on the
decided strategy to phase-out nuclear power. Borner thus precisely points out that the studies were
more a retrospective justification than a sound basis for decision-making.
The Federal Council reacts to the criticism by arguing that the Swiss electricity industry became too
inactive as a consequence of the strong regulated market. The main reason for this may lie on the
aim of selling as much electricity as possible. The Federal Council thus analyzes, by which incentives
efficiency targets might be achieved. The mere increase in turnover of kWh shall not pay off. Also,
the network operator Swissgrid is criticized for having invested too restrained. While in the past 15
years around 1’000 km of new transmission lines should have been constructed, only 200 km were
actually built, which calls for a rising electricity prices in the near future anyway (Blick, 2011a).

3.2 The Energy Perspectives 2050 - Bridging the gap
In the context of the probable future electricity demand development discussed in the above section,
the Swiss government sets the political framework within which the demand for and the supply of
electricity are bound to happen. The energy article in the Swiss Federal Constitution (Art. 89 BV), 21
the Energy Act 730.0, the CO2 Act 641.71, the Nuclear Energy Act 732.1 and the Electricity Supply Act
734.7 are amongst the instruments of the government for a sustainable and modern energy policy. In
21

The energy article basically contains the objectives for the federal and cantonal energy policies. Thematically,

the article mainly focuses on energy consumption. Energy production and conversion are not covered directly
in the article but are derived from energy supply and consumption provisions (Ehrenzeller, 2002, Art. 89 N 3).
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addition to these legal mechanisms, the energy policy also includes the mandatory presentation of
energy perspectives, strategies, implementation programs and the evaluation of energy political
measures (BfE, 2011d).
As the discussion about the shutdown of the Swiss nuclear power plants showed, Switzerland’s
electricity market is faced with an opening supply gap starting around 2018. If no actions are taken
and the electricity demand is continuously rising as forecasted, Switzerland will be faced with
electricity coverage requirements of 48.81 TWh by 2050 (refer to chapter 3.1.4 The effect on energy
supply). The question is now, what can be done to overcome this upcoming problematic situation?
The Energy Perspectives 2050 address this question on a political basis and show political solutions to
help the Swiss government to derive the future energy strategy. This set of actions for the demand as
well as for the supply side shall be discussed. They can be considered as the political boundary
conditions for the further investigation of the implications of the phase-out of nuclear power on the
Swiss gas market.

3.2.1 The new energy policy
In order to make proper statements about probable actions to be taken, a reference scenario has to
be set up. This reference scenario “Weiter wie bisher” (continuing as before) is basically intended to
show which path the future electricity demand will follow with today’s decided and implemented
measures. On this basis, an alternative scenario “Neue Energiepolitik” (new energy policy) is set up
for comparison in a second step.

3.2.1.1 Scenario continuing as before
The scenario continuing as before is provision oriented and thus serves as a reference point for a
scenario with strengthened policy. It mainly bases on two opposing trends. An autonomous trend for
energy efficiency is suggested, whilst new technologies and thus new electricity consuming
appliances, increased housing requirements per capita, increased demand for comfort (e.g.
whirlpools) and the tendency to have more than one set of appliances (e.g. televisions) raise the
demand for electricity. The electrification of the motorized private traffic will further grow to a share
of 25 percent of the total vehicle fleet in 2050, which equals around 140’000 licenses for private
vehicles yearly (BfE, 2011e, p. 12). 22
The electricity demand developments by sector evolve very differently from one to the other up to
2050. Despite the increasing population and housing space required, the household sector is
expected to stabilize its total electricity demand due to efficiency gains at around the level of 2009.
Compared to 2009, the sector industry will demand around 33 percent more electricity by 2035 and
even 38 percent more by 2050. Due to the growing services sector, the demand increases to around
29.2 TWh, which equals an increase of 59 percent in comparison to the 2009 electricity consumption
level. By far the highest augmentation is expected in the transportation sector. On the one hand, an
22
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increasing electricity demand is bound to happen due to the extension of the public transportation.
On the other hand, as stated above, the portion of private passenger cars powered by an electric
motor will rise to 25 percent of Switzerland’s total fleet. Main reason for the substantial
electrification lies in the ever increasing efficiency of these motors. Compared to a standard fossilfuel driven car, the specific energy consumption is only around one third, thus driving up the demand
for electricity to 3.1 TWh (BfE, 2011e, 22 ff.).23 The findings are summarized in table 2 below.
The different developments of the electricity demand in the four sectors are also impacting the
portions of these sectors of the total electricity demand. While the industry’s total share is expected
to remain constant and the households’ share even shrinks, the services’ and especially the traffic’s
share are heavily increasing. There are multiple reasons for this effect, with population growth as the
main cause, leading to an either direct demand by augmenting needs for transportation or indirectly
through automation and processes (BfE, 2011e, 22 ff.). Table 3 thus breaks down the total demand
by end use.
Table 2: Electricity demand by sector, scenario continuing as before, in TWh.
Electricity

2009

2020

2035

2050

2035/2009
%

demand by

2050/2009
%

sector

Sector’s

Sector’s

portion in

portion in %

% by 2009

by 2050

Households

18.0

17.8

17.5

17.7

-2.78

-1.67

31.3

22.5

Services

18.4

22.2

25.2

29.2

36.96

58.70

31.7

36.9

Industry

18.3

22.8

24.4

25.3

33.33

38.25

31.7

31.8

Traffic

3.1

3.3

4.7

6.9

51.61

122.58

5.3

8.8

Total

57.8

66.1

71.9

79.2

24.39

37.02

100.00

100.00

Source: Own illustration, based on BfE, 2011e, p. 23.

The growing population demands a higher housing stock and thus an increase in demand for
electrical goods related to housing, e.g. cooking, illumination, entertainment, etc. The electricity
demand is thereby growing more than efficiency savings can be achieved as a result of technical
progress. The electricity demand related to the economic sectors is mainly affected by production
and employment. As with the household sector, efficiency gains will not be sufficient to cover the
rising demand, thus the total demand in these sectors is again increasing (BfE, 2011e, p. 24).
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Passenger cars only. Rail passenger transportation will be 2.86 TWh and rail freight transportation 1.0 TWh

by 2050, thus totaling around 7 TWh.
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Table 3: Electricity demand by end use, scenario continuing as before, in TWh.
Electricity demand by end use

2009

2020

2035

2050

Space heating

5.8

6.4

6.1

6.3

Hot water

2.3

2.3

2.4

2.4

2035/2009

2050/2009

%

%

5.17

8.62

4.50

4.35

No exact data

Cooking

1.3

1.3

1.4

1.4

Process heat

6.1

7.8

8.9

9.7

45.90

59.02

Illumination

5.6

6.3

6.4

6.7

14.29

19.64

5.8

7.2

8.6

9.7

48.28

67.24

1.1

1.6

2.2

3.9

103.00

254.55

Automation, processes

24.7

27.8

29.7

31.4

20.24

27.13

Traffic

3.1

3.3

4.7

6.9

51.61

122.58

Miscellaneous

1.1

1.4

1.2

0.9

9.09

-18.18

Total

57.8

66.1

71.9

79.2

24.39

37.02

Ventilation, A/C, household
system
Entertainment media,
information and communication

available

5.32

Source: Own illustration, based on BfE, 2011e, p. 23.

3.2.1.2 Scenario new energy policy
The alternative scenario new energy policy bases on the concept of the 2’000-Watt society, which
serves as a setting for energy and climate policy objectives of the Federal Council. The scenario is
thus, contrary to the scenario continuing as before, target-oriented. The 2’000 watts are thereby
relating to the average total energy consumption per capita (not only electricity). 24 To achieve these
goals, an energy political paradigm shift is needed, which includes a set of instruments and sub
targets (BfE, 2011e, p. 47). 25
The electricity demand development up to 2050 in this scenario shows three different trends.
Despite the still growing population and the rising number in housing space required, the
consumption of electricity will decrease continuously. This trend is due to efficiency gains and the
implementation of political measures, e.g. an energy levy, regulative laws or funding mechanisms. In
contrast, the industry and services sectors will be raising their total demand up to 2020 before they
also start to decline, ending in a decrease of electricity demand of -4.4 percent and -8.7 percent
respectively in 2050 compared to 2009. Opposite to those two trends, the electricity demanded by
traffic will increase over the whole period. While the average yearly growth rate of electricity
demanded in the transportation sector equaled 1.8 percent between 2000 and 2009, this figure is
rising to 2.3 percent between 2009 and 2020, and will even reach a level of 3.7 percent for the period
24

This equals 17’520 kWh per capita and year. Today’s average lies at around 5’000 watts, whereof 3’000 stem

from fossil fuels (BfE, 2011e, p. 47).
25

The same assumptions on macroeconomic conditions as well as demography and traffic as in the above

scenario apply. For further information on these instruments, prerequisites and sub targets, refer to BfE,
2011e, pp. 9 - 11 & 47 - 49.
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2020 and 2035. The driving reason behind this is the electrification of passenger cars and other
transportation. Between 2035 and 2050, the total demand will decline to a level of 0.9 percent
yearly. On the one hand, saturation effects in the market arise in the penetration of electrical
vehicles. On the other hand, still further efficiency gains will be achieved (BfE, 2011e, p. 60).
But not only the above mentioned trends differ from sector to sector but also do the growth rates.
The total electricity demand growth rate between 2000 and 2009 was rising at a level of around 1.0
percent. A drop in this rate will be seen in 2009 - 2020 to a yearly average of 0.7 percent. In the years
to come till 2050, this rate will further decrease to an average yearly electricity demand growth rate
of -0.3 percent. While the rates for traffic will nonstop be positive, the growth rate for households
will always be negative, with levels between -0.4 percent (2009 - 2020) and -0.8 percent (2020 2035). In congruence with the trend mentioned above, the industry and services sectors will have
positive rates in a first step and will also become negative on average after 2020 (-0.6 percent and 0.5 percent respectively). This reduction in demand will only be feasible, if the used technologies in
these two sectors follow significant improvements with regards to energy efficiency, e.g. reduction in
force for production or more efficient ventilation technologies, etc. All these trends will alter each
sector’s electricity demand portion in 2050 compared to 2009, with traffic having the highest gain,
while households will reduce their consumption the most (BfE, 2011e, p. 60). These findings are
summarized in table 4.
Table 4: Electricity demand by sector, scenario new energy policy, in TWh.
Electricity

2009

2020

2035

2050

2035/2009
%

demand by

2050/2009
%

sector

Sector’s

Sector’s

portion in

portion in %

% by 2009

by 2050

Households

18.1

17.2

15.1

13.9

-16.57

-23.20

31.3

24.8

Services

18.4

19.4

18.5

16.8

0.54

-8.70

31.7

30.2

Industry

18.3

21.1

18.4

17.5

0.55

-4.37

31.7

31.1

Traffic

3.2

4.1

6.8

7.7

112.50

140.63

5.3

13.9

Total

57.8

61.9

58.6

56.1

1.44

-2.88

100.00

100.00

Source: Own illustration, based on BfE, 2011e, p. 61.

Table 5 breaks down the electricity consumption by end use. The high electricity prices due to the
implemented levy cause the total electricity demand in the scenario new energy policy to decrease.
Consumption related to housing will decline compared to the 2009 levels, except for the
entertainment media, information and communication. It should be noted that the latter are also
demanded by industry and by services sectors, e.g. office equipment. The demand for electricity
related to the economy’s sectors will shrink to almost 2009’s level, after a first increase up to 2020.
The high prices will encourage the use and development of more efficient technologies (BfE, 2011e, p
62).
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Table 5: Electricity demand by end use, scenario new energy policy, in TWh.
Electricity demand by end use

2009

2020

2035

2050

Space heating

5.8

6.1

4.7

3.9

Hot water

2.5

2.2

1.4

1.0

2035/2009

2050/2009

%

%

-18.97

-32.76

-44.00

-60.00

No exact data

Cooking

1.4

1.4

1.4

1.4

Process heat

6.1

6.9

6.2

6.1

1.64

-1.10

Illumination

5.5

5.4

4.2

3.6

-23.64

-34.55

5.8

6.4

6.1

3.7

5.17

-36.21

1.2

1.6

1.7

2.5

41.67

108.33

Automation, processes

24.7

26.4

25

25.8

1.21

4.45

Traffic

3.1

3.9

6.9

7.7

122.58

148.39

Miscellaneous

1.1

1.0

0.6

0.8

-45.45

-27.27

Total

57.8

61.9

58.6

56.1

1.44

-2.88

Ventilation, A/C, household
system
Entertainment media,
information and communication

available

-1.00

Source: Own illustration, based on BfE, 2011e, p. 62.

Holding today’s energy production portfolio put and only controlling for the phase-out of nuclear
power for electricity production, today’s electricity supply cannot cover the electricity demanded in
neither of the scenarios by 2018 (refer to chapter 3.1.4 The effect on energy supply). As the
electricity demand is higher during the winter months than in the summer, the first coverage
requirements will be needed in the winter 2017/2018. Figure 10 compares the coverage
requirements of both scenarios by 2050. With the reference policy continuing as before, the gap
opens to a yearly electricity deficit of 48.81 TWh annually with today’s existing power plant portfolio.
Implementing the measures for the target-oriented scenario new energy policy would cause the
coverage requirements to shrink to 24.37 TWh, which is 24.44 TWh less than in the reference
scenario. Again, the electricity demand by the planned pumped-storage power plants (2015) would
raise the total demand about 6 TWh and the coverage requirements correspondingly (BfE, 2011e, p.
119).
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Figure 10: Coverage requirements under scenario continuing as before and new energy policy per
hydrological year, in TWh.
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Source: Own illustration, based on Prognos, 2011, p. 73.

3.2.2 Possible supply side solutions
The above section discussed two different scenarios, under which the future electricity demand is
likely to develop. As they both evolve in very different ways, depending on the implemented
measures, one could think of them as boundary conditions set by the Federal Council, although the
Council can reset their political framework to again influence the demand side. Nonetheless, it is
important to have a model which shows the probable future developments. Given these margins,
this section is dedicated to show possible supply side solutions to bridge the growing gap between
electricity demand and supply, arising not least because of the decision to quit nuclear power for
electricity production.
By selecting supply scenario two (stepwise phasing-out nuclear power), three alternatives to cover
the supply requirements are reconsidered for either demand scenario. First, the alternative
centralized fossil fuels and renewable energies combines an expansion of the electricity supply by
gas-fired combined cycle gas turbines (CCGT) and renewable energy sources. The second alternative
decentralized fossil fuels and renewable energies is similar to the first one a combination of fossilfueled power plants and renewable energies. But instead of the centralized CCGTs, decentralized
cogeneration plants (combined heat and power plants CHP) are promoted. Third, the alternative
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renewable energies comprises a massive development in the expansion of renewable energy sources,
supplemented with electricity imports if necessary. 27

3.2.2.1 Scenario continuing as before
a) Centralized fossil fuels and renewable energies
To generate as much electricity as possible with renewable energies, the alternative centralized fossil
fuels and renewable energies promotes the expansion in production of these energy sources. Despite
this increase, the first gas-fired combined cycle power plant will be put into operation by 2018
(estimated capacities of around 550 MW each), with three more plants to be built up to 2025 (refer
to figure 11). The total capacity of these four plants will be capable to compensate for the loss due to
the lowered production by renewable energies during the winter months. Between 2029 and 2034,
five more gas-fired combined cycle power plants have to be constructed, resulting in totally nine
centralized power plants with capacities of around 550 MW each. As of 2048 and 2049, the two
oldest plants would have to be replaced by two new ones. Besides this, for covering the electricity
demand, CHPs with a total production capacity of 3.8 TWh and renewable energies with 22.6 TWh
production capacity will be installed. 28 Due to the stochastic manner in the renewable sources’
electricity production, an expansion of balancing energy is inevitable (e.g. pumped-storage
hydropower or gas-fired power plants, either centralized or decentralized). Table 7 and table 8 in the
appendix give a detailed overview on the electricity supply under this alternative. In 2050, around 45
percent of the total 108.64 TWh produced will stem from hydrological energy and over 35 percent
from fossil-fueled thermal power plants. The renewable energies’ share will amount to 21 percent
(BfE, 2011e, pp. 32 - 35).
The lowered production capacities of the hydrological power plants during the winter months are
compensated by fossil-fueled production. In the same manner, the capacity loss of the renewable
energies from photovoltaic or wind will also be covered with fossil-fueled production, thus again
rising the demand for gas and oil especially during the winter half year (BfE, 2011e, p 35).

27

Every alternative assumes the use of geothermal energy for electricity production by 2020, which implies the

availability of the technology. Otherwise imports or fossil-fueled thermal production will rise accordingly (BfE,
2011e, 32 ff.).
28

With a compensatory feed-in of maximum of 0.9 Rp./kWh, only a moderate increase in the share of

electricity production by renewable energies is achieved, thus two more CCGTs will be necessary. Today’s
maximum feed-in is 0.6 Rp./kWh and is lifted to 0.9 Rp./kWh in 2013 (BfE, 2010).
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Figure 11: Electricity supply under the alternative centralized fossil fuels and renewable energies, per
hydrological year, in TWh.
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Source: Prognos, 2011, p. 26.

b) Decentralized fossil fuels and renewable energies
The alternative decentralized fossil fuels and renewable energies bases on a prolonged expansion of
CHP installations, totaling in some 11.5 TWh of electricity produced per hydrological in 2050. Again, a
higher capacity increase in renewable energies will be needed (22.6 TWh) than would be possible
with today’s compensatory feed-in of 0.6 Rp./kWh (BfE, 2010). Despite these expansions of the
power plant portfolio, imports will be crucial to cover the electricity shortages. The imports will reach
a maximum of 25.8 TWh in 2035 and will decrease to 17.2 TWh per hydrological year in 2050 (refer
to figure 12). A detailed summary of the electricity production under this alternative can be found in
table 9 and table 10 in the appendix. In contrast to the alternative centralized fossil fuels and
renewable energies, hydrological electricity production covers 58 percent of the average gross
production until 2050. With 14 percent, the fossil-fueled production’s share is less than half of the
above alternative, while the renewable energies’ fraction is slightly rising to 27 percent. As the gasfired production’s share of the total gross electricity production is much smaller than in the
centralized alternative, the stochastic nature of the renewable energies electricity production has an
even higher impact on imports during the winter. Therefore, already 11.44 TWh of the 17.2 TWh are
drawn during these months in 2050 (BfE, 2011e, pp. 37 - 39).
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Figure 12: Electricity supply under the alternative decentralized fossil fuels and renewable energies, per
hydrological year, in TWh.
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Source: Prognos, 2011, p. 29.

c) Renewable energies
The renewable energies alternative sets its main focus on renewable energies. Thus, an advanced
expansion of renewable energy power plants for electricity production will be promoted (22.6 TWh
per hydrological year in 2050) than possible with today’s compensatory feed-in of a maximum of 0.6
Rp./kWh (BfE, 2010). Starting in 2018, new imports will be necessary to cover the upcoming
electricity gap. The maximum of 27.4 TWh will be imported in 2037, which declines to 25.9 TWh
yearly in 2050. Table 11 and table 12 in the appendix provide an overview over several electricity
production segments. Besides the expansion of the renewable energies for electricity production, an
increased development of hydropower production is aspired. The production by CHP’s will be only
moderate, which leads to a noticeably lower average gross production of 73.99 TWh compared to
the other alternatives in 2050. This in turn results in a higher import ratio. Whereas the hydrological
power’s share and the renewable energies’ share of the average gross production will rise to 64
percent and 30.5 percent respectively, the fraction of fossil-fueled thermal production shrinks to
around 5.1 percent (BfE, 2011e, pp. 41 - 43).
As this alternative heavily bases on renewable energies, which sometimes follow a stochastic manner
in production, it is reliant on imports the most of all these three. Thus, 17.23 TWh of electricity have
to be imported during the winter months, which is a substantial dependence on the foreign
electricity production in periods when electric power consumption is increasing across Europe
anyway (BfE, 2011e, p. 43).
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Figure 13: Electricity supply under the alternative renewable energies, per hydrological year, in TWh.
TWh
110

100

90

80

70

60

50

40

30

20

10

Wasserkraf t

neue Wasserkraf t

Kernenergie

Fossil-therm. KW + WKK

Bezugsrechte 1)

Erneuerbare 2)

neue f ossile WKK

neue Erneuerbare 2)

neue Importe

Landesverbrauch inkl. Speicherpumpen
0
2000

2005

2010

2015

2020

1) Saldiert mit Lieferverpflichtungen. Bei Lieferverpflichtungen > Angebot ist der Wert 0

2025

2030

2) gekoppelt und ungekoppelt

2035

2040

2045

2050

Hydrologisches Jahr

Source: Prognos, 2011, p. 31.

