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Exit economics: The relatively
low cost of Germany’s nuclear
phase-out

Felix Chr. Matthes

Abstract
The decision of the German government, post-Fukushima, to phase out the countryÕs nuclear power sector by
2022 builds on legislation in place since 2002. This earlier legislation was amended in 2010 to extend the
lifetime of the nuclear plants, but the German parliament reversed this extension in the summer of 2011,
slightly accelerating the original phase-out schedule; therefore, the market and the nuclear operators were
prepared for the shutdown schedule. In this context, it is not surprising that the observed price impacts from
the shutdown of 40 percent of the German nuclear power capacity in 2011 are smaller than some modeling
exercises had projected. When empirical observation is analyzed in light of a range of economic models, the
price effect of the nuclear phase-out can be expected to peak at 5 euros per megawatt-hour or less for a few
years around 2020, a reasonably small increase compared with the uncertainties created by other fundamental
determinants of EuropeÕs electricity prices. The macroeconomic effects attributable to the complete shut-
down of nuclear power also appear likely to be relatively small, peaking at perhaps 0.3 percent of gross
domestic product or less a few years before 2030. In the end, the management of the German transition to
an energy mix dominated by renewable energiesÑand not the use of the existing nuclear reactor fleet for a
decade more or lessÑwill be the key determinant of whether that shift has larger or smaller effects on elec-
tricity prices or on the German economy overall.
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T
he decision of the German govern-
ment and, by a huge majority, the
German parliament to restrict the

lifetime of nuclear reactors and to
phase out nuclear power generation in
Germany by the end of 2022 was a polit-
ical decision based on a fundamental
risk assessment. On the one hand, such
risk assessments must balance the size
of potential damage and the probability

of its occurrence under major uncertain-
ties for both parameters; on the other
hand, such assessments need to reflect
political realities. But the wide range of
cost estimates for severe nuclear acci-
dents or disastersÑfrom several hun-
dred billion to several trillion
euros1Ñmakes a comprehensive and
robust cost”benefit analysis extremely
difficult to complete, leading ultimately
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to decisions based on fundamental eth-
ical judgements.2

This does not, however, mean that
implicit and explicit economic consider-
ations have not played a significant role
in the German decision-making process.
The variety of political decisions on the
countryÕs existing nuclear fleet in the
last decade has generated not only
heated political debate, but also a
broad range of quantitative analyses on
cost issues. A comprehensive economic
assessment of the final results of the
phase-out does not yet exist, but the
existing information does support some
assertions on the economic dimensions
of the phase-out, in both the short term
and the longer term, and on the eco-
nomic effects of past nuclear policy.

Especially in terms of politics, differ-
ent cost issues have different signifi-
cance. Some of the analyses of the
German energy turnaround focus solely
on macroeconomic efficiency or on
impacts on gross domestic product, but
distributional aspects and selected indi-
catorsÑparticularly electricity pricesÑ
are usually more significant in political
terms and, therefore, often more mean-
ingful to assess.

Although there are many perspectives
on the economic dimension of phase-
out, experience has already shown that
the electricity price impact of shutting
down 40 percent of German nuclear cap-
acity was less significant than assumed
in some earlier modeling exercises. The
macroeconomic effects that could be
attributed to the complete shutdown of
nuclear power by 2022 also appear likely
to be small. In the end, it is not the use of
the nuclear reactor fleet for a decade
more or less, but the management of
the German transition to an energy mix
dominated by renewable energies that

will be the key determinant of whether
that transition has larger or smaller
effects on electricity prices or the coun-
tryÕs overall economy.

Economics in the nuclear past

At the turn of the century, nuclear power
represented 29.4 percent of the total
electricity supply in Germany. The pro-
duction level of approximately 170 tera-
watt-hours marks the countryÕs peak
level of nuclear power generation,
reached between 1997 and 2001. The
decline thereafter was a result of polit-
ical decisions, of the sort that have
shaped the industry since the introduc-
tion of nuclear power to Germany in
1961. Therefore, some aspects of past
nuclear policy must be considered in
order to properly understand the pol-
itics and the economics of the nationÕs
nuclear phase-out.