3.2.2.2 Scenario new energy policy
As in the reference demand scenario continuing as before, the electricity consumption will further
rise up to 2017. But in contrast to the other scenario, the implemented and decided measures,
instruments and technological developments impact the demand side in such a way that by 2017 the
total electricity consumption will start to decline and will continue to do so till 2050. Due to this
different development, also different supply strategies are needed, which will be discussed in the
following section.
a) Centralized fossil fuels and renewable energies
To overcome the coverage requirements arising by 2018, a first gas-fired combined cycle gas turbine
plant with a capacity of around 550 MW will be installed. To further cover the emerging gap, three
more plants will need to be constructed until 2031. The last gas-fired power plant necessary will have
to be built in 2034 (refer to figure 14). Furthermore, CHPs with a total capacity of 3.8 TWh and
renewable energies with 22.6 TWh of electricity production per hydrological year will be added to
the electricity production portfolio up to 2050. In the case the installed renewable energies
electricity production is rather stochastic, an additional gas-fired combined cycle power plant would
have to be constructed in 2049, to provide the necessary balancing energy. Table 13 and table 14 in
the appendix show the electricity production by the different energy sources up to 2050. The sum of
the constructed CCGTs and CHPs, as well as of the renewable energies, will cover the electricity gap
arising from the phase-out of nuclear power. The resulting electricity production of 89.39 TWh in
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2050 will be based on hydrological energy by more than 50 percent. The fossil-fueled thermal
production will cover more than 20 percent, while the renewable energies’ share will equal around
25 percent. If the technology for geothermal electricity production will not be available by 2020,
further gas-fired combined cycle power plants will compensate for this shortage. Also, the lowered
production possibilities of the renewable energies during the winter months will be covered with
fossil-fueled production (BfE, 2011e, p. 63 - 65).
Figure 14: Electricity supply under the alternative centralized fossil fuels and renewable energies, per
hydrological year, in TWh.
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Source: Prognos, 2011, p. 46.

b) Decentralized fossil fuels and renewable energies
A high expansion of CHPs and renewable energies is the core of this alternative to overcome the
electricity supply gap. The construction of centralized gas-fired combined cycle power plants is
avoided. Due to the fact that the remaining sources will not be sufficient cover the gap, imports
become a central part of this alternative, necessary after the shutdown of the first nuclear power
plant (Beznau I). Because the expansion of the decentralized small-scale fossil-fueled thermal
production plants cannot be arbitrarily accelerated to accommodate the stepwise shutdown of the
NPPs, the dependence on imports becomes clear. CHP installations are subject to renovation cycles
of the heating systems as well as of the district heating systems. Especially in the beginning,
problems might arise regarding renewable energies. These will be mostly of non-monetary manner
like acreage competition or the shift in social thinking regarding the allocation of priorities. These
have to be solved first to guarantee a reliable planning- and investment certainty. Additionally,
questions regarding the availability of investment capital arise. The electricity imports will thus be a
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central element and reach their maximum of 11.6 TWh per hydrological year in 2034, whilst no
imports will be needed anymore by 2050. In table 15 and table 16 in the appendix, the reader finds a
detailed summary of the estimated future development of the electricity production sources. Even
though the expansions of CHPs and renewable energies help to cover the upcoming electricity gap
due to the phase-out of nuclear power, imports will be needed to bridge the still sizeable gap in
certain years. By 2050, around 58 percent of the average gross production will stem from
hydrological energy. The fossil-fueled production’s share will amount to 14 percent and the
renewable energies will produce almost 28 percent of Switzerland’s total gross production. Despite
the lowered production of electricity by renewable energies during the winter months, the installed
CHPs will be able to cover the shortage. While this holds for 2050, there would be periods between
2009 and 2050 that will have to rely on imports (BfE, 2011e, pp. 66 - 68).
Figure 15: Electricity supply under the alternative decentralized fossil fuels and renewable energies, per
hydrological year, in TWh.
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Source: Prognos, 2011, p. 49.

c) Renewable energies
In the third alternative of the demand scenario new energy policy, a high expansion of the renewable
energies is aspired, while the expansion of CHPs will be only moderate (3.8 TWh per hydrological
year in 2050). Therefore, electricity imports will cover the remaining part to bridge the gap between
electricity demand and supply. Even though needed only temporarily between 2018 and 2050, the
imports will reach a maximum of 15.3 TWh per hydrological year in 2035 and will decrease to 5.6
TWh in 2050. A detailed overview on the several electricity production sources is given in table 17
and table 18 in the appendix. The central element of this alternative is the hydrological energy, which
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will be expanded massively. With only a moderate production by CHPs, the average gross production
per hydrological year (73.99 TWh in 2050) is lower than in the two other alternatives, resulting in a
considerable amount of electricity imports required. The hydrological energy’s share of the gross
production will be around 64 percent, with a small fraction of some 6 percent from fossil-fueled
thermal energies. The renewable energies’ portion will amount to 30 percent. Due to the fully
exploited potential of CHPs in the Swiss market and the stochastic manner of the renewable
energies, a lot of imports will be needed during the winter half year (3.7 TWh) in 2050 (BfE, 2011e,
pp. 70 - 72).
Figure 16: Electricity supply under the alternative renewable energies, per hydrological year, in TWh.
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Source: Prognos, 2011, p. 51.

3.2.3 Economic effects
As has been illustrated in the above discussion, the overall production costs for electricity supply will
rise within all scenarios up to 2050. This is mainly due to two reasons. On the one hand, the higher
prices are a direct result of the increasing demand. More power plants are necessary to provide
enough electricity by domestic production for the increasing future consumption. On the other hand,
these new as well as replacement power plants are more expensive in construction today due to
higher security standards, higher construction costs, more sophisticated and complex technologies
etc. which therefore raise the average electricity production costs. So, in order to evaluate the
probable effects of quitting nuclear energy for electricity production, a reference scenario is
necessary. Thereby, the supply scenario one of the Federal Council is used, which assumes a
continuation of today’s electricity production portfolio mix (refer to chapter 3.1.3 The decision to
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phase-out nuclear power in Switzerland). Therefore, the extra costs for stepwise phasing-out nuclear
energy (scenario two) are calculated in comparison to this reference scenario. The generation costs
in this reference scenario one are estimated to increase about 40 percent until 2050, compared to
the level of 2009, while the total costs would even increase by around 90 percent (BfE, 2011k, p. 2).

3.2.3.1 Extra costs compared to the reference scenario, both with demand scenario
continuing as before 29
Due to the higher electricity production costs of the alternative technologies, e.g. new renewable
energies or fossil-fueled thermal power plants, compared to the production costs of replacement
nuclear power plants, extra expenditures would arise for the decision to phase-out nuclear power.
The average total costs of the two scenarios, depending on the supply alternative, thereby vary
between 6 billion CHF per year (reference scenario) and 8 billion CHF per year (supply scenario two,
decentralized fossil fuels and renewable energies), which result in increases in retail electricity prices
of around 3.0 - 3.5 Rp/kWh or plus 17.0 - 20.0 percent until 2050. 30 Especially low-income
households and retirees are affected by this development, rising their share for expenses with regard
to electricity by about 0.35 - 0.5 percent of the total disposable income (BfE, 2011k, p. 3).

3.2.3.2 Extra costs of supply scenario two with demand scenario new energy policy
compared to the reference scenario with continuing as before 31
As the assumed demand development is different from the one in the above section, also the costs
for measures to reduce the electricity demand have to be taken into account. The electricity prices in
this scenario would thereby rise about 2.8 Rp./kWh until 2050, resulting in an increase of around
16.0 per cent (compared to prices of 2009). 32 Again, lower-income households and retirees are
concerned the most, with an increase of their disposable income’s share for electricity of 0.2 - 0.3
percent per year. Additional costs resulting from the implemented measures for electricity demand
reductions (refer to footnote 32) would presumably raise the increase mentioned beforehand by
another 0.2 - 0.4 percent, thus totaling in extra costs of 0.4 - 0.7 percent of the total disposable
income (BfE, 2011k, p. 4).
To sum up, phasing-out nuclear power for electricity production would economically be acceptable.
On the one hand, the extra costs in the demand scenario continuing as before would amount to
around 1 billion CHF per year (in prices of 2009). These costs are mainly passed on to the households,
which would start to be effective by 2025, while reaching their maximum in 2050. The average
29

Evaluation in the sense of extra costs for renouncement of replacement NPPs.

30

On the basis of the average consumer price for electricity of 17.8 Rp./kWh in 2009.

31

Evaluation in the sense of extra costs for renouncement of replacement NPPs complemented with additional

measures to reduce electricity demand.
32

Note: Due to the availability of data, price increases as a result of the implemented measures for electricity

demand reductions are not incorporated in this figure.
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household would have to cope with increased costs for electricity of 0.15 percent. On the other
hand, totaling the extra costs of a reduced electricity demand scenario (scenario new energy policy)
compared to the reference scenario, the economy and households would be faced with extra
expenses of about 0.4 - 0.7 percent of the gross domestic product (BfE, 2011k, pp. 4-5). 33

3.2.4 The effect of a fundamental shift in the electricity production portfolio
Due to the technological and economical characteristics of nuclear power plants, they are operated
to provide base load electricity. This means working hours of around 7’600 or more per year with
constant load. In Switzerland, 84 percent of the total base load production stem from nuclear power
plants. By phasing-out this energy source, alternative sources have to cover the loss of production.
But these sources might differ in their production characteristics, which lead to fundamental
problems in electricity supply.
In all of the alternatives discussed in the above section, renewable energies play an important role.
Though one has to distinguish between base load energy sources with balancing characteristics like
biomass or geothermal sources and stochastically producing energy sources, such as photovoltaic or
wind. The major problem thereby lies in the latter one. On the one hand, the produced energy has to
be stored for a temporal shift (hourly, daily and seasonal). On the other hand, the fluctuating
production has to be balanced positively or negatively. This calls for a substantial amount of
balancing energy and backup energy. The BfE roughly estimates a backup capacity of around 90
percent for the installed wind energy and around 99 percent of the installed photovoltaic peak load
capacity, besides the 0.2 units of balancing energy necessary per one unit of stochastic energy. First,
problems arise for pumped-storage hydropower management, as it is set up for medium pumping
capacities during off-peak periods (e.g. during the night). It has been designed for comparatively
short temporary storages with limiting factors like pumping capacities and lower lake capacities.
Second, storage plants are designed to be filled by melting water and rainfalls. For the filling up by
solar or wind energy, higher capacities of the lower lakes to pump from as well as higher capacities of
the upper lakes are needed. To overcome these problems, the storage as well as the balancing
energy management have to be adapted. Additionally, it is important to use balancing capable
renewable energy sources for negative balancing energy (BfE, 2011e, pp. 114 - 115).

3.2.5 Short summary on what is to do
By choosing scenario two (to stepwise phase-out of nuclear power), enough time is available for
implementing the new energy policy and the conversion of the existing energy system. The actual
Energy Perspectives 2050 show that a gradual phase-out is technically possible and economically
acceptable. As electricity prices will rise throughout Europe due to the immense replacement
demand of the aging power plants in the production portfolio, the effects of a phase-out on the
international competitiveness of the Swiss economy would be alleviated. As shown above, the
33

Note: These figures are a first, rough estimation of the BfE. More precise data was not available during the

writing of this thesis.
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economic extra costs for modernization and conversion of the Swiss power plant portfolio as well as
for new measures for reducing electricity demand, compared to a scenario with continuation of
Switzerland’s power plant portfolio mix, would aggregate to some 0.4 - 0.7 percent of Switzerland’s
GDP (UVEK, 2011a).
To overcome the upcoming electricity coverage requirements due to the shutdown of the nuclear
power plants, Switzerland’s energy strategy has to be reoriented. For this purpose, the Federal
Council follows these thematic priorities (UVEK, 2011a):
1. Reducing electricity consumption:
Without the implementation new measures, the electricity demand will rise from 64.29 TWh
today to 86.30 TWh per hydrological year in 2050. Principle reasons for this are population
growth, the increasing demand for electronic devices, progressively increasing housing
demand per capita and the electrification of transportation. Thus, the Federal Council will
promote the rational use of energies, e.g. minimum requirements for appliances, efficiency
bonuses and measures for sensitizing and informing the population.
2. Extending the electricity supply portfolio:
Today’s electricity mix has to be extended, especially the hydroelectricity and the production
by new renewable energies. The fraction of the latter shall be increased substantially, where
the compensatory feed-in serves as a main instrument to reach the objective. Furthermore,
also fossil-fuel-based production of electricity will have to be expanded, with primary focus
on combined heat and power installations (CHP) and secondary focus on combined cycle gas
turbines (CCGT). Despite the increasing demand for fossil fuels, the Swiss government holds
on to its climate change-related targets. The growing portion of irregular electricity
production sources (e.g. by wind or by sun) requires a conversion of the existing electricity
generation system with appropriate storage and balancing capacities.
3. Holding on to electricity imports:
Despite the Federal Council’s aim for independence from foreign electricity production,
imports are necessary for a reliable supply and for temporary fluctuation compensations.
4. Grid development:
To accommodate the future national production infrastructure and electricity imports, a
rapid development of the transmission grid and conversion of the distribution grid towards
Smart Grids is inevitable. 34 The Swiss grid shall be optimally linked to the European grid and
the probable future Supergrid.
5. Encouraging international cooperation:
Electricity negotiations with the European Union are of main focus, while contacts with
Switzerland’s neighboring countries shall be fostered. Moreover, Switzerland shall take an
active role in the international debate on the future purpose and orientation of the

34

Smart Grids allow for a direct interaction of the consumers, the grid itself and the electricity producers.

These grids have a huge optimizing potential for the electricity system and the consumption and thus for cost
reductions (Smart Grids, 2011, p. 2).
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International Atomic Energy Agency (IAEA) and shall take part in the corresponding political
and technological conferences.
6. Strengthening energy research:
To support the conversion of the existing energy system, intensified energy research will be
necessary. Therefore, the energy research portfolio at Swiss universities has to be examined
and their cooperation with the economy and the technology competence centers fostered.
In coordination with the measures of the Masterplan Cleantech, an action program called
Koordinierte Energieforschung Schweiz (translated: coordinated energy research Switzerland)
shall be established along with the corresponding roadmaps for efficiency technologies,
grids, energy storage and electricity supply.
7. Flagship projects:
Pilot and demonstration projects shall give valuable insights for Switzerland’s energy future.
Key for the optimization of the energy system and thus for reducing energy consumption,
emissions and costs are Smart Buildings, Smart Cities, Smart Grids and joint heating network.
8. Public sector as role model:
The Federal government, the cantons, cities and municipalities shall act as role models and
thus cover their own energy needs with renewable energy sources to the greatest possible
extent. But also the economy will be asked to implement measures for energy consumption
reductions and focus on innovative, energy-efficient products that strengthen the business
location Switzerland.

3.2.6 The Energy Perspectives 2050 - a ready for use solution?
The Energy Perspectives 2050 were the main information source for the political discussions and the
renewal of the operating nuclear power plants for electricity production in Switzerland. Thereby, the
new updated energy perspectives base on a strategy document for Switzerland’s electricity strategy
up to 2035, elaborated in 2007. It thus seems obvious that different political and economical
interested parties fiercely criticize the decision mainly basing on this updated document. Major
criticism lies in the short time span between the accident at Fukushima Daiichi and the decision by
the Federal Council to quit nuclear power. The Energy Perspectives 2050 thereby relativize the
absolute correctness of their estimations and scenarios themselves (BfE, 2011e, p. 2): “Im Rahmen
der zur Verfügung stehenden Zeit können die energiewirtschaftlichen Modelle nicht vollständig an
die neusten Entwicklungen angepasst werden“ (translated: Due to the time available, the energy
related models could not be updated with the newest political and economic developments). The
Erdöl-Vereinigung (2011, p. 2) as well as Kurt Rohrbach (Ptext.ch, 2011), Head of the VSE and
president of the BKW, therefore criticize that the actual developments on the energy markets
strongly deviate from the targets of the BfE and the Federal Council. Neither a trend for lower energy
demand nor a decreasing dependency from fossil fuels can be observed. On the contrary,
Switzerland’s total final energy consumption even increased by 4.4 percent in 2010. Furthermore,
the abdication of nuclear power plants as the second biggest (almost) CO2-neutral electricity
production possibility is in conflict with the actual climate policy. Schweikardt (2012, p. 4) therefore
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fears massive governmental control and interference to actually reach the proclaimed energy and
climate targets “…und zwar konsequent und permanent…” (translated: consistently and constantly).
These interventions will lead to market distortions and to possible adverse consequences.
Up to now, the specific measures for implementing the new energy strategy remain unclear. Planning
certainty and the regulatory framework would thereby be of main focus for a national and especially
international competition in the energy sector. In addition, it is suggested to integrate the arguments
of interested parties for a successful implementation (Erdöl-Vereinigung, 2011, p. 3). Rohrbach
(Ptext.ch, 2011) thus warns that completely new framework conditions need to be set up, which
would not be accepted by the people without reproach. Schweikardt (2012, p. 13) therefore
mandates the BfE and the Federal Council, to transparently report aims, instruments, measures,
expected effects and costs in the consultation paper.
In contrast, the Energie-cluster (2011) welcomes the elaborated Energy Perspectives 2050, saying
that the Perspectives 2035 from 2007 build a valuable basis for discussion. “Die wichtigsten
Zusammenhänge und mögliche Wenn-Dann-Aussagen werden aufgenommen” (translated: the major
relationships and possible what-if-statements were elaborated) (p. 15). Especially the high
professionalism and competence as well as the many years of experience of the publisher led to the
quick elaboration of the revised perspectives (p. 6). But also the Energie-cluster criticizes the
framework conditions and requirements, e.g. the rather low energy prices or the conservative
estimations on future availability of technologies.
Whether or not the actual Energy Perspectives 2050 build the correct basis for Switzerland’s future
energy strategy is highly controversial. Mostly considered as a good basis for discussion, the
correctness of the assumptions is questioned as well as more transparency in information
demanded, e.g. on probable future instruments and measures.

3.3 Constraint: Kyoto and the CO2-law
By the ratification of the United Nations Framework Convention on Climate Change (UNFCCC) in
1993, Switzerland, along with 150 other countries, decided upon an internationally coordinated
climate policy against the impending climate change. This commitment was complemented by the
Kyoto Protocol in 1997, with which Switzerland committed itself to reduce climate-impacting
emissions by 8 percent compared to the level of 1990, measured between 2008 and 2012
(Confoederatio Helvetica, 1999). While the additional protocol of the UNFCCC has been the first
agreement to set binding targets for emission reductions under public international law, 35 the treaty
comprises a set of economically oriented flexible mechanisms to achieve the reduction goals, such as
the emission trading, the Joint Implementation (JI), the Clean Development Mechanism (CDM) and
the Burden Sharing (BMU, 2010). These mechanisms are allowed to be used to complement the
national efforts for emission reductions as long as the domestic efforts account for 50 percent of the
35

The Kyoto Protocol focuses on six greenhouse gases, namely CO2, CH4, HFCs, PFCs, N2O and SF6 (Vimentis,

2011).
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total reductions (Greenpeace, 2006). The Protocol immediately earned critiques of being a too big
burden for the economy, thus disadvantage the member countries (Rosenkranz, 2005). On the other
hand, environmental associations even demanded higher reduction targets (Greenpeace, 2006). Even
today, for example at the Climate Convention in Durban, critiques arise regarding the coverage of the
protocol. More than ten years ago, the industrialized countries of the Kyoto member countries
accounted for the major part of the emissions of climate-impacting gases, while today these member
countries account for only one fourth. Therefore, rather unilateral declarations between all the
member countries are mandated to oblige for emission reductions, instead of the industrialized ones
only (Tages Anzeiger, 2011b).
As CO2 accounts for more than 80 percent of Switzerland’s total greenhouse gas emissions (refer to
figure 17), the government decided to base its legal framework to fulfill the Kyoto obligation on the
so called CO2-law 641.71. The law targets a reduction of CO2 emissions arising from the combustion
of fossil fuels of minus 10 percent compared to the level of 1990.36 In addition, sub-objectives for
combustibles and fuel are set, with reduction targets of minus 15 and minus 8 percent respectively.
The law thereby prioritizes voluntary measures to fulfill regulatory requirements. In the case of
missing the objective, a CO2-steering tax is used subsidiary (BafU, 2010a). In accordance with the
international mechanisms of the Kyoto Protocol, the CO2-law accredits emission reductions abroad
like emission trading or CDM (BafU, 2010b).
Figure 17: Relevant climate-impacting gases and polluter categories, in percent, as per 2008.

Source: Own illustration, based on BafU, 2010b.

The actual law comprises regulatory requirements for fossil-fueled thermal power plants for
electricity production, e.g. combined cycle gas turbine plants. 37 Even though Switzerland has not
used this technology up to now, projects are in planning with respect to the upcoming electricity
36

The relevant measuring period for the effectiveness of reductions is set between 2008 and 2012, as

mandated by the Kyoto Protocol.
37

The regulations regarding fossil-fueled thermal power plants were added to the law in June 2010 and

became binding as of January 1, 2011.
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coverage requirements. Article 11a of the CO2-law states that these plants are thus excluded from
the CO2 taxation. 38 Nevertheless, they have to fully compensate for their CO2 emissions, whereby at
least 70 percent by domestic projects, e.g. in renewable energies or heat pumps. A maximum of 30
percent is allowed to be compensated with foreign emission reduction projects (BafU, 2010c).
The regulatory requirements are concretized by the ordinance on the compensation of CO2 emission
641.712 for fossil-fueled thermal power plants and also became binding on January 1, 2011. It
regulates the mandatory overall efficiency of these power plants, stating that new ones shall reach a
level of at least 62.0 percent, while on locations where such power plants already existed before the
entry into force of the ordinance, a minimum level of 58.5 percent is required (Art. 2 of the
ordinance). As of the will of the Swiss Parliament, the level for new plants is set in such a way that
electricity producers using this technology are forced to simultaneously produce and sell electricity
and heat (as a by-product) (BafU, 2010c).
The CO2-law expires by the end of the Kyoto commitments in 2012. The Federal Council thus
commissioned the National Parliament to develop a new climate law for the period 2013 until 2020,
considered as a revision of the existing law to ensure continuity of the existing measures. As there
has not been an international agreement on climate-impacting emissions, the Swiss government
developed the law in accordance with the European Union, leaving room for tougher measures. The
new legislation will thereby oblige the nation to reduce its CO2 emissions by 20 percent until 2020,
compared to the level of 1990. 39 The ordinance will enclose an option to raise the target to minus 40
percent, if international agreements mandate to (article 3 of the revised law). As comprised in the
existing law, the revised version will also contain requirements for fossil-fueled thermal power plants
(article 22 - 25). These power plants will still be obliged to fully compensate their CO2 emissions. In
contrast to the actual CO2-law, fossil-fueled thermal power plants would be allowed to compensate
their emission by 50 percent with foreign CO2 emission allowances. As these electricity production
plants are not embedded in the EU-ETS, no ETS certificates will be allowed to fulfill the obligation.
The compensation ordinance is meant to be as a stabilizing measure, focusing on avoiding increases
of emissions rather than on the adherence to reduction targets according to the article 3 of the
revised law (BafU 2012).
Critics claim reduction targets on a national level were the wrong path, which is most obvious in the
discussion on fossil-fueled thermal power plants for electricity production. To operate this kind of
power plants economically efficient, the politics makes exceptions from a complete domestic
compensation and allows accrediting with foreign CO2 emission allowances, as well as excluding
them from the CO2 levy. But in the sense of the law, the part of the allowed foreign emission
reductions would have to be compensated domestically by a different issuer to correct Switzerland’s
CO2 balance. Moreover, the efficient CHPs are not included in these exemptions and are therefore
not allowed to use foreign certificates. What is more, they are even subject to the CO2 levy. 40 In
38

A total capacity of 100 MW is thereby set as minimum requirement.

39

This reduction equals a minus of 10.5 million tons of CO2 produced.

40

The rate of the levy today is set to 36.00 CHF per ton CO2 and can be increased up to 120.00 CHF by the

existing law.
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comparison to the electricity imported from foreign competitors, CHPs are not competitive as the
foreign produced electricity is not subject to the levy. Due to the high share of coal and gas in the
foreign electricity production, the law, as an instrument for climate protection, is thus missing its
objective, so the critics (VSG, 2011f).
Figure 18: Bandwidth of the financial burden in accordance with the implemented decisions of the Swiss
government, in CHF per ton CO2.

Source: VSG, 2011f, p. 1.
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4 Critical review of the options
The previous chapter was dedicated to the nuclear power phase-out, the effect on electricity supply
and investigations of possible solutions to overcome the electricity gap, either from the demand side
by the two scenarios or from the supply side by introducing the politically motivated alternatives,
based on those scenarios. The discussion revealed that actions must be taken to guarantee security
of supply while maintaining independence in production. These alternatives shall not be considered
as fixed solutions though, but rather the build the basis for what-if decision analyses. A decision to
prioritize new CHPs would thus not necessarily exclude additional large-scale CCGT plants for
electricity production. Over all the discussed alternatives, basically five different approaches can be
distinguished, namely to increase supply with hydropower, new renewable energies, electricity
imports and with gas-fired production along with reductions in the overall consumption. This chapter
thus deals with the critical review of these approaches and outlines their potential which might
deviate from the BfE’s estimations. The aim is to give the reader an overview on what is realistic in
each approach and to then summarize these findings to illustrate a bandwidth for the supply gap,
where no solutions exist for yet.

4.1 Hydropower
Thanks to its topographical particularities, Switzerland is able to use water for electricity production
in various forms, e.g. run-of-river, storage plants or pumped-storage plants. With a total capacity of
38.19 TWh of production per hydrological year (hereafter referred to as year, unless otherwise
specified), water covers around 55 percent of Switzerland’s electricity production mix and thus plays
a major role for the country’s supply. As the demand for electricity will continue to rise, hydropower
production shall also further be expanded. While the Energy Perspectives 2050 estimate a total
increase of 9.38 TWh per year up to 2050, criticism arise on the validity of this figure. Robert Boes,
professor for hydraulic engineering at the ETH in Zurich, states that 90 - 95 percent of the economic
potential has already been exploited. He assumes a maximum possible increase of 6 TWh in
production with hydropower plants, which equals around one fourth of the capacity loss due to the
cutback of nuclear capacities (NZZ, 2011b). When leaving out pumped-storage potential, the BfE
(2011b, p. 2) forecasts a net increase in hydropower electricity production of 4 TWh per year. It
assumes efficiency gains in the existing plants of 2.4 TWh and increases in production of 2.4 TWh by
new large-scale and 1.9 TWh by small-scale hydropower plants per year. Losses in production of 2
TWh due to climate changes and further losses of 0.7 TWh due to strengthened residual flow
regulations have to be deducted, totaling in 4 TWh increase per year up to 2050. The Swiss
Association for Water Management (SWV) claims that this figure is entirely unrealistic under today’s
political framework. On the contrary, without any legislative alignment, hydropower production
would even shrink due to climate changes. The SWV postulates immediate political modifications,
enormous efforts and compromises of the involved parties to at least come close to the 4 TWh per
year predicted by the BfE (SWV, 2011). Whereas Axpo (2009b) even assumes a minus of 10 percent
in hydropower electricity production, mainly caused by the changed climate (less rainfall) and
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strengthened regulations, the Association of Swiss Electricity Enterprises (VSE) is more optimistic,
stating that with today’s political and regulatory framework, a realistic hydropower potential could
be assumed at around 5 percent of the future total electricity production or at around 2 TWh per
year up to 2050 respectively (Immergenugstrom, 2012). 41
Summing up, even if the predicted increase in electricity production of 4 TWh per year could be
realized, it appears obvious that the absolute potential of hydropower is limited. One further has to
take into account that some potential lies in pumped-storage hydropower. But as these plants
consume more electricity to pump water into the reservoirs they produce again, one should rather
think of them as “batteries” to store and reuse energy, as they temporarily shift electricity
(Immergenugstrom, 2012). Their production potential should therefore not be incorporated on the
overall hydropower supply potential. 42

4.2 Electricity imports
At least two of the alternatives investigated by the BfE (2011e) will heavily rely on electricity imports
to cover the arising gap between electricity demand and supply in Switzerland. But the BfE does not
provide any information on the feasibility nor on the reliability of these imports. While today,
electricity is imported especially during the winter months and exported during the summer half
year, Switzerland will be dependent on electricity imports throughout the year in the future.
Depending on the demand scenario, the imports required range from 3.7 TWh to 26.99 TWh per year
(scenario continuing as before) or 1.41 TWh to 15.26 TWh per year (scenario new energy policy)
respectively. Critics claim that covering the supply losses at least partly with imports would not only
raise Switzerland’s dependence on the foreign production but would also raise electricity prices
(BKW, 2010). Not only Switzerland but also other European countries are faced with necessary
coverage requirements due to the lack of power plants as well as due to renewal requirements of the
existing ones, which will lead to shortages in supply throughout Europe. What is more, Germany will
become a major electricity importer after its decision to the phase-out nuclear power technology. In
the case of electricity shortages, the Lisbon Treaty would oblige the European member countries to
supply each other with electricity preferably, hence further threaten Switzerland’s security of supply
(Energiedebatte, 2011c). This dependence is therefore not only risky by political means but also by
economical.
In addition, it is criticized that the long transportation distances result in electricity losses and also
threaten the stability of the grid (Kernenergie, 2011a). The trans-European grid has not been
designed for large electricity transports over long distances, but rather to exchange electricity locally
during times of shortages and partly for the stochastic production of renewable energies. Besides,
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Depending on the scenario, the VSE’s values range from minus 3 to plus 16 percent.

42

On an hourly basis, the pumped-storage production potential can be included, as they cover peak loads. This

does not hold on a yearly basis, because base, middle and peak load are summed up and as the plants are
consumers of base load to pump water up but producers of peak load, it is just a temporary shift and thus not
affecting the total electricity production potential.
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bottle necks arise in the cross-border high voltage transmission lines already today, which drive up
prices for imports as grid resources and time slots are auctioned (Energiedebatte, 2011c). 43
Summing up, to rely on imports on a large scale contradicts with Switzerland’s proclaimed
independence and security of supply, as the high voltage grid’s cross-border transportation lines are
increasingly overloaded. The higher prices abroad for electricity, which Switzerland would have to
buy spot, increase the average national price level for electricity. Additionally, the imported
electricity from the neighboring countries is mainly produced by nuclear power, coal or gas-fired
power plants, which again contradicts with the decision to phase-out as well as with the climate
targets. Electricity imports shall therefore be treated as a residual electricity source and not as a
main capacity provider.

4.3 Renewable energies
The decision to phase-out nuclear power for electricity production is considered as a fundamental
change in the energy policy. Several parties therefore postulate a substantial expansion of renewable
energies, as does the BfE (2011e), when calculating the alternatives to overcome the arising
electricity supply gap. While in a first period up to 2020 the new renewable energies (all but
hydropower) will only play a minor role, their share in total electricity production will rise
significantly to about one seventh to one eighth till 2035 (around 10 TWh per year) and even to one
fourth with today’s increase in electricity demand up to 2050, equaling 22.61 TWh per year. But as
market will be confronted with an opening supply gap beginning 2018 and the first nuclear power
plant will go off-line the following year, the new renewable energies cannot cover this gap, even
though they hold some considerable potential.
Axpo (2010) even perceives some public opposition in the expansion of renewable energies. The local
population and environmental organizations fear noise, odor and air polluting emissions or concern
about competition for land, which slow down the expansion of new renewable energies more than
expected. Contrariwise, Isabelle Chevalley (Jorio, 2012) member of the GLP states: "Wir haben den
politischen Mut zum Ausstieg aus der Atomenergie bewiesen. Jetzt braucht es den Mut zu
erneuerbaren Energien" (translated: We proved political courage to phase-out nuclear power. We
now need courage for renewable energies). Along with the BfE, she estimates an increase in
electricity production by renewable energies of 13 TWh per year by 2035, which could be achieved
by hydropower and a broader diversified electricity production mix. But as discussed above, already
the contribution of hydropower is questionable. Nevertheless, the BfE assumes a potential of
photovoltaic of 2.9 TWh per year by 2035. Roger Nordmann (Jorio, 2012), member of the National
Council for the SP and president of the Swiss Trade Association for Solar Energy Swissolar, even
postulates an increase of up to 20 percent of the total electricity production as possible if the Swiss
government abolishes the approval procedure for installing solar collectors. The VSE (2011c, p. 2)
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Note: The expansion of the grid asks for high investments, as not only capacities need to be built up but also

technologies be implemented to integrate the stochastic production of renewable energy sources. Along with
the lack of public acceptance, the licensing procedure for high-voltage lines takes 10 to 20 years (TGZ, 2011).
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also sees potential in photovoltaic without going into specific numbers. In combination with pumpedstorage power plants, this technology could be used to provide energy for electricity production
during the night to achieve a base load-like supply behavior. But concerns arise regarding the
production during the critical winter months. Nevertheless, the future potential of photovoltaic is
rather uncertain. Even though all sources see potential for solar energy, the contribution is mostly
estimated to be limited. Almut Kirchner (SF VideoPortal, 2011a), energy expert for the Swiss
government, forecasts long-term potential but relativizes that there are two basic energy-economic
problems. On the one hand are the costs, which are still too high compared to other sources and on
the other hand are storage possibilities, which would need to be expanded substantially. For these
reasons, she also assumes an overall plus of 2.9 TWh per year by 2035.
Other renewable sources like wind have a considerable potential in Europe. But due to the high
population density and the low number of possible production locations that would be attractive to
use the wind potential, this energy source’s overall potential is very limited in Switzerland. Kirchner
(SF VideoPortal, 2011a) as well as the BfE therefore assume an increase of 1.4 TWh per year by 2035.
Also the VSE (2011c, p. 2) assumes a limited potential due to public and economic restrictions.
In contrast, biomass still holds substantial unexploited potential. By using wood, organic waste and
liquid manure for electricity production, an increase of around 3 TWh per year by 2035 seems
realistic (SF VideoPortal, 2011a; BfE, 2011e and VSE, 2011c, p. 1). A study of the ETH Zurich (2011, p.
23) estimates the potential of biomass when used in combination for electricity and heat production
to be around 5 - 8 TWh. A major advantage of biomass is thereby the “zero-emission” characteristic.
Geothermal energy plays a minor role in Switzerland, mostly because the technology needed is not
yet available. Switzerland’s first geothermal experiment was quit after it caused an earthquake in
Basel. For this reason, public resistance against this technology could be an issue for the future, even
though this source could produce base load and hence be of great interest for Switzerland’s
electricity supply (ETH, 2011, p. 22). The cost intensity (mainly drilling costs) and the difficulty to find
appropriate spots ask for further technological improvements. Due to the uncertainty of this energy
source the BfE estimates its potential at around 1 TWh per year in 2035. If significant progress in this
technology will be done, the ETH Zurich (2011, p. 22) forecasts a potential of up to 8 TWh in 2050.
Nonetheless, the existing grid has been designed for centralized large-scale production plants. By
adding renewable energies feeding-in electricity to the network on a decentralized basis, which
underlie stochastic production behaviors, the grid would have to be expanded substantially. Without
this expansion (also necessary on a European level), the new renewable energies cannot be
incorporated into the grid by the full extent (VSE, 2011c, p. 5).
Over all, the new renewable energies do have great potential. Efficiency gains and scale effects still
realizable further add to the attractiveness for investments in these energy sources. But as stated in
the above chapter, the electricity shortfalls Switzerland is faced with requires first yearly coverage
necessities in 2018. At this time, the renewable energies’ share in the total electricity production will
still be modest, but will rise by a noticeable portion until 2035, namely to around 8 - 10 TWh per
year. Put differently, their share in production expansion will be around one fifth to one fourth of the
necessary coverage requirements of 40.3 TWh per year by 2035. The ETH Zurich (2011, p. 43) thus
demands an immense extension of the renewables’ share, claiming the highest priority for
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photovoltaic, followed by decentralized usage of biomass and geothermal production. Even though
these energies heavily depend on political decisions and strategies (e.g. compensatory feed-in), the
overall potential of new renewable energies to cover the electricity supply gap is rather limited for
the period till 2035. Different sources are therefore necessary, which also have the advantage of
diversification effects in Switzerland’s production portfolio.

4.4 Reducing electricity consumption
Another popular solution to overcome the arising electricity supply gap, especially by the Federal
Council, lies in reducing electricity consumption. While the BfE (2011e) still assumes an increase in
total electricity demand up to 2020 compared to the level of 2009, a reduction is targeted for the
period to come up to 2035, ending in total consumption of 70.18 TWh yearly (scenario new energy
policy). The demand will finally be stabilized at around 67.50 TWh per year in 2050, which equals
roughly the total electricity demanded in 2009. As described in chapter 3.2.1 The new energy policy,
this could be achieved with new measures defined by the Swiss government, e.g. minimum efficiency
standards for new appliances or levy taxes. Compared to the reference scenario continuing as before,
a minus of 14.26 TWh in demand per year is targeted till 2035 and a minus of even 24.44 TWh per
year by 2050.
Whether or not this goal seems realistic remains controversial. Also Kirchner (SF VideoPortal, 2011a)
assumes a potential reduction in demand of 14.3 TWh per year till 2035, but perceives this figure as
the maximum possible. 44 Despite this probable limitation, the potential of reducing electricity
consumption is huge. Kirchner thus states: “Wir fangen besser heute als morgen mit dem Energie
sparen an“ (translated: We better start saving energy today than tomorrow). This statement shows
the problem right away. If the reduction target proclaimed by the Swiss government shall be
achieved, the corresponding political measures and social rethinking need to be implemented in the
very near future. But in the framework of the struggling (global) economy, the point of time for the
development and the implementation of new political measures, which further burden households
and the economy, appears to be rather problematic. Besides this, the Federal Council will elaborate a
detailed strategy and necessary measures in 2012, which will then be handed over to the
Parliament’s Councils for discussion. A possible referendum could be called not before 2015
(Immergenugstrom, 2011b). What is more, to achieve this goal the electricity demand growth rates
need to be stabilized on a very low level or even become negative. But as the increase for the period
between 2007 and 2010 equaled around one per cent per year and even amounted to 3.83 percent
per year in 2010 (BfS, 2011c), this goal seems to be a long way off. With these rates, the scenario
continuing as before appears much more realistic. Therefore, if the targets shall be achieved within
the given time frame, the measures need to be binding soon, which is questionable with regard to
today’s information.
44

Note: The actual figure is hard to predict, as not only the effectiveness of political measures but also future

fuel prices, trends in climate changes and technological developments need to be incorporated (SF VideoPortal,
2011a).
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Moreover, implementing efficiency gains on a national level is a time consuming process. First, more
efficient appliances underlie a certain life cycle for replacement of the existing devices, e.g. a new
fridge is mostly not bought within five years (TGZ, 2011). Second, technological innovations
sometimes take years to reach marketability (Immergenugstrom, 2011a). Third, as Switzerland’s
population is still growing and will most likely continue to do so up to almost 9 billion people by 2055
(BfS, 2010, p. 21), also the overall demand for electricity will rise, as new houses have to be built and
new appliances will be bought. Finally, the proceeding energy efficiency increases might have an
adverse impact on electricity consumption, e.g. electrification of the transportation system.
Electricity thus plays a key role for the whole energy efficiency and its reduction potential therefore
is a variable, very hard to calculate and predict.
To sum up, in the reduction of the overall electricity consumption or put differently, in the increase in
electricity efficiency lies great potential. If the government will be successful in implementing the
new energy strategy and the accompanying measures and thus achieves its reduction target of 14.26
TWh per year by 2035, this would already account for more than one third of the coverage
requirements. But the fact that the Swiss population is still growing and therefore more appliances
will be used (especially information- and communication technologies and electrification of
transportation) relativize the reliability of the forecasted figure. It thus remains uncertain in which
bandwidth the future electricity demand is actually likely to happen.

4.5 Gas
In all of the alternatives examined by the BfE, at least a minor part of fossil fuels will be used for
electricity production. The bandwidth for electricity produced by fossil fuels will thereby be rather
large, meaning that it depends on the overall production strategy of the government and the actual
demand development. By this means, two sub-approaches can be differentiated which will be
analyzed in more detail in the next chapter. On the one hand, large-scale combined cycle gas turbine
plants (CCGT) could be installed for a centralized production. If this kind of plants is used to
overcome the supply gap, up to 19.25 TWh or 34.65 TWh of electricity will be produced per year by
2035, depending on the demand scenario (refer to the tables in the appendix C and D). On the other
hand, fossil-fueled combined heat and power plants (CHP) could be constructed for a decentralized
production strategy. The latter also use gas (which includes biogas or waste gas) as input or diesel
alternatively. Higher efficiency as well as lower CO2 emissions therefore clearly advantage gas over
diesel. The potential of the CHP technology estimated by the BfE will amount to 3.81 TWh to 7.24
TWh per year by 2035. To get more detailed insights for the discussion on gas, a brief overview on
these two approaches shall be given in the following.

4.5.1 Combined cycle gas turbine plants CCGT
Combined cycle gas turbines are large-scale power plants, which use gas for electricity production in
a primary sector. In a second step, the produced heat as a by-product is recycled to heat up water,
which is then used as steam to again produce electricity in a secondary sector. Highly efficient CCGTs
49

Nuclear Power Phase-Out

Critical review of the options

sell the residual heat for district heating. With efficiency rates of over 60 percent, they are amongst
the most efficient conventional-thermal power plants. Furthermore, modern gas-fired power plants
are flexible in production and comparatively cheap in construction and operation (VSE, 2011c, p. 3).
Typical electrical capacities range from 200 MWe to 1’000 MWe (Axpo, 2009c, p. 2). Even though
these plants could be used for base load production throughout the year, this is not common in
Europe due to the high combustibles costs. The plants are typically operated to produce electricity in
2’500 - 5’000 hours per year (WWF, 2007, p. 2), whereas the BfE (2011e, p. 114) stipulates a
minimum of 4’500 hours per year. Due to the technological and economical characteristics, these
plants are ideal for medium load electricity production. With the gas turbine as the primary sector
running only, the CCGT is very flexible in production and is able to react quickly to needed positive or
negative balancing energy. But to run economically efficient, these plants need to participate
especially in peak load and balancing load production.
Due to the above mentioned characteristics along with short planning and construction phases of
around 4 - 7 years in total (depending on the source: WWF, 2007, p. 3 and Axpo, 2009c, p. 2), this
kind of energy source for electricity production appears suitable to cover short-term supply gaps.
Necessary conditions are the proximity to the high-pressure gas pipeline network and to the high
voltage electricity grid. Today, a lifecycle of 30 years is assumed for CCGTs (WWF, 2007, p. 2). To sum
up, the flexibility in production determines them as suitable counterparts for the fluctuating new
renewable energies production (ETH, 2011, p. 24). The dependence on supply of foreign countries,
the volatile gas prices and the obligation to compensate for its high CO2 emissions are the major
downturns of this technology.

4.5.2 Combined heat and power plants CHP
Combined heat and power plants, so-called CHPs, are small-capacity plants which produce electricity
and heat. Fossil fuels are used as energy source, where natural gas or diesel take the major part.
Despite the smaller electricity efficiency of around 30 - 50 percent compared to large-scale CCGTs
(WWF, 2007, p. 2), the overall efficiency of around 85 - 95 percent is significantly higher, as also the
produced heat is used (WKK, 2011). On the one hand, larger CHPs (for industrial purposes) are used
as electricity and heat suppliers equally, while smaller CHPs are run heat driven. The larger ones may
be electricity driven to additionally provide peak load or to lower costs during peak demand, while
the latter is not designed to provide any balancing energy at all. But basically, smaller CHPs could be
run electricity driven, which would demand for more sophisticated grid management and larger heat
storages. Today, neither the electricity nor the heat market allow for economically efficient solutions
(BfE, 2011e, p. 114).
Although production costs almost reach marketability, the increasing efficiency of buildings, e.g.
Minergie-standard, lowers the potential of CHPs for a broad market penetration. The more efficient
buildings demand less heat, which is counteractive to the heat driven CHPs. The future potential for
smaller CHPs is thus questionable, as long as they are run heat driven (Axpo, 2009a). Nevertheless, if
further technological and economical hurdles are overcome and provisions regarding CHPs would be
loosened, this energy source provides some potential for its future usage (VSE, 2011c, p. 4). Due to
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the limited heat demand of industrial companies, CHPs will be of highest capacity of around 100
MWe but mostly much lower (WWF, 2007, p. 2).