In the past 60 years, apart from major
public spending on research and devel-
opment and nuclear waste disposal, two
major policy interventions made com-
mercial nuclear power generation pos-
sible in Germany. First, the government
made the first generation of commercial
reactors attractive to electric utilities
through broad government guarantees
Ñincluding liability limitsÑthat
reduced the commercial risk of nuclear
power plants to a level equivalent to the
economic risk for investments in con-
ventional coal-fired power plants
(Mu¬ller, 1996). Also, the governmentÕs
strong support scheme for domestic
coal production in Germany obliged
power generators to use expensive
hard coal from domestic mines for elec-
tricity generation, rather than cheaper
hard coal from the international
market. As a result, power generated
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from hard coal cost more than it other-
wise would have, making investment in
nuclear power plants economically
more attractive. After-the-fact analysis
shows that without this coal-support
policy, investments in nuclear power
plants would have been unattractive in
Germany after 1984 (Bohn and
Marschall, 1992; Kim, 1991).

When Germany reunified in 1990, 19
commercial nuclear reactors were oper-
ational in the western part of the coun-
try, representing a total installed net
capacity of 20,800 megawatts.3 The
entire nuclear investment program in
GermanyÑwhich stretched from 1968
to 1989Ñtook place within the frame-
work of a highly monopolized power
market. Ever since 1935, the countryÕs
power system had been shaped by regio-
nal monopolies and investment regula-
tions that made investment decisions
subject to regulatory approval. Once an
investment had been approved, the elec-
tric utilities were allowed to include the
respective investment costs and a fixed
profit margin in electricity rates. An
extreme case of this regime was the
nuclear reactor of Mu¬lheim Ka¬rlich.
The 1,200-megawatt reactor produced
electricity for only one year, but the
investment was entirely recovered
from the ratepayers. This regulatory
scheme ended in 1998, with a liberaliza-
tion of the electricity market, driven
mainly by the European Union, that
resulted in competition among utilities
within Germany as well as across bor-
ders and led to a situation where costs
can be recovered only from sales to a
competitive market.

Among many, three economic factors
are of special importance for the nuclear
phase-out attempts in Germany: First, an
enormous amount of public spending

went into the nuclear sector, totaling
88 billion euros from 1950 to 2012 (at
2012 prices),4 a cost that was and is
clearly perceived in the public debates
over nuclear power. Second, the nuclear
investment campaign was completely
implemented within the framework of a
monopolistic market, which allowed
nuclear operators full recovery of
investment costs that increased signifi-
cantly over time; as a result, public and
political confidence in nuclear power as
a cheap source of power was low or non-
existent. Third, the nuclear fleet was, to
a significant extent, written off when
the electricity market was liberalized in
1998 and a coalition of Social Democrats
and GreensÑparties firmly opposed to
continued use of nuclear powerÑtook
office for the first time.

The phase-out scheme of 2000
and 2002

Phasing out nuclear power has been a
core issue in the politics of the Green
Party since its establishment in 1980
and has been part of the political pro-
gram of the Social Democrats in
Germany since 1986, when the
Chernobyl disaster occurred. As a logi-
cal consequence, nuclear phase-out was
one of the political priorities of the new
government in 1998.

The Social Democrat”Green coali-
tion treaty of 1998 required the govern-
ment to go for a phase-out strategy that
would not lead to compensation for the
owners and operators of the nuclear
fleet. In the tradition of German corpor-
atism, the government negotiated a con-
tract with the nuclear industry in 2000
that included, among other aspects, a
ban on any new licensing of nuclear
reactors and a flexible phase-out
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scheme for the existing reactors. This
model was based on an allowance for
32 years of operation for each reactor
and the option of transfers of these
entitlements among reactors.