4.5.3 Peak load gas turbine plants
Peak load gas turbines belong to the third alternative when using gas-fired power plants. They are
only operated during peak hours at around 100 hours per year and are very flexible in production
(with start-up times of around 5 minutes), thus do not use steam for electricity production. This
results in the low efficiency of only 40 percent. In Switzerland, this source does not have any
potential as pumped-storage hydropower is broadly available to cover peak loads (WWF, 2007, p. 3).
Although the Federal Council prioritizes renewable energies for electricity production, it
simultaneously states that fossil-fueled power plants will be inevitable to cover the upcoming supply
gap. “Je weniger wir bei den Erneuerbaren ausbauen, desto mehr Gas brauchen wir”, states Doris
Leuthard, member of the Federal Council and head of the UVEK (translated: The less expansion in
renewable energies is achieved, the more we are reliant on gas). Switzerland will thus have to rely on
large-scale CCGTs, at least in a transitional phase (Müller, 2011). The production by CHPs is thereby
ranked higher than the centralized gas-fired large-scale power plants. Nonetheless, the Federal
Council sticks to its climate-political targets. Only CHPs with certain efficiency levels, heat utilization
and CO2 emission standards will be promoted (20 Minuten, 2011a). But as discussed in chapter 3.3
Constraint: Kyoto and the CO2-law, CHPs fully underlie the CO2 levy by the new CO2-law, thus driving
up the production costs. And as the level of this levy can be increased by law from 36.00 CHF to
120.00 CHF per ton CO2, this approach would again become more expensive.
In contrast, the Swiss Parliament decided in the revised CO2-law that CCGT plants still have to fully
compensate for their emissions. But with regard to the decision to phase-out nuclear power, the
Parliament loosened the provisions for these production plants. Whereas the actual law obliges to
compensate for emissions at least 70 percent domestically, the new law will allow for an abroad
compensation share of even 50 percent. By this means, the Parliament already paved the way for
CCGTs as a transitional solution, as they are economically not efficient under current law. For
instance, Axpo AG (2010) analyzed the option to construct CCGTs in 2005. But with the
implementation of the current law in 2007, obliging for compensation for the emissions by 70
percent domestically, combined cycle gas turbines became “…unwirtschaftlich und fallen zur
Schliessung der absehbaren Stromlücke aus”, states Heinz Karrer, CEO of Axpo Holding AG
(translated: ….uneconomic and thus fail as an option to overcome the arising electricity gap). Today,
Axpo AG is planning to build power plants using this technology in France but also states to again
evaluate domestic production locations if the political framework allows for economic efficiency
(NZZ, 2012). Other electricity suppliers like BKW FMB Energie and Alpiq also see potential in CCGTs
(existing plans for a plant in Utzenstorf) (Gollmer, 2011, p. 19), while Romande Energie has already
completely elaborated plans for two CCGTs in Switzerland, one in Chavalon (VS) with an installed
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capacity of 400 MW (Centrale Thermique de Vouvry, 2011) and one in Cornaux (NE) with also an
installed capacity of 400 MW (Groupe E, 2010).45
Despite the Federal Council’s official prioritization of the decentralized CHP plants, critics claim that
large-scale power plants will prevail due to the fact that the CO2 levy on fuels was avoided and the
compensation regulations were loosened in favor of the 50:50 solution. To still achieve climate
targets, the Federal Council thus implements the levy on combustibles, or put differently on gas,
which adds to the economic inefficiency of CHPs, as CCGTs are excluded from this levy. On the other
hand, it is exactly this 50 percent solution that is being criticized. As electricity production by largescale CCGTs gets more economical, thus mitigate the urgent problem of an electricity gap and hence
reduce urgency for investments in renewable energies. Critiques therefore claim that the sinking
attractiveness of renewable energies will result in a rather permanent instead of a transitional
solution with gas (Swisspower, 2011, pp. 2 - 3). On the other hand, Energie-cluster (2011, p. 12) lays
emphasis on promoting CHPs, as this strategy would be more efficient (at least environmentally)
compared to the large-scale combined cycle gas turbines. They anticipate great potential in this
source if the political framework will be adjusted and market forces come into play. Simultaneously,
this strategy is also considered as a transitional solution only.
Proponents fear that CCGTs become known as large industrial polluters and are thus not accepted by
the population. Pivotal for the total environmental balance is thereby on the one hand the electricity
mix being substituted. Highly efficient gas-fired power plants are much less harmful to the
environment than imported electricity produced by coal (Swiss power, 2011, p. 2). While CCGTs fired
by gas produce around 420g CO2 per generated kWh of electricity, hard coal-fired plants produce
some 1070g and brown coal even 1230g CO2 per kWh of electricity, besides other emissions (TGZ,
2011). On the other hand, the life expectancy of production of a specific power plant has to be
considered. If gas-fired power plants with a maximum of 30 years to maturity will be used as
transitional solutions, their obligatory compensation projects will most likely outlast this period. The
overall effect on the environmental balance will be positive, as the compensatory measures normally
induce long-term CO2-savings (Swisspower, 2011, p. 2).
The ETH Zurich (2011, p. 24) goes even further and assumes the availability of Carbon Capture and
Storage technology CCS by the middle of the next decade. This technology’s potential will be huge, if
the problems of finding appropriate storage possibilities, environmental compatibility and social
acceptance are overcome. CCGTs’ CO2 emissions could be reduced and thus lowering the obligation
for compensation measures. This would result in lowered production costs for large-scale gas-fired
power plants and in economically more competitive electricity production. The ETH Zurich thus
claims capture readiness for CCGTs built before 2025. In contrast, the availability of this technology
would burden the potential of CHPs, as their key advantage is higher efficiency, thus lower CO2
emissions per energy unit produced (heat and electricity). Nevertheless, the actual effect remains
unclear as no information can be found on the position of the Swiss government. Thus, neither
feasibility nor pricing assumptions can be taken. The BfE (2011a, p. 12) though will provide further
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Depending on the actual working hours, this equals around 2.2 TWh and 2.5 TWh of electricity production
per year, respectively.
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information on the option CCS in Switzerland. Further studies are needed to clarify potential effects
(Wallquist, Werner & Siegrist, 2008).
Summing up, gas reveals a great potential. Although the politics officially prioritize CHPs, the market
prepares for installing large-scale CCGTs. Nonetheless, gas-fired plants prove to have the flexibility
producing part of the balancing energy needed if the promoted expansion of the new renewable
energies will realize. With the new CO2-law implemented by 2013, CCGTs would economically
become more efficient, while allowing to hold on to the climate targets. The dependence on gas
deliveries from abroad and on fluctuating gas prices as well as a doubtful public acceptance are the
major disadvantages. A survey conducted by the opinion research company GfS on behalf of
Economiesuisse for instance reveals that only 38 percent of the respondents consider CCGTs as a
suitable transitional solution, while even 46 percent oppose this strategy (Blick, 2011b and Demuth &
Schmid, 2011).46

4.6 Conclusion
While the discussion on the political decision to phase-out nuclear power and the resulting electricity
supply gap gave insights on the emergency of the problem Switzerland is faced with in the near
future, the critical review of the energy sources showed possible potential as well as feasibility of the
different approaches to be used as solutions. By this means, the political framework plays a key role
for the market to come up with solutions. For instance, strengthening the residual flow regulations
for hydropower production would result in lowered electricity output. But the political decisions are
thereby not only affecting hydropower but have a great impact on all the approaches. It is therefore
important when making statements on the future development of the electricity production mix to
incorporate the political estimations and strategic directions. While the nuclear power phase-out is
the most important strategic decision, other assessments in the meaning of prioritizations have to be
taken into account as no overall political strategic framework on Switzerland’s future electricity
supply has been elaborated yet. 47
The Federal Council’s normative strategy for the future electricity supply mainly bases on a
“…saubere, sichere, weitgehend autonome und wirtschaftliche Stromversorgung […] Eine allfällige
zusätzliche fossile Stromproduktion muss auf ein absolutes Minimum reduziert werden“ (translated:
...clean, secure, mostly independent and economic efficient electricity supply [...] Any additional
fossil-fueled production must be reduced to an absolute minimum) (Previdoli, 2011, p. 25). While the
absolute minimum is not closer defined, it might be tempting to assume that if the proposed
expansion in renewable energies will not evolve in the planned direction, fossil-fueled power plants
will be used correspondingly to bridge the gap, as they might be economically more efficient. To
encounter this problem, a monitoring system will be implemented to report periodically on the
46

The survey was conducted in the period from May 5 until May 14, 2011, thus before the decision of the

Federal Council to phase-out nuclear power. The figures shall therefore be interpreted with caution.
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A possible overall strategy will be presented by the Federal Council in 2012, as stated in chapter 4.4 Reducing

electricity consumption.
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development of the renewable energies and to make corrections as needed (Previdoli, 2011, p. 30).
The Federal Council and thereby also the monitoring system prioritize as following: On the one hand,
the energy efficiency has to be strongly increased. On the other hand, the new renewables’ share of
the total production has to be expanded, along with hydropower. Lastly, the residual demand shall
be covered by fossil-fueled electricity production, with emphasis on CHPs. The large-scale CCGTs and
electricity imports shall only be used to cover supply subsidiary (Previdoli, 2011, p. 26).
But as the critical review of the different approaches revealed, the political plan might not always be
plausible and realistic. For instance, the BfE (2011e) estimates the increase in the new renewables’
share in total production at 2.63 TWh by 2020 and at around 9.33 TWh per year by 2035. Adding the
increase in hydropower electricity production (including pumped-storage) of 6.91 TWh by 2020 and
9.89 TWh in 2035 would result in a total production expansion of 9.54 TWh in 2020 and 19.22 TWh
per year in 2035. Compared to the supply gap under the scenario continuing as before of around 40.4
TWh per year in 2035, the total increase in renewable energies would already cover almost half of
this gap. Correcting for the pumped-storage production / consumption and further correcting for
climate changes, the overall renewable energies’ potential reduces to some 12.2 TWh per year in
2035, which are the political target values (SF VideoPortal, 2011a). But as seen in the discussion
above, the hydropower potential could even be negative, which would further reduce this figure to
around 8 TWh per year in 2035, which is quiet a difference to the political target value.
Although the potential of each renewable energy source appears to be limited, the diversification of
the production portfolio mix including all these energy sources reveals great potential, especially for
the period after 2035 up to 2050. The discussion about the renewable energies’ potential exposed
that the targeted value by the Swiss government of 12.2 TWh per year is highly challenging but
achievable. According to other sources, 8 - 10 TWh of production increases per year seems realistic,
but could also be more, e.g. if geothermal technology is available. 48
In contrast, reducing electricity consumption shows a great potential, even though the exact
development remains unclear. The BfE (2011e) as well as Kirchner (SF VideoPortal, 2011a) estimate
efficiency gains and thereby the reduction potential at around 14.3 TWh by per year 2035. To exploit
this potential though, the new overall energy strategy as well as the accompanying measures have to
be implemented as soon as possible. The achievement of this target is criticized though. If the
electricity demand would develop in the future at today’s actual pace, even the reference scenario
continuing as before seems hard to achieve. 49
To sum up, even in the best case scenario, if total electricity demand could be reduced by 14.3 TWh
and the potential of renewable energies be exploited as estimated, a still sizable supply gap of 13.8
TWh remains to be covered in 2035. If consumption would evolve in the way as assumed in the
reference scenario, even 28.1 TWh would have to be supplied differently by 2035. To provide
48

Realistic in the sense of today’s information and estimations about the future availability of technologies.

49

Note: Estimations about an unfavored increase in electricity demand are out of the scope of this thesis. The

figure not only depends on population size but also on the development of the economy as well as on
technological innovations. As the problem bases on political strategies, the political assumptions are taken as
boundaries for further analyses.
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electricity supply for this residual gap, basically three different strategies are available. On the one
hand, electricity imports of different quality could cover at least a part of this gap. But for the
discussed reasons, imports should be treated as a residual source. Nonetheless, the “electricity
island” Switzerland will have to further open electricity borders and intensify exchanges (according to
Robert Lomardini, Chairman of the Board of Directors of Axpo; in Der Arbeitsmarkt, 2012) as the
neighboring countries will be faced with similar problems and renewable energies will be expanded
throughout European. On the other hand, gas-fired plants could provide the supply requirements.
Thereby, large-scale combined cycle gas turbines and decentralized small-scale combined heat and
power plants are distinguished. Despite the prioritization of CHPs by the Federal Council, Switzerland
will have to come up with some large centralized power plants, as they are not only electricity
producers but also balancing energy providers. Kirchner (SF VideoPortal, 2011a) for instance,
assumes the need for two or three of these plants to be built. In total, it will presumably be a mix of
those three strategies to also cover the residual requirements. Yet, it has to be kept in mind that the
electricity supply problem and the process of finding economical and environmental solutions are of
a dynamic nature rather than a static. For example, Switzerland’s electricity demand will presumably
not simply increase linearly but will rather develop in fluctuating manner. The flexible characteristic
as well as the availability within a short time period are thus major advantages of imports and largescale gas-fired plants. And as electricity imports shall be used subsidiary, gas could be an important
transitional alternative. Bruno Oberle, Head of the BafU, also assesses gas as a valuable alternative.
Especially CCGTs, as they would have to fully compensate their CO2 emissions, thus not affecting
Switzerland’s climate targets (Blick, 2011b). Therefore, the central chapter 5 The impact on the Swiss
gas market investigates the probable effects on the Swiss gas market, where production costs,
compensational measures, infrastructure and the dependence on supply of gas from foreign
countries are of main focus.
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5 The impact on the Swiss gas market
The previous discussion on the announcement to not renew the nuclear power plants that are
currently in operation illustrated the impact on the Swiss electricity market and the accompanying
problem of facing an electricity supply gap from 2018. If no actions are taken, Switzerland’s own
electricity supply would not be sufficient to meet its future demand with today’s production portfolio
mix and implemented measures. Even if the Swiss government will be successful in implementing
new measures to increase efficiency and thereby to reduce the overall electricity consumption, the
coverage requirements would still exceed the capacities provided by the existing production plants.
Electricity imports would be the result, which would not only rise domestic electricity prices but also
increase the dependence on foreign production. This dependence should be avoided in favor of
diversification for political as well as for economical, if not at least for ecological reasons (e.g. coalfired production abroad or losses due to long transportation distances). Switzerland therefore has to
come up with a future-oriented strategy, including a well-diversified expansion of the production
sources. By this means, the main focus shall be laid on renewable energies. But as the disquisition
and the critical review of the options revealed, Switzerland will have to rely on gas at least in a
transitional period, which is again affecting its dependence. This chapter is thus dedicated to the
probable effects on the Swiss gas market, discussing the increase in the overall gas consumption
affected by a decision to phase-out nuclear power, as well as the potential of combined cycle gas
turbines and combined heat and power plants. A possible model on Switzerland’s future energy
strategy focusing on the electricity and gas market will then be presented in the last section. As a
starting point for these analyses, a short overview on the Swiss gas market will be given.

5.1 The Swiss gas market
Despite the small size of the Swiss gas market compared to foreign markets such as in Germany or
Italy, it is characterized by strong peculiarities. For instance, the particular procurement strategy
accounts for the size of the Swiss market as well as for the federalistic political structure. The
Transitgas pipeline, as part of the European north-south high-pressure gas pipeline, fosters
Switzerland’s position in the European gas network. In contrast to the EU, the Swiss gas market
showed liberalized properties since 1964. This section is therefore dedicated to give the reader an
overview on the specific dissimilarities and thereby deepen the understanding on what are the
probable effects of a cutback in nuclear capacities.
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5.1.1 Facts and figures
In comparison with other markets, the Swiss gas market is relatively small and topographically highly
challenging at the same time. 50 As of 2010, Switzerland consumed 32’086 GWh of gas, 51 which
accounts for 12.7 percent of its total final energy consumption (BfS, 2011d) but only for 0.7 percent
of Europe’s overall natural gas consumption (Previdoli, 2010, p. 3). As the country does not have any
natural gas resources at its disposal, it is entirely reliant on imports. Thus, 35’002 GWh were
imported in 2010, in contrast to 31’336 GWh in 2009 (BfS, 2011b). This equals an increase of around
10.5 percent. The difference to the consumption figure is due to losses of around 0.6 to 0.7 percent
on the one hand, as well as due to transformation processes on the other hand (around 7.5 to 8.0
percent). Thereby, heat plants and CHP account for the transformation consumption equally (IEA,
2012e). Figure 19 below and table 19 in the appendix summarize the development of natural gas
consumption in Switzerland since 1910.
Figure 19: Natural gas net imports and final consumption in GWh and natural gas consumption in percent of
the total final energy consumption, from 1910 - 2010.

Source: Own illustration, based on BfS, 2011d.

On the demand side, the major consumer groups are residential and the industry, which account for
12’824 GWh and 10’561 GWh, respectively. Together, these groups consume around 73 percent of
the total final natural gas consumption, with the group of commercial and public services accounting
for 6’421 GWh, equaling 20 percent. The remaining part falls on transportation with 162 GWh and
agriculture and forestry with 1’999 GWh (IEA, 2012e). With a share of 23 percent of the Swiss heating
market and as a probable transitional energy source to overcome the upcoming electricity supply
gap, natural gas is of high significance for the Swiss energy market (Previdoli, 2010, p. 3 - 4).
In 2004, 51.9 percent of Switzerland’s net natural gas imports stemmed from Germany, 22.6 percent
from the Netherlands, 10.5 percent from France, 9.5 percent from Russia and 5.5 percent from Italy
50

Final consumption in 2009 for Germany: 740’230 GWh, France: 404’341 GWh, Italy: 473’438 GWh and

Austria: 55’320 GWh (IEA, 2012a - 2012d).
51

This equals 115’510 TJ of natural gas. Conversion factor: 1 GWh = 3.6 TJ.
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(BfE, 2004). Today, three-fourths of the imports stem from Western European countries, e.g. the
countries of the European Union or Norway. Around 24 percent stem from eligible regions in Russia
(VSG, 2011d). 52 The most important suppliers and contract partners are E.ON Ruhrgas, GasTerra, Eni
S.p.A. and the GDF Suez SA, which continuously provided Switzerland with natural gas deliveries
since its beginnings of importing in 1974 (VSG, 2011b).
On the one hand, the nominal natural gas price for consumers averaged at around 9.1 Rp./kWh in
2010. Despite the overall growing trend in nominal prices for gas, the final prices for the consumer
decreased from 10.2 Rp./kWh in 2008 to 9.6 Rp./kWh in 2009 to the 9.1 Rp./kWh in 2010. In
contrast, on a real price basis, the gas price seems to be on a stable, though volatile, long-term trend
for the period between 1965 and 2010. But after falling prices were observed until the 90s, real
natural gas prices for consumers recently increased from 4.9 Rp./kWh in 2000 to 7.7 Rp./kWh in 2008
before also falling to a level of 6.9 Rp./kWh in 2010. 53 On the other hand, for so-called producers,
importers in this sense, the nominal as well as the real gas prices followed an increasing trend up to
2008. On a nominal basis, importers paid around 6.5 Rp./kWh for natural gas in 2010, which
decreased from 7.8 Rp./kWh in 2008 to 7.3 Rp./kWh in 2009. A similar development could be
observed for real natural gas prices, with 6.3 Rp./kWh in 2010 (BfS, 2011a, pp. 46 - 47). These
findings are summarized in figure 20 below and table 20 in the appendix. Clearly evident are the
temporally delayed jumps in prices due to the oil crises in the 70s. What is more, the nominal gas
price development for producers and consumers run in parallel. As will be discussed in the next
section, the Swissgas AG imports around three fourth of Switzerland’s total natural gas demand and
acts as a non-profit organization, as do the regional companies and most of the gas supplying
companies. The mark-up thus reflects the average price for infrastructure related to natural gas.
Figure 20: Real natural gas prices for producers and consumers, in Rp./kWh, base 1990 (on the left) and
nominal natural gas prices for producers and consumers, in Rp./kWh (on the right).

Source: Own illustration, based on BfS, 2011a, 45 ff.
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The Swiss natural gas economy sorts the gas imports according to their contract-related procurement

diversification of its producers and suppliers (VSG, 2011d).
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Note: Natural gas prices for large-scale consumers mostly base on bilateral contracts between the suppliers

and consumers and are therefore not published (D. Bächtold, Head Public Relations and Media Spokesman of
the VSG, E-Mail from February 3, 2012).
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For 2011, increasing average prices are expected, as the natural gas price is linked to the oil price, 54
which increased around 40 percent within the first quarter of 2011. The gas price follows the oil price
with a delay of almost half a year and will thus increase towards the end of 2011 (Beuret & Holzner,
2011, p. 7). 55

5.1.2 The grid and market structure
In contrast to other countries, the Swiss gas market is characterized by a pluralistic decentralized
structure, which takes into account the country’s political and economical particularities. Starting
point of the structures development were the municipal utilities, which were mostly established in
the middle of the last century and produced gas by heating coal. Over the years, coal was substituted
by oil derivatives, before starting to import natural gas on a large scale in the mid-70s. This anchoring
on a decentralized basis still builds the core element of the Swiss gas market structure. The majority
of the over 100 Swiss gas suppliers are thereby in public ownership. The costly construction of the
infrastructure as well as the corporate risk lie on the municipalities, which is why a lot of local
combination utilities also supply water, electricity and district heating to be able to use synergies and
hence to reduce costs. But also numerous pure gas suppliers exist in the market (BfE, 2005b, pp. 1 2).
An important structural characteristic of the Swiss gas market is the regional cooperation of the local
gas suppliers to so-called regional companies. The local suppliers, acting as shareholders, are thereby
the owners of a specific regional company, which act as a non-profit organization. In turn, the
regional companies pool gas orders of the local suppliers, to achieve lower prices and more secure
long-term deliveries. The regional companies on the other hand are shareholders of the Swissgas AG
and again pool their gas orders to achieve lower prices (VSG, 2011e). This federalistic structure thus
uses the collective strength in the procurement while maintaining the decentralized contact to its
consumers (Swissgas, 2012a). Stable relationships between the local suppliers and the regional
companies are thereby of main focus for the secured long-term supply of natural gas (BfE, 2005b, p.
1).
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For further information on the linkage of natural gas prices and oil prices refer to BfE, 2005a, pp. 1 - 8.
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Note: Final data on the average prices for natural gas in 2011 will be available presumably by mid-2012.
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Figure 21: The Swiss gas market structure, as of 2012.
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Source: Own illustration, based on Swissgas, 2012b.
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The Swissgas AG imports around three-fourths of Switzerland’s natural gas demand, which equaled
26.2 TWh of gas in 2010. To achieve its purpose, the Swissgas AG operates a high-pressure gas
pipeline network of around 260 km of total length (Swissgas, 2012b), has a holding in the transit
pipeline through Switzerland and possesses transportation rights abroad. The remaining fourth part
is imported by the regional companies or local suppliers themselves, e.g. in Ticino, the Aziende
Industriali di Lugano SA (AIL) imports the whole demand from Italy (VSG, 2011e).
The procurement strategy bases on long-term supply contracts with four renowned suppliers in the
EU (Germany, the Netherlands, France and Italy) and on geographical diversification. Due to the
importance of natural gas for the Swiss heating market, the long-term contracts therefore need to
build the main supply source. Early 2010, Swissgas AG signed a new long-term delivery contract with
GasTerra, which covers around 20 percent of Switzerland’s total natural gas demand (Beuret, 2010,
p. 9). As the gas price on these long-term contracts is linked to the oil price, the Swiss gas industry
aims at relaxing the linkage by buying spot contracts on the European gas markets. For this purpose,
Swissgas AG, the regional companies and the Verbundnetz Gas Leipzig founded the Swiss Energy
Trading AG (SET) (Beuret, 2010, p. 9). Today, spot contracts are only used in addition to the
structured procurement contracts with middle and long time horizons, while gaining importance in
the future (VSG, 2011a).
Today, twelve entry points for natural gas exist, where gas is imported or exported (Swissgas, 2012c).
The backbone of the Swiss gas infrastructure is thereby the north-south transit pipeline from
Wallbach (AG) to the Griese pass in Valais put in service in 1974, which connects the Northern
European gas fields and with Italy (Transitgas, 2011). Around three-fourths of Switzerland’s total gas
consumption are imported through this pipeline. The 292 km long high-pressure transit pipeline is
operated by the Transit AG (UVEK, n.d.). The branch from Rodersdorf (SO) to Lostorf (SO) and the
massive extension of the transit pipeline as well as the expansion of the preceding and the
subsequent systems abroad fostered Switzerland’s position as a natural gas transit country in the
56

GVM: Gasverbund Mittelland AG, EGO: Erdgas Ostschweiz AG, EGZ: Erdgas Zentralschweiz AG.
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middle of Europe and contribute to Switzerland’s natural gas supply (Swissgas, 2012c and Transitgas,
2011).
The transit pipeline feeds regional pipelines to the Jura, to the eastern part of Switzerland, to the
Swiss Mittelland, the central Switzerland and the western part of Switzerland. The total length of the
high-pressure gas pipeline network therefore runs at 2’151 km. 57 The country’s overall length
including also low pressure pipelines, amounts to 17’950 km (SVGW, 2010, p. 3).
Figure 22: High-pressure gas pipeline network in Switzerland, as per 2011.

Source: Swisstopo, 2011. For higher resolution refer to the appendix.

Even though the network is operated economically efficient, the specific particularities preclude the
comparability of cost effectiveness with the foreign systems. On the one hand, the topographic
challenges, accompanied by the densely populated setting, drive up costs. On the other hand, the
small transported gas quantities compared to the costs as well as legal restrictions, such as landscape
conservation, further impact costs as well as the planning and the construction phases. While the
construction of one km of the transit pipeline cost 2.4 million CHF in 1973, the same length cost
about 4.5 million CHF during the newest construction phase in 2000 /2001 (Swissgas, 2012c). 58

5.1.3 Full gas market liberalization in Switzerland?
The European Union achieved full liberalization not only in the electricity but also in the natural gas
market. The Directive 98/30/EC of June 22, 1998 set minimum requirements for the transportation
(including storage), the distribution and the delivery of natural gas and liquefied natural gas LNG. The
free choice for consumers for their suppliers has been considered as the key of the Directive. In 2004,
57

Note: High-pressure gas pipelines have a minimum of 5 bars pressure. Data refers to 2009.
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Note: The figures are adjusted for inflation.
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the Directive 2003/55/EC has been established to replace the first one, to overcome disparities in
implementation between the member states and to accelerate the enactment. Focus of the Directive
was laid on the possibility of the member countries, to impose “service public”-obligations on natural
gas suppliers, which guarantee quality, security and regularity of supply as well as equitable prices
(UVEK, 2005, pp. 1 - 2). The Directive 2009/73/EC, as part of the third Internal Energy Market
Package became binding on June 25, 2009, again replaced the existing Directive. The target was
thereby laid on a better integration of the energy markets and a more efficient usage of the
transportation network. In addition, the EU ordinance 994/2010 on measures to safeguard the
security of gas supply was established as a reaction to past gas crises. By this means, a risk valuation
on the security of supply shall be performed on a two year basis and preventive as well as emergency
strategies be elaborated. Part of the preventive strategy bases on gas storage expansions of the
member countries, to keep up supply in the case of shortages for seven days under extreme
temperatures and peak load demand or for 30 days under extraordinary high consumption, with a
statistical occurrence of every 20 years. 59
In contrast to the European Union, the Swiss high-pressure gas pipeline market is partly liberalized
since March 1964. Art. 13 of the Pipeline Act 746.1 grants third parties the access to the pipeline
network, if “…sie technisch möglich und wirtschaftlich zumutbar sind, und wenn der Dritte eine
angemessene Gegenleistung anbietet“ (translated: ...technically possible, economically reasonable
and the third party offers a suitable consideration). It is generally argued that the Act combined with
the Anti-Trust Law 251 suffices to ensure full and non-discriminatory access to the network and thus
make a takeover of European law unnecessary (Economiesuisse, 2010, p. 23). Even though the
provision has been existing for a long time, it was only after the gas industry signed a voluntary
agreement in 2003 which facilitates third party access to the network, that the regulation has been in
use (UVEK, n.d.). It has been criticized though that the agreement only covers the high-pressure gas
pipeline market and would thus not fully open the whole market. What is more, neither were the
large-scale gas consumers granted to participate in the drafting nor did the agreement conform to
the developments of the EU regulations. Meanwhile, the Swiss gas industry incorporated these
existing agreements into a comprehensive industry-specific solution, which governs all pressure
levels. In 2007, binding standards for network usage cost calculations for pressures below 5 bars
were implemented with the system called Nemo. Additionally, since October 1, 2011 the general grid
conditions on a regional and local level became effective.
Contrary to the EU systems, the Swiss natural gas industry is characterized by a bottom-up structure,
low unbundling and no sector-specific governmental regulations (Economiesuisse, 2010, p. 24).
Currently, the large-scale industrial consumers and the gas suppliers negotiate about a new industryspecific solution, which should be implemented by October 1, 2012. The aim is to set up equal
conditions for network usage for third parties. The BfE thereby reserves the right to prepare a draft
of a gas supply act, similar to the existing Electricity Supply Act 734.7 (SVGW, n.d.), if either the
industry would fail to implement a comprehensive agreement, third parties would demand a
59

Compare article 9 - 11 of the ordinance. For provisions regarding the risk valuation formulas, refer to

Appendix 1 of the ordinance.
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legislative regulation or the developments of the EU gas market would demand for governmental
regulations (Steinmann, 2009, p. 24). Although a gas supply act is considered as an undesirable
solution, demand arises for a regulatory authority which controls the terms for network usage,
similar to the ElCom for electricity (NZZ, 2009). If the Swiss gas market shall be further liberalized
with industry-specific agreements, several points need to be specified to a certain extent, e.g.
security related requirements for the network as well as for network operators (SVGW, n.d.). But if
the above-mentioned bilateral electricity agreement with the European Union would be widened to
an overall energy agreement, which would also include gas, a paradigm shift for the Swiss gas
industry would be necessary, accompanied by a partial or complete takeover of the EU acquis
(Previdoli, 2010, p.24).

5.2 Evaluating dependency and security of supply
In order to make statements about the implications of a cutback in nuclear power on the Swiss gas
market, it is important to describe the actual dependency structure on the foreign suppliers and to
the evaluate the future security of supply. As illustrated in the previous discussion, quitting nuclear
power for electricity production will raise the overall demand for natural gas. And as natural gas
contributes to the diversification of the country’s energy supply portfolio, thus being obliged to a
sense of “service public” contributions with uninterrupted gas deliveries (BfE, 2005b, p. 2), the
security of natural gas supply plays a key role.

5.2.1 The dependency structure
As Switzerland does not possess economically exploitable natural gas resources, it is fully reliant on
imports. The responsibility for gas procurements thereby primarily lies with the gas industry itself,
where Swissgas AG imports the major part of the demanded volume (over 75 percent). The
government encroaches only subsidiary by setting favorable framework conditions for the gas
industry to fulfill its “service public”-obligation. Even in the case of supply shortages, the government
would only intervene until a balanced supply (on a lower level) is assured (Beuret, 2007a, p. 1).
Today, the gas industry procures its pooled demand from reliable partners of four politically stable
European Union countries: Germany, the Netherlands, France and Italy. In turn, their supply sources
mainly stem from the Netherlands, Norway, Russia and Algeria (in descending order), 60 which then
relativizes the security of supply as some countries manifest political risks, e.g. Russia and Algeria.
But also transit countries bear political dangers, e.g. Ukraine, Belarus or the Georgian Republic
(Beuret, 2007a, p. 3).
Switzerland’s supply structure thereby heavily relies on the high-pressure pipeline of Transitgas, as
part of the Trans-European-Natural gas-Pipeline TENP. Swissgas AG, as the principal shareholder of
Transitgas, is allowed to use only around one tenth of the Transitgas pipeline’s capacity exclusively.
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Total supply by country in 2007: The Netherlands 36.9 percent, Norway 27.4 percent, Russia 23.6 percent

and Algeria around 3 percent (Meister, 2010, p. 131).
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The remaining capacities primarily serve for transits to Italy, which imports around one fifth of its
total demand via Switzerland, thus having great interests in the Transitgas pipeline. As the prices for
natural gas are higher by trend in Italy compared to other European countries, cheaper imports from
northern suppliers seem very attractive. Therefore, different importers and traders are interested in
the limited capacities, creating in a bottleneck situation on the Transitgas pipeline. The European
regulations thus stipulate that these capacities need to be auctioned. Only some portion of the ENI
reserved capacities as well as all of the Swissgas AG reserved capacities are excluded from the
auctioning mechanism. As the import capacities for Switzerland today cover the current demand, no
auctions have to be made used of. On the contrary, surplus capacities are deallocated and enter the
auctioning mechanism for transits to Italy (Meister, 2010, pp. 130 - 132).

5.2.2 Missing storage possibilities
As opposed to oil, Switzerland has no strategic natural gas storages for its disposal, as neither
geological storage nor large-scale LNG storage possibilities are available. Moreover, high investment
costs for construction of such storages in contrast to a comparatively small market further hinder the
building of such facilities. Although some small storages exist, so-called pipe or spherical storages,
they are only used as daily compensation storages. Since 1989 though, Gaznat holds shares in the
large-scale underground storage of GdF in Etrez, near Lyon (VSG, 2011c). By this, Gaznat could cover
peak demand in the winter for even 40 days if other sources fall short of supply (Meister, 2010, pp.
133 - 135). The Lisbon Treaty requires the access to storages in times of crisis only for EU member
countries, thus treating Swiss consumers subordinated. Via a bilateral agreement with France, a
guaranteed, non-discriminated access to the underground storage was negotiated (UVEK, 2009). In
contrast, the German speaking part of Switzerland does possess any direct participation in foreign
natural gas storages but could access during times of crisis as negotiated on a contractual basis.
Theoretically though, it would be possible to construct large-scale storages in Switzerland, e.g. in
underground salines, storages in rocky layers or liquid gas tanks. The latter would probably be too
costly, as an accompanying LNG terminal for liquefaction and regasification is required (Meister,
2010, pp. 134 - 135). Nonetheless, the lack of strategic natural gas storages bears high risks, as
Switzerland is dependent on the foreign suppliers and supplier countries (Beuret, 2007a, p. 3).
To some extent, oil is used as short-term guarantor for the security of supply of natural gas. Around
40 percent of the total natural gas consumption is demanded by the 7’500 large-scale consumers,
which use power plants either fired by gas or by fuel oil. In the case of national or international
natural gas shortages, these facilities could quickly enough switch to firing oil and thereby reduce the
overall gas demand by around 40 percent. For this reason, the compulsory stockholding of natural
gas by the ordinance obliges the large-scale consumers to store fuel oil instead of gas. The gas
storages thereby need to be designed such that the demand of these consumers could be covered by
oil for at least 4.5 months. But no such regulations exist for the remaining 60 percent of natural gas
consumers, making gas more vulnerable than oil (Meister, 2010, pp. 134 - 135).
With Switzerland geographically located in the center of the European gas grid, it seems
straightforward that in the case of gas supply shortages, a higher share of the transported volumes to
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Italy could be consumed. Today, Italy produces a major part of its electricity by firing natural gas and
therefore relies a lot on imports. Around five to six times of the volumes consumed in Switzerland
are transported via the Transitgas pipeline to Italy. Switzerland thus plays an important role in gas
supply of the southern EU member state. If the EU would cut deliveries to Switzerland, also Italy
would be affected. It would be wrong though to assume that this position leads to higher negotiating
power. Besides gas, also oil has to be imported to Switzerland from the surrounding countries, all
being EU member states. This illustrates the high dependence of Switzerland on the EU energy
supply, which is why the negotiating power is strongly limited (Meister, 2010, p. 134).
The decision of the Federal Council and the Parliament to phase-out nuclear power could have a
positive impact on Switzerland’s security of supply in terms of future underground gas storages. The
Swiss gas industry, under the guidance of Gaznat, is planning a large-scale storage in Innertkirchen
(BE), where compact granite formations as well as the proximity to the Transitgas’ high-pressure
pipeline build the optimum prerequisites for such a storage facility. Today, a study on the economic
feasibility investigates a minimum storage capacity of ten million standard cubic meters of natural
gas. 61 The costs are thereby estimated at the lower three digit million CHF range. As natural gas is
mainly used today for heating purposes during the winter months, large volumes of gas could be
bought during the lower priced summer months and then stored underground to off-cycle price
movements. According to the study, the storage could be in service by 2017, one year before the first
NPP will go off-line. “Im Falle eines verstärkten Einsatzes von Gas für die Stromproduktion könnten
Erdgas-Grossspeicher besonders wirtschafltich sein“ (translated: In the case of an extended use of
natural gas for electricity production, large-scale gas storages could become economically especially
efficient) states Heinrich Schwendener, Head Energy at Swissgas AG. Alternatively, a participation or
rent in foreign natural gas storages could be considered to further increase security of supply (Stahel,
2011).

5.2.3 Long-term contracts
An important role in the evaluation of the security of supply play the long-term natural gas supply
contracts with reliable partners, based on take or pay clauses. These partners procure their natural
gas demand either from domestic production or via a diversified supply portfolio. For Switzerland
thus results a reliable, broadly diversified import portfolio, with long-term characteristic. On the one
hand, the contracts run around 20 to 25 years with uninterruptable deliveries and occasionally even
include provisions to extend the contract. On the other hand, some contracts include agreements on
guaranteed deliveries, even if the supplying country faces shortages. These long-term contracts are
therefore amongst the cornerstones of a functioning security of supply for Switzerland (Swissgas,
2009, pp. 2 - 3).
But the long-term contracts will stepwise expire within the next years and will only partially be
replaced. The future natural gas procurement strategy will thereby be broader and more flexible.
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Supported by shorter lasting contracts as well as by splitting the demand on even more suppliers will
reduce procurement risks and will increase diversification and security of supply (VSG, 2011a).

5.2.4 Lack of own production
Today, Switzerland does not possess economically exploitable production locations, even though it
cannot be excluded to find natural gas resources to cover at least part of Switzerland’s demand. The
only commercially used site in Finsterwald (LU) ceased production in 1994. Nonetheless, projects
exist for domestic natural gas production, e.g. in Noville (VD). The success of this project is highly
uncertain as the probability of finding natural gas for economically efficient production lies at only
around 15 percent. Nevertheless, if no gas would be found the location could serve as natural gas
storage facility though, as the porous rock layer would be suitable for storage. Besides this, further
projects for natural gas production have been launched in Nidwalden, Obwalden, Weiach (ZH) and
Hermringen (BE). The outcome of these projects is thereby very doubtful (Meister, 2010, pp. 134 136).

5.2.5 Conclusion
Today, Switzerland’s security of supply is considered to be fairly high. On the one hand, the broadly
diversified procurement from reliable suppliers and supplier countries foster the overall security of
supply. On the other hand, the long-term supply contracts as well as the participation in foreign
underground gas storages, at least on a contractual basis, again strengthen the security of natural gas
supply. Moreover, thanks to the strong crosslinking of the national networks on an international level
and the twelve entry points of the Swiss gas grid, the Swiss natural gas consumers have been
supplied now for more than thirty years without interruption. Several studies conducted by the IEA
as well as by the European Commission concluded that only in the worst possible case, 62 natural gas
shortages in Western Europe, and thus also in Switzerland, would occur (Beuret, 2007a, p. 1).
Nonetheless, without own production possibilities and without large-scale storages, Switzerland is
absolutely reliant on foreign suppliers. Due to the Lisbon Treaty, the European member states will
prioritize natural gas deliveries amongst each other in times of crisis. Depending on the severeness of
such a scenario, this would negatively affect the supply situation in Switzerland. A bilateral treaty on
energy as well as a broader diversified import portfolio would thus be desirable, e.g. through
regasified LNG from Italy. Thereby, the Transitgas pipeline could be reversed, which is technically
already feasible. The dependence on the largest importer country Germany, and thus indirectly from
Russia, would shrink and the gas-to-gas competition be increased. Due to high costs as well as the
comparatively small demanded quantity in Switzerland, this option is of rather low priority (BfE,
2005c, pp. 1 - 2). To sum up, also the Federal Council considers today’s security of natural gas supply,
as satisfactory. Contemporaneously, it states that during times of crisis, the Gas Coordination Group
GCG of the European Union would intervene subsidiary after all market mechanisms fail. Switzerland,
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as a third country, is thereby not allowed to participate in this committee, what is affecting its
security of supply adversely. As part of the bilateral contracts, Switzerland should negotiate about a
future participation. For this, a higher level of market liberalization is mandated as well as a gas
market act to be implemented (Das Schweizer Parlament, 2011a).

5.2.6 Evaluation of the effects of a nuclear power phase-out
If Switzerland definitely decides to quit nuclear power for electricity production and would use gas as
a transitional solution to overcome the arising electricity supply gap, fundamental changes in the
natural gas market could be the result. First, the natural gas demand would increase considerably. To
produce 10 TWh of electricity by natural gas in a centralized manner, e.g. by CCGTs, would increase
the gas demand by around 50 percent. The installation of 3’600 MW of total capacity would even
double today’s demand, calling for some seven to nine CCGTs. To cope with this immense increase, a
gas market reform would be likely to be implemented in order to guarantee flexibility and handle the
extra capacities (IEA, 2007, pp. 15 - 16). Second, the increased importance of the Swiss gas market
would encourage new actors to enter the market. Hence, the bottom-up structure of Switzerland’s
gas supply could change rapidly (Beuret, 2007b, pp. 4 - 5). Third, the production of electricity by
natural gas would raise the necessity for strategic large-scale gas storages (Meister, 2010, p. 197).
Switzerland should therefore invest in own storages, similar to the planned one in Innertkirchen, or
at least participate in foreign storages, as the European Union is heavily expanding the construction
of underground gas storages (Stahel, 2011). Fourth, the already discussed negotiations with the EU
about a bilateral energy treaty shall be fostered. The IEA even proclaims in its in-depth assessment of
the Swiss energy policy (IEA, 2007, p. 16) an establishment of an EU compatible regulatory
framework which would facilitate the conclusion of flexible spot and long-term supply contracts. By
all this, Switzerland could still guarantee security of supply of natural gas, even if the overall demand
is heavily increasing.

5.3 Nuclear power phase-out and gas-fired alternative energy sources
Quitting nuclear power for electricity production has a great impact on the supply side of the
electricity market. A stepwise phase-out implements a well-ordered loss of load of a large amount, as
NPPs are of high capacities. The critical review in chapter 4 on the options to compensate this loss
revealed that amongst different solutions, natural gas plays an important role. The questions to
address now are the following: What could be the effect on the Swiss natural gas market? Would the
market be able to provide enough capacities for the additional demand? As no official definitive
strategy on the future electricity production portfolio has been elaborated yet, two strategies are
investigated separately. First, an evaluation of a CCGT strategy is examined, in the sense of a
centralized large-scale production approach. As opposed, the decentralized production strategy by
smaller CHP is investigated in a second step.
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5.3.1 Evaluating CCGT strategy
CCGTs, as large-scale power plants for a centralized production strategy, are characterized by several
advantages compared to other (possible) energy sources, which makes their use particularly
attractive. But due to certain disadvantages, this technology is considered rather transitional. This
section therefore evaluates the use of CCGTs as probable part of Switzerland’s overall energy policy.
A detailed review of possible locations for these power plants, costs and reserve capacities is
necessary for a proper evaluation.

5.3.1.1 Possible locations for CCGTs and gas network requirements
Switzerland imported around 32 TWh of natural gas in 2010, which is only a fraction of the total
amount of about 200 TWh transported via the Transitgas pipeline to Italy. Today’s natural gas
demand corresponds approximately to the annual demand of six to eight CCGTs. With the possible
future energy strategy under the scenario continuing as before and centralized fossil-fueled
electricity production, some eight to nine CCGTs would have to be constructed. This would therefore
double Switzerland’s total natural gas demand and would then account for around 1.5 percent of
Europe’s total natural gas consumption. Given the existing gas import capacities, this strategy would
physically be realizable. Thus, the sourcing of natural gas in Switzerland is determined by economical
and security of supply related factors (BfE, 2007b, p. 514).
Form a technical-economical perspective, locations close to the existing high-pressure gas pipeline
network as well as to the high-voltage grid (380 kV, 220 kV) are most suitable. Thereby, a branch pipe
of a maximum length of 20 km should be built from the CCGT’s location to these pipelines. The costs
for the construction of such a pipe would amount to some 2’000 CHF per meter. Thus, for a pipe of
ten km of length, this would result in converted 36 CHF/kWel or in around 6 percent of the
investment costs of a CCGT. The pressure at the collection points should be at least 40 bars.
Otherwise, compressors would be needed additionally to operate these power plants. The pressures
at the existing collection points today ranges from 25 to 63 bars, which would suffice in most cases
(BfE, 2007b, p. 27). Furthermore, depending on the cooling system, around two to three hectares of
construction terrain would be necessary for the power plants (p. 28). 63
Besides the above mentioned aspects, also the possibility for waste heat recovery as well as zone
plan factors determine possible locations for CCGTs (BfE, 2007b, p. 514). The CO2-Compensation
ordinance 641.712 thereby requires a minimum overall efficiency level of 62 percent on new
locations and 58.5 percent on locations, where a fossil-fueled power plant was operated before. This
limit requires the power plant operators to extract and sell the waste heat, e.g. for industrial usage.
Furthermore, according to the VSG (D. Bächtold, Head Public Relations and Media Spokesman of the
VSG, E-Mail from February 3, 2012), the construction of these plants is mainly dependent on the
acceptance of the population and especially of the local residents. As for example in Geneva, such a
project was abandoned after heavy resistance of the local population.
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In conclusion, finding optimal locations for the large-scale gas-fired power plants is a complex
process, underlying a lot of constraints. The working group Standorte und Bewilligungsverfahren für
fossil-thermische Kraftwerke generally considers possible locations throughout the Swiss Mittelland,
except for the Eastern part of Switzerland and the peripheral regions, as the pressures at the
collection points would be too low (Das Schweizer Parlament, 2011b). As the existing NPPs are
located close to the high-pressure gas pipeline network, the Swiss government (UVEK, n.d.) as well as
the VSG (D. Bächtold, Head Public Relations and Media Spokesman of the VSG, E-Mail from February
3, 2012) see these locations as a favorable solution, as also the infrastructure is already available.