The key motivation for this model
was the assumption that the legal risk
would be very low if the operators
were allowed to run the reactors for
the full depreciation period and even
accrue extra revenue from a few add-
itional years of operation. This approach
led to a phase-out trajectory that had
some early plant closures and significant
capacity shutdowns in the periods from
2011 to 2015, 2018 to 2020, and 2022 to 2024
(see Figure 1). The German government
and the nuclear operators signed a con-
tract in June 2000; it was translated into
legislation by the end of 2001 and
entered into force in January 2002. In
2003 and 2005, the first two reactors

were closed under the new phase-out
scheme. Although this phase-out was
clearly policy-driven, it should be
noted that economic interest in the
nuclear industry decreased significantly
after the liberalization of the electricity
market, which resulted in extremely low
wholesale market prices after the turn of
the century. From 2000 to 2003, power
traded at 20 to 25 euros per megawatt-
hour in the German wholesale market,
which made it difficult for nuclear
power plants to cover the cost of oper-
ation, as well as make the necessary pro-
visions for decommissioning, waste
management, and profit.

Another result of the electricity
market liberalization and the increasing
integration of the northwestern con-
tinental electricity market (which
includes Germany, France, Austria,
the Netherlands, Luxembourg, and

Figure 1. Nuclear phase-out trajectories for Germany according to 2000, 2010, and 2011 decisions

and legislation
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Belgium, with strong interconnector
capacity to Switzerland) was a new
kind of price formation. Electricity
prices no longer depended on the aver-
age cost of power generation (and,
therefore, the fuel mix used to generate
that power). Prices were now set accord-
ing to the short-term marginal costs of
the marginal generation unit, which was
a hard-coal or gas-fired unit in the con-
tinental regional market. As a result of
this new method of price formation and
increasing market integration, the
power prices in the northwestern con-
tinental market converged, settling in
France (with a 75 percent nuclear share
of its power generation) at the same
level as in Germany (with 30 percent
nuclear) or Austria (which is nuclear-
free).5

Only a few years after the phase-out
legislation entered into force, however,
the economics in the continental
European power market changed
fundamentally. Hard coal and gas
prices increased significantly; in 2005,
the European cap-and-trade scheme for
greenhouse gas emissions (the European
Union Emissions Trading Scheme) was
implemented and wholesale market
prices increased significantly. By 2008,
the wholesale market prices tripled to
levels of 70 euros per megawatt-hour
and maintained levels of 40 to 50 euros
in 2009 and 2010. In this economic
framework, the operation of nuclear
plants became highly profitable
(Matthes et al., 2011c) and the interest
in extending the lifetime of the German
nuclear plants grew significantly. This
economic interest became even stronger
when a series of reactors reached the
limits of their production entitlements
at the end of the first decade of this cen-
tury, and the legal restrictions did not

allow significant transfers of production
allowances to these units.

The German political situation had
allowed for no changes in the phase-
out legislation before 2009; the Social
Democrat”Green government that
initiated the phase-out was re-elected
in 2002, and in 2005, to create a govern-
ing majority, the conservative Christian
Democratic Union (CDU) and Christian
Social Union (CSU) had to go for a grand
coalition with the Social Democrats. But
political backing for the phase-out dis-
appeared when the coalition of CDU/
CSU and the liberal Free Democratic
Party won the elections in 2009. Both
parties were programmatic supporters
of nuclear energy and strict opponents
of the phase-out scheme of 2002.

The double U-turn of 2010
and 2011

The 2009 coalition treaty between the
conservatives and the liberals included
a clear agreement on the lifetime exten-
sion of the existing nuclear reactors in
Germany. After a long debate, the gov-
ernment presented a decision embedded
in a broad energy policy approach
(BMU, 2011):

. The lifetime of existing plants was
extended for eight or 14 years,
depending on the age of the reac-
tors, without changing the 2002
implementation approach that
allowed unused nuclear plant run-
ning times to be transferred to
other plants.

. The ban on licensing of new reac-
tors was not changed.

. To share the windfall profits from
the lifetime extensions, the govern-
ment and industry agreed to
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voluntary payments by nuclear
operators to an energy and climate
fund. As a result of the deal, the
nuclear operators were able to
gain extra profits from significantly
larger production entitlements, and
the government earned some extra
income, which was earmarked for
energy policy projects.

. The decisions on nuclear energy
were embedded in a set of short-,
medium-, and long-term targets
for greenhouse gas emission reduc-
tions (40 percent by 2020, 55 per-
cent by 2030, and 80 to 95 percent
by 2050, compared with 1990
levels), the expansion of renewable
energy production (increasing to
50 percent of the energy portfolio
in 2030 and 80 percent in 2050),
and greater energy efficiency (a 50
percent reduction of primary
energy consumption by 2050).

Although the 2010 energy policy deci-
sions were mainly motivated by
the attempt to extend the lifetime of
existing nuclear reactors, the comple-
mentary energy-policy decisions were
of real importance. First, even as it was
extending reactor lifetimes, the ruling
coalition stated clearly that nuclear
energy should only be a temporary
option, and new nuclear investments
would definitely not be allowed in the
longer term. Second, the decarboniza-
tion of the energy system by the middle
of the century was established as the
new overarching paradigm of energy
policy.

All in all, the nuclear plant lifetime
extension in 2010 represented a net
profit for the nuclear power generators
of 42 billion to 64 billion euros, after
taxes (Matthes, 2010), which created an

enormous debate on the distributional
aspects of the decision. The climate-
policy dimension of the lifetime exten-
sion did not play a central role in this
debate, given the fact that the emissions
were already capped for long periods by
the European Union Emissions Trading
Scheme, and the nuclear decision in
Germany would not impact the cap or
have an additional impact on overall
emission levels.

In the aftermath of the Fukushima dis-
aster of March 2011, however, the
German government issued an operat-
ing moratorium for the eight oldest reac-
tors and initiated a fundamental change
in nuclear policy. After debate, the
German parliament approved new
nuclear legislation with an overwhelm-
ing cross-party majority.6 The new legis-
lation essentially consisted of two parts:
First, the extension of electricity gener-
ation entitlements was reversed and the
original levels of the 2002 legislation
were reinstated. Second, the nuclear
production allowances were comple-
mented by fixed plant-closure dates for
each reactor. Effectively, this new legis-
lation accelerated the original phase-out
schedule by two to three years (see
Figure 1). Although this political deci-
sion was taken in a very short time
frame, the respective debate and the
impact assessments relied on the
very broad range of analysis that had
been carried out in 2010 and before.
More important, the nuclear operators,
the market, and the network operators
had had time to prepare for the gradual
shutdown of the rectors over the
course of a decade. This advance warn-
ing clearly had significant implications
for the economic impacts of the acceler-
ated shutdown schedule implemented
in 2011.
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Economic dimensions of the
nuclear phase-out, and
the longer perspective

The economic effects of nuclear phase-
out have been the subject of a wide range
of modeling-based analysisÑduring the
debates in 2010 and beforeÑand
observed data have also been studied
fairly extensively since March 2011. The
electricity-pricing impact of nuclear
plant lifetime extensions or restrictions
has obviously been a major focus of ana-
lysis and debate. The macroeconomic
impactsÑe.g., on gross domestic prod-
uctÑhave been discussed widely but in
a much less heated way.7 At any rate, in
the absence of the option of new nuclear
investments, all economic impacts of the
nuclear phase-out will be temporary.
In all the phase-out scenarios decided
upon in 2000, 2010, and 2011, the most
significant differences in terms of elec-
tricity prices and gross domestic prod-
uct impact would occur by 2030 and
disappear gradually after that.

The issue of compensation for the
owners of the nuclear plants was not a
serious issue in the debates of 2011. This
is a result of the design of the 2000
agreement between the German govern-
ment and the nuclear utilities, which was
carefully crafted to prevent any need for
compensation payments.8 Nevertheless,
three of the four nuclear operators
(RWE, E.ON, and Vattenfall) took
legal action to claim compensation pay-
ments after the 2011 phase-out decision
(Rossnagel and Hentschel, 2012).
Given the fact that this decision only
re-introduced and slightly accelerated a
legal status which had existed since
January 2002, the chances of effectively
obtaining any compensation must be
assessed as rather low.9

Nuclear plant owners will also, of
course, face the issue of decommission-
ing. According to German legislation,
however, the nuclear operators set
aside decommissioning funds that were
held on their balance sheets and allowed
to be invested, generating additional
returns. These decommissioning funds,
amounting to about 28 billion euros
(BReg, 2010), are probably sufficient for
the full decommissioning of all plants.