5.3.1.2 Costs
Combined cycle gas turbine plants without CO2 sequestration are characterized by low specific
investment costs. A power plant of around 400 MWel capacity requires capital expenditures of about
600 CHF/kWel. 64 The cost degression for these CCGTs is thereby assumed to be low, such that by
2020, the investment costs would decrease to some 550 CHF/kWel and probably remain constant up
to 2050. According to the Energy Consulting Group (in BfE, 2007b, p. 27), another 21 percent of these
investment costs have to be added as project costs, which include interests on capital during the
construction period, required construction land, financing, planning work, permissions, services from
third parties and miscellaneous. The Group thereby estimates the yearly fixed costs for operation at
4 CHF/kWel and the variable costs at 2.5 CHF/MWhel.
Depending on the location of the CCGT, additional costs will apply. If a compressor is needed as the
pressure at the collection point is lower than the required 40 bars, this would add another percent of
the specific investment costs of such a power plant. Moreover, the length of the branch pipe is also
influencing the overall costs. As illustrated in the above example, a pipe of ten km of length would
add about 6 percent of the initial investment costs to the total capital expenditures. Catalytic
converters for NOX and CO would again raise the total costs by around two to three percent (BfE,
2007b, pp. 27 - 28).
Hence, the initial investment costs of today 600 CHF/kWel would rise about 32 percent when
including all the necessary additional measures. For a ready to use power plant, this would equal
approximately 800 CHF/kWel total capital expenditures today, and will slightly decrease to 726
CHF/kWel till 2020 (BfE, 2007b, pp. 28 - 29). 65 Although with 880 CHF/kWel slightly higher, the VSE
(2011b, p. 28) also estimates the final costs close to this range. 66 Therefore, total investment costs
for a CCGT with a capacity of 440 MWel, would amount to around 350 to 390 million CHF.
The investment costs are thereby only partially influencing the electricity production costs of CCGTs.
The most dominant cost factors are the fuel costs and the CO2-costs. As the CO2-costs are regulated
regionally different, this would lead to a distortion of competition. In the European Union for
instance, the CO2-costs are deviated from the CO2 emission allowance prices. But as Swiss CCGTs
64
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can assume these data still as valid today (Das Schweizer Parlament, 2011b).
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would have to fully compensate their emissions, this would result in higher CO2-costs, therefore in
higher generating cost and would thus burden domestic production. Due to this economic
inefficiency, the regulations had to be loosened for the domestic compensation’s share from 70 to 50
percent. The electricity production costs of a CCGT in the European Union today amounts to around
10 - 15 Rp./kWh, which would presumably be slightly lower than the Swiss generating costs (VSE,
2011b, p. 28).
As the sensitivity analysis illustrate (figure 23 below), the gas price heavily influences the electricity
production costs. The generating costs thereby react very sensitive to the volatile gas prices. Due to
the pronounced electricity demand during the winter months, the maintenance work will be
performed in summer. Therefore, the electricity production by CCGT will be split over the year into a
2:1 winter-summer ratio. But as natural gas is also used for heating purposes, prices for natural gas
are higher in the winter by trend, which directly influences electricity production costs. Large-scale
natural gas storages are thus of great interest, to at least partially compensate for seasonal price
fluctuations.
Figure 23: Sensitivity analyses of the electricity production costs for CCGTs.

Source: BfE, 2007a, p. 126.

5.3.1.3 Approval process and construction time
Combined cycle gas turbine plants are characterized by a comparatively short construction time.
According to the ordinance on Environmental Impact Assessment (EIA) 814.011, power plants with
an installed capacity of more than 100 MWth are subject to EIA, which is regulated under cantonal
law. The assessment of the impact on the environment thereby precedes the actual approval
process. The approval is then generally divided into three separate parts: The construction permit
70

Nuclear Power Phase-Out

The impact on the Swiss gas market

procedure, the planning authorization procedure for the gas branch pipe and the planning
authorization procedure for the high-voltage transmission line. In the case the cooling system bases
on river water, a cantonal concession process has to be passed additionally (Das Schweizer
Parlament, 2011b). In parallel, the operating company has to enter a contract with the Swiss
government, which regulates the obligatory CO2 compensational measures (VSE, 2011c). Finally, the
construction time of a CCGT is assumed to take around 24 months, as estimated by the working
group Standorte und Bewilligungsverfahren für fossil-thermische Kraftwerke (Das Schweizer
Parlament, 2011b). In total, the Federal Council estimates the required time until the operating
permit is issued to be about 4 to 6 years. Also the VSE estimates a realistic period of 5 years (VSE,
2011c).

5.3.1.4 Evaluation
On the one hand, large-scale gas-fired power plants have some great advantages. First, only a minor
fraction of the existing infrastructure for natural gas would have to be extended to provide enough
resources needed in order to run a CCGT. Second, thanks to the short period of construction time,
the demand for these power plants could be planned close to the overall demand for electricity,
thereby following trends which might be independent of the future energy strategy of the Swiss
government. Third, the comparatively low investment costs would enable a quick depreciation of the
power plant, thus enable for a prompt decommissioning in the case of availability of cleaner energy
sources. The quick depreciation would also positively impact electricity production costs and hence
electricity prices. Fourth, the operational design would allow for a compensation of fluctuations in
electricity production by new renewable energies. Another possible advantage could be the
availability of CCS-technology, which enables to capture and store CO2 emissions resulting from firing
natural gas. In a methanation process, this captured CO2 is again used in combination with H2 to
produce methane (CH4 - being a part of natural gas), which can then be fed into the natural gas
pipeline system. The H2 is gained by electrolysis, e.g. using electricity produced by renewable
energies. The CCGTs thus could be operated more “clean”, while costs for CO2 compensations would
be lowered. 67 The availability of this technology as well as the position of the Swiss government on
this subject remain unclear at present. On the other hand, major downturns are the variable input
costs (natural gas), the additional costs for CO2 compensational measures and the still low
acceptance in the population, as these large-scale CCGT plants are considered as big polluters.
Therefore, using CCGTs as a single alternative to overcome the upcoming electricity supply gap would
not be efficient, not least for reasons of diversification effects in production.

5.3.2 The combined heat and power plants
With the Federal Council’s decision to stepwise phase-out nuclear power for electricity production, it
simultaneously stated a prioritization of renewable energies, followed by natural gas production and
imports as necessary. But the discussion in chapter 4 on the different options to overcome the
67
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electricity supply gap revealed that the expansion of renewables will not suffice to cover the whole
gap, thus calling for natural gas-fired power plants as bridging technology, where the decentralized
production by CHPs is the preferred strategy of the Swiss government. This section is thus dedicated
to the potential of these power plants, demanding a critical review of the obstacles this technology is
encountered with today.

5.3.2.1 The CHP technology
For reasons of efficiency, especially the smaller CHP plants need to be heat driven. Hence, as
discussed in chapter 4.5.2 CHP, their potential is assumed to be limited due to economical as well as
to political reasons. Today, around 1’600 GWh of electricity are produced by CHPs, which equals
around 2.4 percent of Switzerland’s total electricity production. 68 Thereby, the major part stems
from industrial production, waste incineration plants and district heating power stations. Roughly
600 GWh come from the production of mid- and small-scale plants, of capacities lower than 1 MW
(VSE, 2011b, p. 29). The total installed capacity amounts to 495 MW, summed up over almost 1’000
CHP plants.
As CHPs are heat driven for optimal efficiency, their overall capacity potential is deviated from the
future demanded heat potential as well as from economic efficiency. Even though detailed
assessments are needed for proper statements (refer to chapter 5.3.2.2 Obstacles), first rough
estimations made by the BfE show an overall potential of 10.6 TWhel and 16.7 TWhth. To exploit this
potential, the plants would have to be operated at over 4’000 hours yearly with an economic lifetime of 15 years. Depending on primary energy prices and the installed capacities of the plants,
electricity production costs would amount to around 10.0 to 15.0 Rp./kWh. Even though this price
would be lower than today’s average end consumer price for electricity of around 17 to 19 Rp./kWh,
it would be almost twice as high as today’s average feed-in price of 7.8 Rp./kWh and hence
inefficient as CHPs are heat and not electricity driven (Previdoli, 2011, p. 32). Erb, Gutzwiller &
Kaufmann (2012, p. 43) also estimate the overall potential of a CHP strategy to be at around 6 to 10
TWhel and 10 to 17 TWhth, which would equal around 10 to 16 percent of the electricity needed in
2035 under the scenario new energy strategy. Generating cost estimations amount to 15 Rp./kWh,
which lies in the range estimated by the BfE. Similar assessments are calculated by the VSE (2011b, p.
29), which sees a probable expansion of the installed 495 MW up to 2’000 MW until 2030.
Depending on the operating hours assumed per year their electricity production potential estimation
would correspond with the range of the BfE and Erb, Gutzwiller & Kaufmann.
As already discussed above, the Swiss natural gas market would be able to provide the extra
capacities of natural gas or biogas. Even in the case of a vast expansion of the CHP plants, the existing
high-pressure pipeline network would allow to cover the additional demand. The regional gas
networks are also well meshed and are able to handle extra capacities. Depending on regional
concentration, local grid extensions might be necessary (VSG, 2011g, p. 4). As stated, the CHPs have
to be operated heat driven and would thus be installed preferably on locations where the produced
68
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heat can be sold. To be precise, this means in regions of high heat density, e.g. cities or
agglomerations. In order to make proper statements about regional extra demand for natural gas
and the resulting regional extra demand for infrastructure, detailed assessments of the regional
potential and concentration of CHPs would be necessary. 69

5.3.2.2 CO2 emissions
Although the efficiency in electricity production by CHP plants is comparatively low, ranging from 20
to 47 percent using today’s technology, the overall efficiency with heat usage is very high, reaching
over 90 percent (Previdoli, 2011, p. 36). Despite the high efficiency level, the fossil-fueled power
plants are producing around 210 g CO2/kWhel. Compared to CCGTs, which produce some 360 g
CO2/kWhel, their emission are roughly 40 percent lower (Erb, Gutzwiller & Kaufmann, 2012, p. 44).
Nevertheless, replacing the existing oil heating boiler with heat pumps, driven by electricity produced
by CHPs, the overall CO2 emissions could even be reduced. According to estimations of the BfE
(Previdoli, 2011, p. 32), around 25 percent of the produced electricity by CHPs would be necessary,
equaling around 3 TWhel, to operate heat pumps and thereby to reach “CO2 neutrality”.
However, the CO2-law today obliges the CO2 levy on CHP plants. Increasing CO2 taxation is therefore
a great burden to investors of CHPs, as the feed-in of electricity to provide energy for the heat pumps
is economically inefficient. Erb, Gutzwiller & Kaufmann (2012, p. 43) therefore see the need for an
exemption of CHPs from this levy, if the government decides on promoting the CHP strategy.

5.3.2.3 Obstacles
In June 2011, after the Federal Council’s decision to phase-out nuclear power, the BfE presented a
new possible CHP strategy, as part of the solution to overcome the emerging electricity supply gap.
The aim is to provide around 11 TWh of Switzerland’s overall electricity demand by decentralized
production. According to the BfE, especially small-scale CHPs shall be installed in family homes, with
a probable target value of around 160’000 mini power plants by 2035 (Stadelmann, 2011). But as the
discussion in chapter 4.5.2 CHP revealed, the overall potential of CHPs is very limited primarily due to
the political framework. For instance, the BafU is elaborating stricter nitrogen oxide emission
standards for combustion engines. By implementing these new limits, the operation of CHPs would
become more expensive or would even be prohibited. Enormous coordination needs in the
department UVEK are thus mandated (Stadelmann, 2011 & VSG, 2011g, p. 5). Moreover, CHPs could
be fired by biogas and thereby reduce their overall CO2 emissions. Given that Switzerland’s total
demand for biogas is increasing much faster than its production, additional volumes would be
necessary to be imported via the existing pipeline network. But the General Directorate of Customs
mandates a measuring system to capture each unit of biogas imported. These provisions therefore
preclude a certified exchange of biogas to date (VSG, 2011g, p. 5). Consequently, Adrian Jaquiéry,
President of the Association of CHP, demands an abolition of the existing obstacles. He calls for a
further market liberalization, thereby permitting electricity producers to sell electricity to third
69
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parties directly instead of being obliged to sell the electricity to the electricity supplier companies for
around half the generating costs. A survey conducted by the CHP Association also concludes
economic inefficiency due these low compensational prices for feed-in. For these reasons, Hajo
Leutenegger, Chairman of the Board of Directors of the VSG, postulates the need for stimulating
measures, if CHP technology should be promoted to partly overcome the electricity supply gap
(Stadelmann, 2011). For this purpose, the BfE is currently evaluating options for probable measures,
e.g. a compensatory feed-in for CHPs, exemption from taxes or promotions on the capex side
(Previdoli, 2011, p. 35). Even the Federal Council describes today’s political framework as too
prohibitive for CHP technologies to independently prevail in the market (Das Schweizer Parlament,
2009). What is more, regulatory provisions for the operation of CHP plants differ on a cantonal and
even on a communal level, which impedes an overall CHP strategy (VSE, 2011b, p. 30).
Besides, an expansion of the decentralized electricity production would not only technically but also
economically burden today’s grid infrastructure. Depending on regional concentrations of CHP
plants, different increases in grid costs could be the effect. Additional requirements for balancing
energy need to be clarified (Das Schweizer Parlament, 2010, p. 3). According to the Federal Council,
assessments on this subject are in progress. As CHPs need to be heat driven to operate efficiently, a
detailed assessment on Switzerland’s future heat demand in terms of economic potential is
necessary. Again, information should be available within a short time (Das Schweizer Parlament,
2009). With regard to the overall costs, in comparison with the centralized production by CCGTs
reveals an almost twice as cost-intensive production strategy by CHPs (Das Schweizer Parlament,
2010, p. 2). Also BKW (Ganz, Weiler & Stahl, 2012, p. 38) estimates 97 percent higher costs for the
CHP strategy. 70

5.3.2.4 Evaluation
In contrast to the large-scale CCGT power plants, the small sized CHPs are characterized by high
overall efficiency levels of around 85 - 95 percent. The combined production of heat and electricity
thus aims at an optimal usage of the primary energy source, e.g. natural gas, biogas or diesel.
Additionally, thanks to the decentralized manner in production, transmission losses of electricity and
heat can be reduced (VSG, 2011h), which is again contributing to the overall efficiency of the energy
system. Hence, a high potential of CHPs for covering the emerging electricity supply gap could be
ascribed, as it is also postulated by different interested parties. For instance, by setting optimal
political framework conditions for market forces to come into play, the Energie-cluster (2011, p. 12)
would ascribe this technology enough potential to be exploited quickly. Similarly, also the VSG
(2011g, p. 5) demands a revision of the existing energy strategy and consequently modifications of
the framework conditions. Due to the allocation of legal competences, guidelines on a cantonal level
are thus of major focus. According to the association, an abolition of the prohibitive regulations in
terms of air quality as well as an elimination of the administrative provisions regarding the import of
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biogas are demanded. In contrast, the Federal Council (Das Schweizer Parlament, 2009) perceives
CHP plants only as a transitional solution to partly cover the arising electricity supply gap. Thereby,
the small- and mid-sized plants possess highest potential. This would result in comparatively high
total investment costs of almost the same extent as with a strategy focusing on renewable energies
only and almost twice as cost-intensive as the centralized CCGT strategy. The VSE (2011b, p. 31)
assumes the major potential of the CHP technology to be rather on the long-term horizon, as still
substantial political and technological improvements are necessary to allow for an economically
efficient operation of these plants. Promotional measures are therefore needed for this technology,
which, according to the association, are unlikely to be implemented in the mid-term. Erb, Gutzwiller
& Kaufmann (2012, p. 43) guesstimate the potential of CHP plants also in the range proclaimed by
the BfE, equaling around 6 to 10 TWhel in 2035. In contrast to assessments of other sources, this
potential is estimated to be limited though for mainly two reasons. First, expanding alternative
energy sources of (waste and ambient heat utilization) will reduce the overall heat demand and thus
the heat sale potential. Second, the installation of district heating would be only efficient in areas
with high heat density, e.g. in cities or agglomerations. Regions with a low or middle heat density will
be economically inefficient for CHPs operation in the short- and mid-term.
The major disadvantage of this technology are the CO2 emissions, which are obliging a CO2 levy by
the CO2-law. The combination of CHP plants and heat pumps, installed as substitutions for the
existing fossil-fueled heating, would allow to reduce the overall emissions. Operating these CHPs on a
renewable energies’ basis, e.g. biogas, would further reduce the overall CO2 emissions (VSE, 2011b,
p. 31). Therefore, to enhance the attractiveness of the this technology, exemptions for CHPs of the
levy should be examined (Erb, Gutzwiller & Kaufmann, 2012, p. 43). Another drawback of this
technology are the feed-in prices for the produced electricity, which are today too low for an
economic efficient production. As CHP plants are heat driven, they are especially operated during the
winter half year, thus in periods with simultaneously high electricity demand. With enhanced heat
storage management systems, heat (and thereby electricity) production could be forced in peak
hours (e.g. noon are or early evening). By this means, measures like the compensatory feed-in for
renewable energies would therefore be mandated (Erb, Gutzwiller & Kaufmann, 2012, p. 43).
In conclusion, the CHP technology reveals great, though limited potential to cover possible future
electricity shortfalls. A devoted CHP strategy by the Swiss government would be needed to exploit
this potential. Promotional measures on the one hand and abolition of existing prohibitive measures
on the other hand are thereby mandated. The high efficiency levels as well as the comparatively low
CO2 emissions, which could be further reduced by taking appropriate measures, are considered as
major advantages of this technology over the large-scale CCGTs electricity production. In contrast,
the high overall costs of such a strategy as well as the need for enhanced heat storage management
systems are both limiting the overall potential. Nonetheless, this energy source could contribute to
the necessary coverage requirements on a large scale. The actual extent thereby mainly depends on
the governmental strategy and corresponding measures.
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5.4 Preliminary summary and outlook
As illustrated, either approach, the centralized production by CCGTs as well as the decentralized
production by CHPs or any combination of those could serve as a possible future option in the
urgently needed energy strategy to cover the electricity supply gap. Their high efficiency levels and
significant market potentials determine both as ideal solutions to cope with probable future supply
shortfalls as their construction time is of short nature. The Swiss gas market would thereby be
capable to provide the extra volumes of natural gas as also the infrastructure already exists. Hence,
the question would narrow to economic and policy-related matters. Issues in terms of security of
supply have been proven to be negligible, even in the case of a vast expansion of gas-based
production. Yet, a bilateral agreement with the EU would be eligible. The (high) CO2 emissions, as the
major drawback of these approaches, would be counter-intuitive to the actual political climate
policy, even though a combination of the gas-fired strategy with heat pumps or methanation
processes would positively influence the overall emission balance. Nevertheless, the increasing
demand for natural gas would raise the importance of the Swiss market in the European context,
hence new actors will enter this market. These effects would mandate binding regulations in terms of
a gas supply act, similar to the existing Electricity Supply Act 734.7, as well as further liberalization
efforts in congruence with the EU.
To date, the Swiss government has no clear position on these energy sources as options for future
electricity production. Despite the official prioritization of decentralized CHP plants no precise
information on the extent of their potential for a future energy strategy is available. Quite the
contrary, the Federal Council will deliberate on a probable scope of large-scale CCGTs to be installed
in spring 2012 (Scruzzi, 2012a). According to different sources, the Swiss government plans the
construction of four to six of these plants with the first to be put into operation until 2020 and three
to four to commission till 2050 (Städler, 2012). Nonetheless, the BfE recently revised the hydropower
potential downwards, as already assessed in chapter 4.1 Hydropower, to a maximum possible
capacity increase of 3.2 TWh per hydrological year until 2050. The comprehensive study on the
potential will be published end-April, 2012 (Nowotny, 2012). As opposed, capital resources for
renewable energies and building refurbishment programs have been increased recently. Substantial
increases in electricity prices would be a result of the necessary expansion of the electricity grid.
Yearly grid costs (especially distribution grid) would thereby rise by 20 - 25 percent due to the
aspired growth in renewable energy sources (Nowotny, 2012).
In this context, the gas-fired solutions seem even more attractive as other alternatives either reveal
limited potential or are accompanied by major downturns. Yet, effective developments are hard to
predict as they mainly depend on the growth of the electricity demand and the success of the
implementation of the renewable energy strategy. As the latter discloses low potential up to 2020 or
modest potential up to 2035, the loss of production capacities due to the phase-out will be mainly
covered by gas, amounting to around 55 - 60 percent of the coverage requirements in a first period
up to 2025. During the critical winter months with focus on January, its share of the requirements
would even rise to over 90 percent. In a second phase up to 2045, the natural gas’ share in covering
the electricity shortfalls decreases to around one third on a yearly basis and to roughly 50 percent in
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the critical winter months respectively (VSG, 2011g, p. 6). On this basis, a possible mix of
Switzerland’s future energy strategy is presented:
While the main focus of a reviewed future energy strategy, and hence of the including electricity
strategy, will be laid on hydropower production and other renewable energies, the policy will
connect the Swiss electricity and natural gas market by CHP or CCGT electricity production. However,
hydropower will still account for the major part of supply though additional potential is very limited.
Therefore, as already postulated by the Swiss government, other renewable energy sources need to
be installed to their full possible extent in order to achieve the proclaimed turnaround in energy
policy. Due to the dependence on political decisions and implementations of new measures, the
future potential of this variable is hard to predict. As stated above though, the Federal Council is
willing to increase capital resources to further promote these alternative production sources. The
achievements of efficiency and hence of reductions in electricity consumption will be a core element
of the strategy as it is considered as the most future-oriented solution. Imports, used as a residual
supply source, will be necessary to balance the grid and cover peak loads especially during the critical
winter months. Even though they contribute to the diversification of the electricity production
portfolio, their share shall be kept as low as possible to encounter the adverse effects of dependence
on foreign supply. To cover the potential residual electricity supply shortfalls, natural gas will be used
in both, a centralized production manner in large-scale power plants and a decentralized strategy in
CHPs. As the CHPs need to be heat driven, the heat market as a third market enters the model. To
reach the legislative mandatory efficiency level, also CCGT will have to participate in this market. By
using CCS technology, the CO2 emissions could be sequestrated and stored. As a product of the
methanation process, CH4 will then be fed into the natural gas grid, hence also linking the electricity
and natural gas market. By doing so, the efficiency of the overall energy system can be increased and
the CO2 emissions adversely affecting the environment be reduced. As a side effect, these lowered
emissions lead to a more economic operation of the large-scale plants. The necessary H2 for the
methanation process is gained by electrolysis using excessive electricity provided by new renewable
energies. To further diminish the dependency on foreign natural gas supply, domestic production by
renewable energies will be promoted, e.g. biomass, waste incineration or wood. This strategy would
be able to account for the adverse effects of phasing-out nuclear power for electricity production.
The well-diversified supply portfolio would ensure security of supply and foster domestic production.
The model is summarized in figure 24.
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Figure 24: Possible future electricity strategy.

Neue Erneuerbare

Importe

Source: Own illustration, based on D. Bächtold, Head Public Relations and Media Spokesman of the VSG, EMail from February 3, 2012.