Impact on electricity prices is prob-
ably the most important factor of the
nuclear phase-out in terms of politics
and the public perception. The broad
range of modeling exercises carried out
in 2010 and 2011 in regard to the phase-
out and electricity prices can be sum-
marized in this way: The price impacts
peak at ranges of almost nothing to
approximately 10 euros per megawatt-
hour in the period from 2020 to 2030.
The higher bound of this range (Fu¬rsch
et al., 2012; r2b/EEFA, 2010; r2b, 2011;
Schlesinger et al., 2010, 2011) is equiva-
lent to a 15 percent price increase for
energy-intensive industries, a 4 percent
increase for the service sector, and a 2
percent increase for small customers
and households. Other modeling and
analysis (Kunz et al., 2011; Loreck et al.,
forthcoming; Matthes et al., 2011a, 2011b)
attribute power price increases of
5 euros per megawatt-hour or less to
the nuclear phase-outÑthatÕs to say,
just half of the price increases indicated
above.

A closer look at the modeling
approaches and assumptions brings fur-
ther insights:

. In most of the modeling exercises, a
large share of the price increase,
post-phase-out, is projected to
result from expected increases in
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the price of carbon-dioxide emis-
sion permits, which are difficult to
estimate. In light of the observed
market trends, the upper-range
projections of electricity price
increases after the phase-out
clearly include overstated projec-
tions of increases in the price of
carbon-dioxide permits.

. Cross-border interactions in the
integrated continental European
power market can be significant
but are extremely difficult to
assess. As a general trend, cross-
border effects curb the electricity
price impacts of changes in the
market.

. Assumptions on the distribution of
domestic and foreign investments
form a decisive parameter for
price equilibrium in the European
power market. If the nuclear
phase-out were to be comple-
mented by only a few investments
in conventional or renewable
energy capacity, the shutdown of
nuclear plants would lead to high
price impacts; if there is signifi-
cant investment, the price effects
will be rather low. If these invest-
ments take place outside of
Germany, this would increase elec-
tricity imports. Recent trends, how-
ever, show that Germany has
maintained its role as a net electri-
city exporter, and significant new
power plant capacities have been
commissioned within its borders.
These trends disprove economic
models that assume the phase-out
will cause the country to become
an electricity importer and to
make insufficient domestic invest-
ments in conventional and renew-
able capacities.

After the nuclear moratorium in
March 2011, operational nuclear capacity
decreasedÑas a result of the morator-
ium and long-time scheduled mainten-
ance workÑby 70 percent. For a few
days, nuclear capacity was at a level
that wonÕt be reached again until the
end of 2021, according to the final
phase-out arrangement. After this
period, the long-term capacity loss still
amounted to approximately 40 percent,
or 8,300 megawatts, of the installed
nuclear capacity of Germany. This spe-
cial situation offers a unique opportun-
ity to identify the wholesale market
impact of a major capacity shutdown.

Calculations based on data from the
European Energy Exchange show an
increase of power prices before the
nuclear moratorium, driven by rising
fuel and carbon-dioxide allowance
prices, and a significant price signal
immediately after the first series of
plant shutdowns. That signal, however,
disappeared very quickly in subsequent
weeks. After the summer of 2011, electri-
city futures prices were again predomin-
antly driven by pre-Fukushima patterns,
depending on fundamental fuel and
carbon-dioxide price trends; because
they are a component cost of overall
power prices, increasingly weak
carbon-dioxide emissions prices led to
significantly decreasing electricity
prices. A more detailed and methodo-
logically advanced analysis (Thoenes,
2011) underlines the finding: The price
signal from the nuclear shutdown in
March 2011 could not be detected after
the summer of 2011. The integrated con-
tinental European market obviously has
adapted to the new supply structure and
found a new equilibrium at price levels
that do not differ significantly from the
ones before the moratorium or are
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extremely low compared with the other
fundamental determinants of the power
market.