While this model would allow for the proclaimed turnaround in energy policy to realize, the actual
development over time is hard to predict. The politics will be confronted by substantial problems,
e.g. condition of the grid, negotiations with the EU or resistance in the population and the economy,
which have to be resolved and thus result in planning uncertainty for the economy and hence in a
waste of time. Therefore, a new thoroughly revised energy strategy is needed as soon as possible to
evaluate possible actions to be taken on the market side. The corresponding new measures would
also have to be evaluated by the market first, before being adjusted to provide a regulatory
framework to assist the overall strategy. Foremost, assessments of potential of the different energy
sources and markets need to be elaborated, validated and analyzed to build a sound basis for the
strategy.
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6 Conclusion
The recent nuclear disaster in Japan and the following announcement of the Federal Council to
successively phase-out nuclear power for electricity production has led to a revision of the actual
energy strategy of Switzerland. Alternative energy sources are therefore of major focus to avert
electricity shortfalls and to form a comprehensive energy strategy. This paper firstly presented an
overview and evaluation of the Swiss electricity market and its peculiarities. The examination of the
existing grid infrastructure as well as of the cross-border exchanges illustrated the important role of
Switzerland as an electricity hub for Central Europe which is not only conducive to the security of
supply but is also a lucrative business activity. For Switzerland to maintain this position a bilateral
electricity agreement is mandatory which might require a partial takeover of the dynamic EU
regulations. In addition, especially the cross-border capacities are required to be expanded.
Secondly, on the analysis of Switzerland’s decision to phase-out nuclear power and of the resulting
effects on electricity supply this thesis critically reviewed the controversial historical step. The main
points of criticism concerning this decision were the short time of the announcement after the
accident in Japan as well as the lack of a sound basis for decision, thereby endangering Switzerland’s
security of supply. Discussing possible solutions to cover the arising electricity supply gap, the Energy
Perspectives 2050 were presented. By means of describing different supply alternatives referring to
either a reference demand scenario or a target-oriented demand scenario with strengthened energy
policy exposed first impacts of the nuclear exit. The supply shortfalls are intricate, though likely to be
covered, with extra costs over a strategy continuing as before of 0.4 - 0.7 percent of the Swiss GDP
per year. By analyzing the Swiss climate targets und the associated CO2-law, binding constraints for
alternative energy sources as options were illustrated.
To encounter the immense problem of electricity supply shortfalls, possible options in policy and the
Swiss energy markets were described and critically evaluated. Hydropower constituting today the
main source of electricity production thereby showed only limited additional potential, if any.
Legislative alignments would be necessary for it to be exploited to the proclaimed extent. The new
renewable energies in contrast would bear great potential on the longer time horizon while for a
period up to 2020 only modest contributions to the supply mix are expected. Stochastic behavior in
production which would demand for a substantial expansion of the grid, the availability of
technologies and the still too high costs are main limiting factors of these sources. The reduction
potential in electricity consumption would be huge, totaling in around one third of the demand level
of the reference scenario until 2050. To counter today’s high growth rates, enhanced regulatory
measures will have to be implemented as soon as possible. The immediate availability of electricity
on the international spot markets gave imports a high profile. For reasons of dependency, higher
prices abroad, bottlenecks in the cross-border transmission line capacities and the Lisbon Treaty of
the EU, imports should be considered as a subordinated option. As illustrated, two approaches for
the option natural gas are distinguished. Large-scale centralized CCGT production revealed great
potential due to comparatively low investment costs and the feasibility of construction close to the
actual electricity demand development. Yet, smaller CHP plants for a decentralized production are
prioritized by the government for higher efficiency levels. CO2 emissions, public acceptance,
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dependency on foreign suppliers and fluctuating input costs are thereby substantial disadvantages of
both approaches.
Basing on natural gas as being an optimal transitional alternative to obviate electricity shortfalls the
Swiss gas market was investigated focusing on peculiarities of the pluralistic decentralized market
structure and of the procurement strategy. The lack of own natural gas resources, missing storages
and the Lisbon Treaty of the EU gave a clear picture of the high degree of dependence on foreign
supply. Yet, security of supply can be guaranteed by the well-diversified procurement strategy, longterm delivery contracts and participation in foreign underground gas storages. A bilateral agreement
with the EU on natural gas and a gas market reform are mandated as a consequence of quitting
nuclear power. By analyzing the two sub-approaches of natural gas, effects of quitting nuclear energy
on the Swiss gas market were assessed. The centralized strategy focusing on large-scale CCGT plants
revealed very high potential, impacting the gas market by almost doubling today’s demand where
locations close to the high-pressure gas network are required. The vast depreciation of investment
costs, low necessary expansion of the existing infrastructure, short construction time and the
operational design to also provide balancing energy are optimal prerequisites for a likely transitional
solution. Decentralized CHP strategy in turn focuses on high efficiency levels and on heat generation.
The necessity for areas of high heat density, the too low prices for feed-in and the CO2 levy are main
limiting factors. In combination with biogas or heat pumps, CO2 neutrality could be achieved. The
gathered information were finally implemented in a model on Switzerland’s future energy supply,
focusing only on the Swiss electricity and gas market.
Hence, one may conclude that the Swiss electricity market, supported by the gas market, is capable
to cover potential electricity shortfalls resulting from the decision to exit from nuclear power.
Enormous efforts in politics and the economy are mandated to develop and implement the urgently
needed energy strategy. Yet, it is important to note that the decision is not definitive but was taken
as given by assumption.
The topicality of this thesis and hence the limited availability of precise data give rise to numerous
areas for further analyzes. As more data on the future potential of the alternatives and the
accompanying costs for the infrastructure or for production would be available, the impact on the
absolute costs for the economy could be investigated. By examining the various correlations between
the natural gas market and the electricity market, a model could be developed to allow evaluating
the influences of fluctuating natural gas prices on the electricity prices in a liberalized market. From a
legal perspective, the new measures could be analyzed on their feasibility of achievement of
objectives. Finally, the effects of introducing the Trans-European Supergrid on the Swiss electricity
market with its central position would not only be of political but also of economical interest.
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Appendix
A.

Excursus: Judgment on the NPP Mühleberg

On March 7, 2012, the Federal Constitutional Court withdrew the open-ended operating approval for
the NPP in Mühleberg. While the UVEK extended this approval for a period up to 2022 in 2009,
certain security-related issues remained unresolved (Gall, 2012). Concerned residents therefore filed
a complaint, as these security-related questions do not justify an extended operation of the power
plant (Scruzzi, 2012b). Thereby, three aspects were pivotal for the court’s decision: First, according to
different expert reports, the tension rod anchored reactor containment is neither secure in the case
of an incident nor for normal operation, as a failure of these tension anchors could not be excluded.
Second, in the case of an earthquake with a statistical occurrence of every 10’000 years, the nearby
retaining dam could break and end in flood waves, which might endanger the security of the nuclear
power plant. Third, no additional cooling alternatives exist in the case the cooling system fed by the
Aare (nearby river) fails (Gall, 2012). For these reasons, the Federal Constitutional Court stated that
an “open-ended” approval is not justifiable and therefore limited the operation permission to June
28, 2013 (BKW, 2012).
Critiques claim that an immediate shutdown should be the rational consequence, as these securityrelated issues have been detected long before. Instead, this judgment implies the security of
operation of the power plant until June 2013 but not thereafter. Rocco Maglio, spokesperson of the
Federal Constitutional Court, explains (Gall, 2012): „Es ging beim Urteil um die Frage, ob das UVEK
dem AKW Mühleberg zu Recht eine unbefristete Betriebsbewilligung erteilt hat oder nicht. Die Frage
der sofortigen Ausserbetriebnahme war nicht Gegenstand des Verfahrens“ (translated: The judgment
dealt with the question of the correctness of the UVEK, to grant an open-ended operating approval
for the NPP Mühleberg. Questions regarding an immediate shutdown of this NPP were not part of
this judgment). As long as such important security-related questions remain unresolved, the approval
must be limited in duration by law. Thus, as Moritz Leuenberger, former member of the Federal
Council, states correctly (Gall, 2012), it “…ist nichts anderes als eine politische Befristung…”
(translated: it is nothing else than a political limitation).
On March 14, 2012, one week after the judgment of the Federal Constitutional Court, BKW FMB
Energie AG (hereafter referred to as BKW) (BKW, 2012) announced to address the complaint to the
Federal Court, as the last instance. The aim is to obtain legal certainty, which is necessary for
decisions on investments in the NPP Mühleberg. Nevertheless, the Federal Constitutional Court
mandates BKW to elaborate an overall maintenance concept. In fact, the electricity company
submitted first project alternatives of this concept to the ENSI already in August 2011. Amongst other
options, they will be summarized in an overall concept and again be submitted to the ENSI in
summer 2012. In parallel, BKW will also submit the concept to the UVEK, as the recent judgment of
the Federal Constitutional Court mandates the UVEK for the final decision on a renewal of the
operating approval (Handelszeitung, 2012).
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Today, the NPP in Mühleberg produces around 3 TWh of electricity per hydrological year, which
equals around 5 percent of Switzerland’s total electricity production (Brotschi & Thönen, 2012) or
around the demand for electricity of the Canton of Geneva or the city of Zurich (SF Tagesschau,
2012). According to Urs Gasche, Chairman of the Board of Directors of BKW, a loss of load due to the
shutdown of the NPP Mühleberg would physically and economically be acceptable and could be
covered by imports (Brotschi & Thönen, 2012). Michael Frank, Director of the VSE, shares this
opinion (SF Tagesschau, 2012): „Das heisst einfach mehr importieren, wenn inländische Produktion
wegfällt“ (translated: This simply means higher import ratios if domestic production decreases). As a
result, higher electricity prices for consumers in the coverage area of BKW would be the effect in the
mid- or long-term.
If the Federal Court follows the judgment of the Federal Constitutional Court, BKW would have to
dismantle the NPP in Mühleberg prior to the planned shutdown in 2022. This would have a great
impact also on the cost side. Up to 2011, BKW paid 600 million CHF in the Decommissioning Fund
and the Nuclear Waste Disposal Fund. Another 360 million CHF would be necessary until the planned
shutdown in 2022. If the NPP would have to go off-line by 2013, some 455 million CHF will be
required to be paid immediately, as the time value of money is omitted (SF Tagesschau, 2012). 73
Moreover, the balance sheet value of tangible assets of BKW, equaling around 400 million CHF per
December 31, 2011, would have to be written off. Furthermore, provisions for the post operation,
decommissioning and waste management would have to be increased by around 200 million CHF
(BKW, 2012). Especially political critiques generally suspect cost estimations for dismantling of
nuclear power plants as being too low. Foreign dismantling projects ended in cost explosions, as the
complexity of the work was underestimated. Therefore, an increase in the contributions to the
Decommissioning Fund and the Nuclear Waste Disposal Fund for all NPP operators is demanded, as
the critiques fear BKW would not be able to cover the costs for the dismantling itself (SF Tagesschau,
2012).
The judgment of the Federal Constitutional Court further led to a controversial discussion about the
NPPs in Beznau. According to the Energy Perspectives 2050 and the Federal Council, the two reactors
shall be operated until 2019 and 2022, respectively. But nuclear power opponents are now also
evaluating a complaint for these two reactors, to force a prior shutdown (Brotschi & Thönen, 2012).
With the NPPs Mühleberg and Beznau I and II to go off-line contingently in the very near future,
Switzerland’s overall electricity production would drop by around 15 percent within a short period of
time. The BfE therefore warns that the resulting increased import fraction would demand an
immediate expansion of the grid infrastructure, to ensure stability of the grid and security of supply
(SF Tagesschau, 2012).

73

The figures base on a first rough estimation. Exact calculations will follow the judgment of the Federal Court.
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Electricity consumption by consumer categories

Table 6: Final electricity consumption by consumer categories in Switzerland from 1984 to 2010.

Calender

Households

Primary sector

Industry sector

Service sector

Transportation

Total

year
Railroad

Public
lightning

Other

Total

In GWh

In %

In GWh

In %

In GWh

In %

In GWh

In %

In GWh

In GWh

In GWh

In GWh

In %

In GWh

1984

11'394

28,7

812

2,0

14'539

36,7

9'209

23,2

2'158

464

1'089

3'711

9,4

39'665

1985

11'960

28,9

866

2,1

15'644

37,9

9'365

22,7

2'193

439

854

3'486

8,4

41'321

1986

12'307

29,1

857

2,0

15'880

37,5

9'677

22,9

2'230

441

956

3'627

8,6

42'348

1987

12'688

29,1

884

2,0

16'039

36,8

10'265

23,5

2'328

447

940

3'715

8,5

43'591

1988

12'668

28,6

901

2,0

16'615

37,5

10'368

23,4

2'441

451

883

3'775

8,5

44'327

1989

12'875

28,3

907

2,0

17'049

37,5

10'801

23,7

2'478

451

941

3'870

8,5

45'502

1990

13'213

28,4

881

1,9

17'237

37,0

11'242

24,1

2'574

454

977

4'005

8,6

46'578

1991

13'848

29,1

926

1,9

17'255

36,3

11'570

24,3

2'524

469

994

3'987

8,4

47'586

1992

14'166

29,6

935

2,0

16'870

35,2

11'885

24,8

2'532

478

1'000

4'010

8,4

47'866

1993

14'172

30,0

929

2,0

16'201

34,3

12'011

25,4

2'457

487

982

3'926

8,3

47'239

1994

14'193

30,3

896

1,9

15'898

33,9

12'017

25,6

2'440

480

973

3'893

8,3

46'897

1995

14'680

30,7

912

1,9

16'093

33,6

12'280

25,6

2'433

490

994

3'917

8,2

47'882

1996

15'271

31,4

942

1,9

15'996

32,9

12'577

25,8

2'398

475

1'033

3'906

8,0

48'692
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Households

Primary sector

Industry sector

Service sector

Transportation

Total

year
Railroad

Public
Lightning

Other

Total

In GWh

In %

In GWh

In %

In GWh

In %

In GWh

In %

In GWh

In GWh

In GWh

In GWh

In %

In GWh

1997

14'859

30,6

954

1,9

16'229

33,4

12'674

26,1

2'410

476

1'010

3'896

8,0

48'612

1998

15'122

30,5

945

1,9

16'659

33,5

12'941

26,1

2'477

468

1'008

3'953

8,0

49'620

1999

15'558

30,4

953

1,9

17'023

33,2

13'609

26,6

2'548

482

1'040

4'070

7,9

51'213

2000

15'727

30,0

991

1,9

18'079

34,5

13'405

25,6

2'640

465

1'066

4'171

8,0

52'373

2001

16'080

29,9

1'019

1,9

18'351

34,1

14'002

26,1

2'698

487

1'112

4'297

8,0

53'749

2002

16'291

30,2

1'018

1,9

18'181

33,6

14'141

26,2

2'798

468

1'132

4'398

8,1

54'029

2003

16'679

30,3

1'016

1,8

18'291

33,2

14'499

26,3

2'984

474

1'179

4'637

8,4

55'122

2004

17'114

30,5

1'026

1,8

18'641

33,2

14'782

26,3

2'940

482

1'186

4'608

8,2

56'171

2005

17'624

30,7

1'027

1,8

18'898

33,0

15'101

26,3

2'983

477

1'220

4'680

8,2

57'330

2006

17'702

30,6

1'051

1,8

18'998

32,9

15'254

26,4

3'093

471

1'213

4'777

8,3

57'782

2007

17'472

30,4

1'004

1,7

18'995

33,1

15'219

26,5

3'076

453

1'213

4'742

8,3

57'432

2008

17'897

30,5

1'013

1,7

19'280

32,8

15'730

26,8

3'142

466

1'201

4'809

8,2

58'729

2009

17'920

31,2

1'002

1,7

18'209

31,7

15'663

27,2

3'064

456

1'180

4'700

8,2

57'494

2010

18'618

31,2

1'003

1,7

19'269

32,2

16'033

26,8

3'163

463

1'236

4'862

8,1

59'785

Source: Own illustration, based on BfE, 2011g, p. 25.
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Electricity supply alternatives under demand scenario continuing as
before

i.)

Centralized fossil fuels and renewable energies

Table 7: Electricity production under the alternative centralized fossil fuels and renewable energies per
hydrological and winter half year, in TWh.
Electricity production - hydrological year

2009

2020

2035

2050

Hydro-electric power plants

38.19

45.34

47.99

47.57

New hydro-electric power plants

0.00

6.91

9.89

10.08

Nuclear power plants

26.13

21.36

0.00

0.00

Fossil-fueled conventional thermal power plants

1.92

9.69

38.46

38.46

New combined cycle gas turbines (CCGT)

0.00

7.70

34.65

34.65

New fossil-fueled combined heat and power plants (CHP)

0.00

0.91

3.81

3.81

Renewable energies (coupled & uncoupled)

1.31

3.04

9.34

22.61

New renewable energies

0.00

2.63

9.33

22.61

Average gross production

67.55

79.43

95.79

108.64

Consumption by pumped-storage power plants

-2.56

-7.56

-7.56

-7.56

Average net production

64.99

71.87

88.23

101.08

Imports

17.24

9.83

2.61

0.00

Existing contracts

17.24

9.83

2.61

0.00

New imports

0.00

0.00

0.00

0.00

National consumption inclusive pumped-storage power plants

64.29

78.36

84.44

91.94

Electricity production - winter half year

2009

2020

2035

2050

Hydro-electric power plants

14.98

18.45

19.36

19.19

New hydro-electric power plants

0.00

2.65

3.69

3.76

Nuclear power plants

14.18

12.25

0.00

0.00

Fossil-fueled conventional thermal power plants

0.92

5.86

23.23

23.23

New combined cycle gas turbines (CCGT)

0.00

4.63

20.81

20.81

New fossil-fueled combined heat and power plants (CHP)

0.00

0.62

2.42

2.42

Renewable energies (coupled & uncoupled)

0.73

1.69

4.83

10.59

New renewable energies

0.00

1.46

4.83

10.59

Average gross production

30.81

38.25

47.42

53.01

Consumption by pumped-storage power plants

-1.02

-2.78

-2.78

-2.78

Average net production

29.79

35.47

44.65

50.24

Imports

9.12

5.29

1.43

0.00

Existing contracts

9.12

5.29

1.43

0.00

New imports

0.00

0.00

0.00

0.00

National consumption inclusive pumped-storage power plants

34.50

41.34

44.91

49.43

Source: Own illustration, based on BfE, 2011e, p. 36.
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Table 8: Electricity production by renewable energies under the alternative centralized fossil fuels and
renewable energies per hydrological and winter half year, in GWh.
Electricity production - hydrological year

2009

2020

2035

2050

Photovoltaic systems

17.60

534.78

2'929.47

10'397.00

Wind energy

12.40

583.60

1'492.08

4'000.00

Biomass (wood gas)

0.00

0.00

0.00

0.00

Geothermal energy

0.00

276.16

1'084.27

4'378.29

Biomass (wood)

34.23

470.75

1'105.00

1'105.00

Biogas

16.90

605.37

1'430.00

1'430.00

Sewage treatment plants

107.20

129.35

300.00

300.00

Waste incineration plants

728.93

438.44

997.80

997.80

Landfill gas

28.51

0.00

0.00

0.00

Average gross production

945.77

3'038.45

9'338.62

22'608.09

2009

2020

2035

2050

Photovoltaic systems

6.30

187.21

1'024.83

3'637.21

Wind energy

7.42

350.00

895.13

2'399.68

Biomass (wood gas)

0.00

0.00

0.00

0.00

Geothermal energy

0.00

138.08

542.14

2'189.14

Biomass (wood)

23.67

321.68

755.08

755.08

Biogas

10.06

373.31

881.83

881.83

Sewage treatment plants

63.25

77.58

180.00

180.00

Waste incineration plants

400.91

241.14

548.79

548.79

Landfill gas

15.68

0.00

0.00

0.00

Average gross production

527.29

1'689.00

4'827.80

10'591.73

Uncoupled

Coupled

Electricity production - winter half year
Uncoupled

Coupled

Source: Own illustration, based on BfE, 2011e, p. 37.
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Appendix

Decentralized fossil fuels and renewable energies

Table 9: Electricity production under the alternative decentralized fossil fuels and renewable energies per
hydrological and winter half year, in TWh.
Electricity production - hydrological year

2009

2020

2035

2050

Hydro-electric power plants

38.19

45.34

47.99

47.57

New hydro-electric power plants

0.00

6.91

9.89

10.08

Nuclear power plants

26.13

21.36

0.00

0.00

Fossil-fueled conventional thermal power plants

1.92

3.44

7.24

11.53

New combined cycle gas turbines (CCGT)

0.00

0.00

0.00

0.00

New fossil-fueled combined heat and power plants (CHP)

0.00

2.36

7.24

11.53

Renewable energies (coupled & uncoupled)

1.31

3.04

9.34

22.61

New renewable energies

0.00

2.63

9.33

22.61

Average gross production

67.55

73.18

64.56

81.71

Consumption by pumped-storage power plants

-2.56

-7.56

-7.56

-7.56

Average net production

64.99

65.62

57.00

74.15

Imports

17.24

13.53

25.74

17.17

Existing contracts

17.24

9.83

2.61

0.00

New imports

0.00

3.70

23.13

17.17

National consumption inclusive pumped-storage power plants

64.29

78.36

84.44

91.94

Electricity production - winter half year

2009

2020

2035

2050

Hydro-electric power plants

14.98

18.45

19.36

19.19

New hydro-electric power plants

0.00

2.65

3.69

3.76

Nuclear power plants

14.18

12.25

0.00

0.00

Fossil-fueled conventional thermal power plants

0.92

2.32

4.99

8.21

New combined cycle gas turbines (CCGT)

0.00

0.00

0.00

0.00

New fossil-fueled combined heat and power plants (CHP)

0.00

1.70

4.99

8.21

Renewable energies (coupled & uncoupled)

0.73

1.69

4.83

10.59

New renewable energies

0.00

1.46

4.83

10.59

Average gross production

30.81

34.71

29.18

37.99

Consumption by pumped-storage power plants

-1.02

-2.78

-2.78

-2.78

Average net production

29.79

31.94

26.40

35.21

Imports

9.12

7.75

16.85

11.44

Existing contracts

9.12

5.29

1.43

0.00

New imports

0.00

2.46

15.52

11.44

National consumption inclusive pumped-storage power plants

34.50

41.34

44.91

49.43

Source: Own illustration, based on BfE, 2011e, p. 40.
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Table 10: Electricity production by renewable energies under the alternative decentralized fossil fuels and
renewable energies per hydrological and winter half year, in GWh.
Electricity production - hydrological year

2009

2020

2035

2050

Photovoltaic systems

17.60

534.78

2'929.47

10'397.00

Wind energy

12.40

583.60

1'492.08

4'000.00

Biomass (wood gas)

0.00

0.00

0.00

0.00

Geothermal energy

0.00

276.16

1'084.27

4'378.29

Biomass (wood)

34.23

470.75

1'105.00

1'105.00

Biogas

16.90

605.37

1'430.00

1'430.00

Sewage treatment plants

107.20

129.35

300.00

300.00

Waste incineration plants

728.93

438.44

997.80

997.80

Landfill gas

28.51

0.00

0.00

0.00

Average gross production

945.77

3'038.45

9'338.62

22'608.09

2009

2020

2035

2050

Photovoltaic systems

6.30

187.21

1'024.83

3'637.21

Wind energy

7.42

350.00

895.13

2'399.68

Biomass (wood gas)

0.00

0.00

0.00

0.00

Geothermal energy

0.00

138.08

542.14

2'189.14

Biomass (wood)

23.67

321.68

755.08

755.08

Biogas

10.06

373.31

881.83

881.83

Sewage treatment plants

63.25

77.58

180.00

180.00

Waste incineration plants

400.91

241.14

548.79

548.79

Landfill gas

15.68

0.00

0.00

0.00

Average gross production

527.29

1'689.00

4'827.80

10'591.73

Uncoupled

Coupled

Electricity production - winter half year
Uncoupled

Coupled

Source: Own illustration, based on BfE, 2011e, p. 41.
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Renewable energies

Table 11: Electricity production under the alternative renewable energies per hydrological and winter half
year, in TWh.
Electricity production - hydrological year

2009

2020

2035

2050

Hydro-electric power plants

38.19

45.34

47.99

47.57

New hydro-electric power plants

0.00

6.91

9.89

10.08

Nuclear power plants

26.13

21.36

0.00

0.00

Fossil-fueled conventional thermal power plants

1.92

1.99

3.81

3.81

New combined cycle gas turbines (CCGT)

0.00

0.00

0.00

0.00

New fossil-fueled combined heat and power plants (CHP)

0.00

0.91

3.81

3.81

Renewable energies (coupled & uncoupled)

1.31

3.04

9.34

22.61

New renewable energies

0.00

2.63

9.33

22.61

Average gross production

67.55

71.73

61.14

73.99

Consumption by pumped-storage power plants

-2.56

-7.56

-7.56

-7.56

Average net production

64.99

64.17

53.58

66.43

Imports

17.24

15.16

29.60

25.85

Existing contracts

17.24

9.83

2.61

0.00

New imports

0.00

5.33

26.99

25.85

National consumption inclusive pumped-storage power plants

64.29

78.36

84.44

91.94

Electricity production - winter half year

2009

2020

2035

2050

Hydro-electric power plants

14.98

18.45

19.36

19.19

New hydro-electric power plants

0.00

2.65

3.69

3.76

Nuclear power plants

14.18

12.25

0.00

0.00

Fossil-fueled conventional thermal power plants

0.92

1.23

2.42

2.42

New combined cycle gas turbines (CCGT)

0.00

0.00

0.00

0.00

New fossil-fueled combined heat and power plants (CHP)

0.00

0.62

2.42

2.42

Renewable energies (coupled & uncoupled)

0.73

1.69

4.83

10.59

New renewable energies

0.00

1.46

4.83

10.59

Average gross production

30.81

33.62

22.61

32.20

Consumption by pumped-storage power plants

-1.02

-2.78

-2.78

-2.78

Average net production

29.79

30.85

23.83

29.42

Imports

9.12

8.84

19.42

17.23

Existing contracts

9.12

5.29

1.43

0.00

New imports

0.00

3.55

17.99

17.23

National consumption inclusive pumped-storage power plants

34.50

41.34

44.91

49.43

Source: Own illustration, based on BfE, 2011e, p. 44.
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Table 12: Electricity production by renewable energies under the alternative renewable energies per
hydrological and winter half year, in GWh.
Electricity production - hydrological year

2009

2020

2035

2050

Photovoltaic systems

17.60

534.78

2'929.47

10'397.00

Wind energy

12.40

583.60

1'492.08

4'000.00

Biomass (wood gas)

0.00

0.00

0.00

0.00

Geothermal energy

0.00

276.16

1'084.27

4'378.29

Biomass (wood)

34.23

470.75

1'105.00

1'105.00

Biogas

16.90

605.37

1'430.00

1'430.00

Sewage treatment plants

107.20

129.35

300.00

300.00

Waste incineration plants

728.93

438.44

997.80

997.80

Landfill gas

28.51

0.00

0.00

0.00

Average gross production

945.77

3'038.45

9'338.62

22'608.09

2009

2020

2035

2050

Photovoltaic systems

6.30

187.21

1'024.83

3'637.21

Wind energy

7.42

350.00

895.13

2'399.68

Biomass (wood gas)

0.00

0.00

0.00

0.00

Geothermal energy

0.00

138.08

542.14

2'189.14

Biomass (wood)

23.67

321.68

755.08

755.08

Biogas

10.06

373.31

881.83

881.83

Sewage treatment plants

63.25

77.58

180.00

180.00

Waste incineration plants

400.91

241.14

548.79

548.79

Landfill gas

15.68

0.00

0.00

0.00

Average gross production

527.29

1'689.00

4'827.80

10'591.73

Uncoupled

Coupled

Electricity production - winter half year
Uncoupled

Coupled

Source: Own illustration, based on BfE, 2011e, p. 45.
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Electricity supply alternatives under demand scenario new energy policy

i.)

Centralized fossil fuels and renewable energies

Table 13: Electricity production under the alternative centralized fossil fuels and renewable energies per
hydrological and winter half year, in TWh.
Electricity production - hydrological year

2009

2020

2035

2050

Hydro-electric power plants

38.19

45.34

47.99

47.57

New hydro-electric power plants

0.00

6.91

9.89

10.08

Nuclear power plants

26.13

21.36

0.00

0.00

Fossil-fueled conventional thermal power plants

1.92

5.84

23.06

19.21

New combined cycle gas turbines (CCGT)

0.00

3.85

19.25

15.40

New fossil-fueled combined heat and power plants (CHP)

0.00

0.91

3.81

3.81

Renewable energies (coupled & uncoupled)

1.31

3.04

9.34

22.61

New renewable energies

0.00

2.63

9.33

22.61

Average gross production

67.55

75.58

80.39

89.39

Consumption by pumped-storage power plants

-2.56

-7.56

-7.56

-7.56

Average net production

64.99

68.02

72.83

81.83

Imports

17.24

9.83

2.61

0.00

Existing contracts

17.24

9.83

2.61

0.00

New imports

0.00

0.00

0.00

0.00

National consumption inclusive pumped-storage power plants

64.29

73.63

70.18

67.50

Electricity production - winter half year

2009

2020

2035

2050

Hydro-electric power plants

14.98

18.45

19.36

19.19

New hydro-electric power plants

0.00

2.65

3.69

3.76

Nuclear power plants

14.18

12.25

0.00

0.00

Fossil-fueled conventional thermal power plants

0.92

3.54

13.98

11.64

New combined cycle gas turbines (CCGT)

0.00

2.31

11.56

9.25

New fossil-fueled combined heat and power plants (CHP)

0.00

0.62

2.42

2.42

Renewable energies (coupled & uncoupled)

0.73

1.69

4.83

10.59

New renewable energies

0.00

1.46

4.83

10.59

Average gross production

30.81

35.93

38.17

41.45

Consumption by pumped-storage power plants

-1.02

-2.78

-2.78

-2.78

Average net production

29.79

33.16

35.39

38.67

Imports

9.12

5.29

1.43

0.00

Existing contracts

9.12

5.29

1.43

0.00

New imports

0.00

0.00

0.00

0.00

National consumption inclusive pumped-storage power plants

34.50

38.77

37.10

35.92

Source: Own illustration, based on BfE, 2011e, p. 65.
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Table 14: Electricity production by renewable energies under the alternative centralized fossil fuels and
renewable energies per hydrological and winter half year, in GWh.
Electricity production - hydrological year

2009

2020

2035

2050

Photovoltaic systems

17.60

534.78

2'929.47

10'397.00

Wind energy

12.40

583.60

1'492.08

4'000.00

Biomass (wood gas)

0.00

0.00

0.00

0.00

Geothermal energy

0.00

276.16

1'084.27

4'378.29

Biomass (wood)

34.23

470.75

1'105.00

1'105.00

Biogas

16.90

605.37

1'430.00

1'430.00

Sewage treatment plants

107.20

129.35

300.00

300.00

Waste incineration plants

728.93

438.44

997.80

997.80

Landfill gas

28.51

0.00

0.00

0.00

Average gross production

945.77

3'038.45

9'338.62

22'608.09

2009

2020

2035

2050

6.30

187.21

1'024.83

3'637.21

Wind energy

7.42

350.00

895.13

2'399.68

Biomass (wood gas)

0.00

0.00

0.00

0.00

Geothermal energy

0.00

138.08

542.14

2'189.14

Biomass (wood)

23.67

321.68

755.08

755.08

Biogas

10.06

373.31

881.83

881.83

Sewage treatment plants

63.25

77.58

180.00

180.00

Waste incineration plants

400.91

241.14

548.79

548.79

Landfill gas

15.68

0.00

0.00

0.00

Average gross production

527.29

1'689.00

4'827.80

10'591.73

Uncoupled

Coupled

Electricity production - winter half year
Uncoupled
Photovoltaic systems

Coupled

Source: Own illustration, based on BfE, 2011e, p. 66.
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Decentralized fossil fuels and renewable energies

Table 15: Electricity production under the alternative decentralized fossil fuels and renewable energies per
hydrological and winter half year, in TWh.
Electricity production - hydrological year

2009

2020

2035

2050

Hydro-electric power plants

38.19

45.34

47.99

47.57

New hydro-electric power plants

0.00

6.91

9.89

10.08

Nuclear power plants

26.13

21.36

0.00

0.00

Fossil-fueled conventional thermal power plants

1.92

3.44

7.24

11.53

New combined cycle gas turbines (CCGT)

0.00

0.00

0.00

0.00

New fossil-fueled combined heat and power plants (CHP)

0.00

2.36

7.24

11.53

Renewable energies (coupled & uncoupled)

1.31

3.04

9.34

22.61

New renewable energies

0.00

2.63

9.33

22.61

Average gross production

67.55

73.18

64.56

81.71

Consumption by pumped-storage power plants

-2.56

-7.56

-7.56

-7.56

Average net production

64.99

65.62

57.00

74.15

Imports

17.24

9.83

14.02

0.00

Existing contracts

17.24

9.83

2.61

0.00

New imports

0.00

0.00

11.41

0.00

National consumption inclusive pumped-storage power plants

64.29

73.63

70.18

67.50

Electricity production - winter half year

2009

2020

2035

2050

Hydro-electric power plants

14.98

18.45

19.36

19.19

New hydro-electric power plants

0.00

2.65

3.69

3.76

Nuclear power plants

14.18

12.25

0.00

0.00

Fossil-fueled conventional thermal power plants

0.92

2.32

4.99

8.21

New combined cycle gas turbines (CCGT)

0.00

0.00

0.00

0.00

New fossil-fueled combined heat and power plants (CHP)

0.00

1.70

4.99

8.21

Renewable energies (coupled & uncoupled)

0.73

1.69

4.83

10.59

New renewable energies

0.00

1.46

4.83

10.59

Average gross production

30.81

34.71

29.18

37.99

Consumption by pumped-storage power plants

-1.02

-2.78

-2.78

-2.78

Average net production

29.79

31.94

26.40

35.21

Imports

9.12

5.29

9.04

0.00

Existing contracts

9.12

5.29

1.43

0.00

New imports

0.00

0.00

7.61

0.00

National consumption inclusive pumped-storage power plants

34.50

38.77

37.10

35.92

Source: Own illustration, based on BfE, 2011e, p. 69.
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Table 16: Electricity production by renewable energies under the alternative decentralized fossil fuels and
renewable energies per hydrological and winter half year, in GWh.
Electricity production - hydrological year

2009

2020

2035

2050

Photovoltaic systems

17.60

534.78

2'929.47

10'397.00

Wind energy

12.40

583.60

1'492.08

4'000.00

Biomass (wood gas)

0.00

0.00

0.00

0.00

Geothermal energy

0.00

276.16

1'084.27

4'378.29

Biomass (wood)

34.23

470.75

1'105.00

1'105.00

Biogas

16.90

605.37

1'430.00

1'430.00

Sewage treatment plants

107.20

129.35

300.00

300.00

Waste incineration plants

728.93

438.44

997.80

997.80

Landfill gas

28.51

0.00

0.00

0.00

Average gross production

945.77

3'038.45

9'338.62

22'608.09

2009

2020

2035

2050

Photovoltaic systems

6.30

187.21

1'024.83

3'637.21

Wind energy

7.42

350.00

895.13

2'399.68

Biomass (wood gas)

0.00

0.00

0.00

0.00

Geothermal energy

0.00

138.08

542.14

2'189.14

Biomass (wood)

23.67

321.68

755.08

755.08

Biogas

10.06

373.31

881.83

881.83

Sewage treatment plants

63.25

77.58

180.00

180.00

Waste incineration plants

400.91

241.14

548.79

548.79

Landfill gas

15.68

0.00

0.00

0.00

Average gross production

527.29

1'689.00

4'827.80

10'591.73

Uncoupled

Coupled

Electricity production - winter half year
Uncoupled

Coupled

Source: Own illustration, based on BfE, 2011e, p. 70.
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Renewable energies

Table 17: Electricity production under the alternative renewable energies per hydrological and winter half
year, in TWh.
Electricity production - hydrological year

2009

2020

2035

2050

Hydro-electric power plants

38.19

45.34

47.99

47.57

New hydro-electric power plants

0.00

6.91

9.89

10.08

Nuclear power plants

26.13

21.36

0.00

0.00

Fossil-fueled conventional thermal power plants

1.92

1.99

3.81

3.81

New combined cycle gas turbines (CCGT)

0.00

0.00

0.00

0.00

New fossil-fueled combined heat and power plants (CHP)

0.00

0.91

3.81

3.81

Renewable energies (coupled & uncoupled)

1.31

3.04

9.34

22.61

New renewable energies

0.00

2.63

9.33

22.61

Average gross production

67.55

71.73

61.14

73.99

Consumption by pumped-storage power plants

-2.56

-7.56

-7.56

-7.56

Average net production

64.99

64.17

53.58

66.43

Imports

17.24

11.30

17.87

5.58

Existing contracts

17.24

9.83

2.61

0.00

New imports

0.00

1.47

15.26

5.58

National consumption inclusive pumped-storage power plants

64.29

73.63

70.18

67.50

Electricity production - winter half year

2009

2020

2035

2050

Hydro-electric power plants

14.98

18.45

19.36

19.19

New hydro-electric power plants

0.00

2.65

3.69

3.76

Nuclear power plants

14.18

12.25

0.00

0.00

Fossil-fueled conventional thermal power plants

0.92

1.23

2.42

2.42

New combined cycle gas turbines (CCGT)

0.00

0.00

0.00

0.00

New fossil-fueled combined heat and power plants (CHP)

0.00

0.62

2.42

2.42

Renewable energies (coupled & uncoupled)

0.73

1.69

4.83

10.59

New renewable energies

0.00

1.46

4.83

10.59

Average gross production

30.81

33.62

26.61

32.20

Consumption by pumped-storage power plants

-1.02

-2.78

-2.78

-2.78

Average net production

29.79

30.85

23.83

29.42

Imports

9.12

6.27

11.61

3.72

Existing contracts

9.12

5.29

1.43

0.00

New imports

0.00

0.98

10.18

3.72

National consumption inclusive pumped-storage power plants

34.50

38.77

37.10

35.92

Source: Own illustration, based on BfE, 2011e, p. 73.
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Table 18: Electricity production by renewable energies under the alternative renewable energies per
hydrological and winter half year, in GWh.
Electricity production - hydrological year

2009

2020

2035

2050

Photovoltaic systems

17.60

534.78

2'929.47

10'397.00

Wind energy

12.40

583.60

1'492.08

4'000.00

Biomass (wood gas)

0.00

0.00

0.00

0.00

Geothermal energy

0.00

276.16

1'084.27

4'378.29

Biomass (wood)

34.23

470.75

1'105.00

1'105.00

Biogas

16.90

605.37

1'430.00

1'430.00

Sewage treatment plants

107.20

129.35

300.00

300.00

Waste incineration plants

728.93

438.44

997.80

997.80

Landfill gas

28.51

0.00

0.00

0.00

Average gross production

945.77

3'038.45

9'338.62

22'608.09

2009

2020

2035

2050

Photovoltaic systems

6.30

187.21

1'024.83

3'637.21

Wind energy

7.42

350.00

895.13

2'399.68

Biomass (wood gas)

0.00

0.00

0.00

0.00

Geothermal energy

0.00

138.08

542.14

2'189.14

Biomass (wood)

23.67

321.68

755.08

755.08

Biogas

10.06

373.31

881.83

881.83

Sewage treatment plants

63.25

77.58

180.00

180.00

Waste incineration plants

400.91

241.14

548.79

548.79

Landfill gas

15.68

0.00

0.00

0.00

Average gross production

527.29

1'689.00

4'827.80

10'591.73

Uncoupled

Coupled

Electricity production - winter half year
Uncoupled

Coupled

Source: Own illustration, based on BfE, 2011e, p. 74.
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Natural gas statistics for Switzerland

Table 19: Natural gas net imports and final consumption in GWh and natural gas consumption in percent of
the total final energy consumption, from 1910 - 2010.
Calendar

Gas net

Final gas

Gas in % of

Calendar

year

imports

consumption in

total final

year

in GWh

GWh

energy

Gas net

Final gas

Gas in % of

imports in

consumption in

total final

GWh

GWh

energy

consumption

consumption

1910

616.67

2.22

1961

1'136.11

1.31

1911

652.78

2.15

1962

1'169.44

1.17

1912

713.89

2.31

1963

1'222.22

1.08

1913

708.33

2.20

1964

1'188.89

1.02

1914

713.89

2.28

1965

1'211.11

0.97

1915

1'572.22

4.92

1966

1'208.33

0.97

1916

805.56

2.75

1967

1'242.50

0.95

1917

608.33

2.38

1968

1'305.56

0.93

1918

533.33

2.07

1969

1'652.78

1.09

1919

513.89

2.34

1970

402.78

1'838.89

1.13

1920

555.56

2.15

1971

1'033.33

2'111.11

1.24

1921

555.56

2.64

1972

1'311.11

2'277.78

1.31

1922

586.11

2.29

1973

1'775.00

2'652.78

1.42

1923

627.78

2.03

1974

3'738.89

3'763.89

2.18

1924

666.67

2.25

1975

6'013.89

5'241.67

3.08

1925

713.89

2.34

1976

6'286.11

5'675.00

3.28

1926

755.56

2.46

1977

7'177.78

6'700.00

3.79

1927

805.56

2.39

1978

7'875.00

6'236.11

3.34

1928

861.11

2.52

1979

8'833.33

7'063.89

3.87

1929

925.00

2.39

1980

9'897.22

8'436.11

4.36

1930

963.89

2.66

1981

10'636.11

9'269.44

4.85

1931

1'011.11

2.70

1982

11'158.33

9'952.78

5.32

1932

1'055.56

2.82

1983

12'241.67

11'088.89

5.76

1933

1'061.11

2.92

1984

13'583.33

12'613.89

6.28

1934

1'077.78

2.92

1985

14'105.56

13'238.89

6.49

1935

1'075.00

2.91

1986

14'655.56

13'605.56

6.54

1936

1'069.44

2.87

1987

15'602.78

14'675.00

6.97

1937

1'088.89

2.82

1988

16'047.22

14'944.44

7.06

1938

1'116.67

2.87

1989

17'686.11

16'338.89

7.69

1939

1'116.67

2.80

1990

18'938.89

17'619.44

7.94

1940

1'177.78

3.31

1991

21'272.22

19'905.56

8.57

1941

969.44

2.86

1992

22'363.89

20'991.67

9.00

1942

941.67

2.92

1993

23'466.67

22'088.89

9.76

1943

930.56

3.01

1994

23'158.33

21'697.22

9.78

1944

966.67

3.43

1995

25'536.11

23'886.11

10.46

1945

675.00

2.28

1996

27'636.11

25'619.44

10.96

1946

783.33

2.23

1997

26'683.33

24'563.89

10.65

1947

916.67

2.38

1998

27'466.67

25'377.78

10.72
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Calendar

Gas net

Final gas

Gas in % of

Calendar

year

imports

consumption in

total final

year

in GWh

GWh

energy

Gas net

Final gas

Gas in % of

imports in

consumption in

total final

GWh

GWh

consumption

energy
consumption

1948

1'013.89

2.47

1999

28'458.33

25'719.44

10.74

1949

1'038.89

2.56

2000

28'300.00

25'794.44

10.86

1950

1'047.22

2.25

2001

29'455.56

26'844.44

11.09

1951

1'075.00

2.16

2002

28'911.11

26'244.44

11.10

1952

1'091.67

2.10

2003

30'558.33

27'705.56

11.45

1953

1'102.78

2.21

2004

31'525.00

28'650.00

11.79

1954

1'125.00

2.00

2005

32'363.89

29'475.00

11.96

1955

1'119.44

1.83

2006

31'469.44

28'905.56

11.78

1956

1'163.89

1.68

2007

30'641.67

28'300.00

11.85

1957

1'147.22

1.68

2008

32'647.22

30'147.22

12.12

1958

1'138.89

1.60

2009

31'336.11

28'947.22

11.93

1959

1'127.78

1.53

2010

35'002.78

32'086.11

12.67

1960

1'144.44

1.40

Source: Own illustration, based on BfS, 2011d.
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Natural gas price development

Table 20: Real natural gas prices, in Rp./kWh, base 1990 and nominal natural gas prices, in Rp./kWh, for
producers and consumers.
Calendar year

Real gas price for

Nominal gas price

Real gas price for

Nominal gas price

producers

for producers

consumers

for consumers

1965

3.3

1.8

6.6

2.5

1970

3.1

1.9

6.8

3.0

1973

2.8

2.0

6.2

3.4

1975

3.2

2.6

6.5

4.2

1980

5.2

4.5

6.5

4.7

1985

6.7

6.6

6.3

5.6

1990

3.6

3.6

5.2

5.2

1995

3.8

3.8

4.7

5.5

1996

3.8

3.7

4.6

5.4

1997

3.9

3.8

4.6

5.5

1998

4.0

3.8

4.6

5.5

1999

3.8

3.6

4.5

5.3

2000

4.3

4.2

4.9

6.0

2001

5.5

5.4

5.8

7.1

2002

4.9

4.7

5.4

6.6

2003

4.9

4.7

5.3

6.5

2004

4.8

4.7

5.2

6.6

2005

5.4

5.3

5.7

7.2

2006

6.2

6.3

6.8

8.7

2007

6.6

6.8

7.1

9.1

2008

7.3

7.8

7.7

10.2

2009

7.1

7.3

7.3

9.6

2010

6.3

6.5

6.9

9.1

Source: Own illustration, based on BfS, 2011a, 45 ff.
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Switzerland’s natural gas network

Figure 25: Switzerland’s high-pressure gas pipeline network, as of 2011.

Source: Swisstopo, 2011.
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