If these empirical observations are
compared with the modeling done
ahead of the phase-out, itÕs clear that
most of the modeled price effects, at
least from the first tranche of plant shut-
downs, exceed the observed impacts on
electricity price significantly. Given all
the uncertainties and interactions
involved in electricity pricing, and con-
sidering the full range of estimates of the
effects that GermanyÕs phase-out might
have, a price increase of 5 euros per
megawatt-hour for a few years is prob-
ably the maximum that can be attributed
exclusively to the gradual phase-out of
nuclear power. Furthermore, it should
be noted that the uncertainties and vola-
tilities for many relevant factorsÑthe
price of fuel and carbon-dioxide emis-
sions permits, domestic and inter-
national investment activities, the level
of economic activity, etc.Ñare probably
much more significant for the longer-
term price trends in the German and
continental European power market
than a restriction of the lifetime of
nuclear reactors as implemented by the
German phase-out legislation.

In terms of keeping electricity costs
low, the most significant challenge will
arise from the countryÕs long-term tran-
sition to renewable energies, a process
that was in fact the ultimate goal even
within the framework of the nuclear
power plant lifetime extension in 2010.
The effects of this transition cannot be
seen as associated exclusively with the
accelerated phase-out of nuclear power.
But a carefully designed, robust,
and flexible strategy of transition to
renewable energiesÑwith sufficient
lead-times and a strong emphasis on

straightforward implementation and
practical learningÑwill make this tran-
sition more effective and efficient in the
framework of an ambitious phase-out
policy, particularly for a technology-
based country like Germany.

Most estimates of the macroeconomic
impacts of GermanyÕs accelerated
nuclear phase-out have been made in
models that reflect not only the nuclear
energy sector, but also GermanyÕs entire
decarbonization approach, which
includes all its energy sources. This inte-
grated transition toward an energy-
efficient and renewable energy-based
economy makes it extremely difficult
to isolate the macroeconomic conse-
quences of the nuclear phase-out strat-
egy. The existing analysis on the very
ambitious decarbonization strategies of
Germany and the European Union does,
however, indicate that their macroeco-
nomic impacts will amount to signifi-
cantly less than one percentage point
below or above the business-as-usual
case during the course of the next four
decades (European Commission, 2011a,
2011b; Kirchner et al., 2009; Schlesinger
at al., 2010, 2011). The impact of nuclear
phase-out decisions peaks at 0.3 percent
of total gross domestic product in the
decade between 2020 and 2030
(Schlesinger et al., 2010, 2011). Even this
relatively small decrease of GDP
growth, however, is mainly premised
on a highÑand probably greatly
overstatedÑelectricity price impact of
the nuclear phase-out.

These aforementioned analyses
assumed that the only concerns were
the timing of a nuclear phase-out and a
policy that relies mainly on renewable
energies to reach decarbonization goals
by mid-century. This approach reflects
the existing political debate but leaves
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out the possibility of use of nuclear power
in the system, which would require major
new investments in nuclear plants in
coming decades.

Research conducted by the European
Commission for the European Energy
Roadmap 2050 (European Commission,
2011b; Matthes, 2012) shows a decision
for or against an energy mix that includes
or excludes new investments in nuclear
power plants probably would not lead to
major differences in terms of the cost
impacts of a decarbonization program.
Against this background, the strategic
choices on the future shape of the electri-
city system should primarily rely on
other issuesÑfor example, the assess-
ment of risk options and security of
supply considerations. The transition to
a decarbonized energy system without
nuclear power needs well-designed stra-
tegies and policies. In the context of an
energy system that will, in any case, need
major investments, this transition could
be achieved at comparatively low cost.

The surprisingly small cost of
nuclear exit

Within the last decade, German nuclear
policy has significantly changed course
three times. The final decision in 2011 to
pursue an accelerated shutdown of the
German nuclear power industry actually
marks the return to a phase-out schedule
initially put into place in 2002, for which
the nuclear operators and the market
had prepared over the course of a
decade.

As a result of this lead time, the elec-
tricity price impacts of the 2011 shut-
down of the first 40 percent of nuclear
capacity in Germany was much less sig-
nificant than assumed in some of the
broad range of modeling exercises that

fueled nuclear debates in 2010 and 2011.
If the empirical observations are con-
sidered with a range of model assess-
ments, it seems likely the price effect of
the nuclear phase-out will peak at
5 euros per megawatt-hour or less for a
few years around 2020. Compared with
the uncertainties and volatilities related
to other fundamental determinants
of the electricity price in continental
Europe, this is a reasonably small
effect. The same situation holds for the
macroeconomic effects of the phase-out,
which could peak at 0.3 percent of gross
domestic product or much less a few
years before 2030. Again, this increase
is within the range of the usual uncer-
tainties and relatively small.

The small economic effects of the
German nuclear phase-out become
even more obvious, if the ultimate goal
of decarbonization of the energy system
is factored into the equation. The man-
agement of this overarching transition to
renewable energies by the middle of the
centuryÑand not the use of the existing
nuclear reactor fleet for a decade, more
or lessÑwill be the key determinant
of the electricity price changes or
macroeconomic impacts. Recent
European research underlines the
point: Maintaining the nuclear energy
pathway could not provide significant
economic benefits. The accelerated and
short-term nuclear phase-out, however,
has the potential to provide an appro-
priate framework for a straightfor-
ward transition of the electricity
system toward renewable energies, par-
ticularly because Germany has the
technological base to support that tran-
sition. Furthermore, a strong push on
sustainable technologies and innovative
energy infrastructure systems has the
potential to strengthen GermanyÕs
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position as a major technology-export-
ing country and create the macroeco-
nomic benefits that derive from such
front-runner status.
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Notes

1. See CBO, 2008, and Ewers and Rennings,
1992, for the broad range of cost estimates
on severe nuclear accidents.

2. Not coincidentally, the German government
set up an Ethics Commission in the after-
math of the Fukushima disaster to frame
the accelerated phase-out legislation in 2011
(Ethics Commission, 2011).

3. A special challenge emerged during the
German re-unification due to the East
German nuclear fleet, which consisted
entirely of reactors of outdated Soviet
design. In 1990, five nuclear reactors were
operating in East Germany, and six others
were under construction or in testing oper-
ations. All the East German reactors were
shut down in 1990 due to concerns about
accidents, and all new reactor projects in
the East were canceled (Matthes, 2000).
The East German experience raised aware-
ness about the significant costs of decom-
missioning reactors and other parts of the
nuclear chain. Although a generic issue
with nuclear power, the East German
case made it extremely transparent; the
decommissioning costs were transferred to
the public budget. By 2012, in fact, 11.9 billion
euros of German taxpayersÕ money (at 2012

prices) was spent on decommissioning the
East German reactors (3.3 billion euros), dis-
posal sites (700 million euros), and cleaning
up uranium mines (7.1 billion euros) in the
southern part of the former East Germany
(Ku¬chler et al., 2012).

4. These data were calculated from
Matthes, 2000, and Ku¬chler et al., 2012.
Only the non-controversial data (in the
narrow definition of public spending) from
the latter publication were considered for
this calculation.

5. Austria has no nuclear power plants; how-
ever, Vienna University of TechnologyÕs
Atominstitut operates the countryÕs only
nuclear research reactor.

6. The revised phase-out legislation in 2011
was approved by 513 yes votes versus 79 no
votes and eight abstentions. The compari-
son with the vote on lifetime extension of
the German nuclear plants (309 yes, 280
no, and two abstentions) and the first
phase-out legislation in 2001 (345 yes, 324
no, and zero abstentions) underlines the
exceptional consensus on this piece of
legislation.

7. This is hardly surprising; the macroeco-
nomic impacts of the nuclear phase-out
are mainly predetermined by electricity
price impacts and are, therefore, subject
to the debate about those impacts in a
world of increasingly high and volatile fuel
prices.

8. Even the newly introduced nuclear fuel tax
was not seen as a robust foundation for any
compensation payments, because it was
viewed mainly as a compensation for wind-
fall profits that nuclear operators reaped
after the introduction of the European
Union Emissions Trading Scheme in 2005,
which increased wholesale market prices, a
result that was neither reflected nor foresee-
able in negotiations of the phase-out agree-
ment in 2000.

9. Additional legal action against the nuclear
fuel tax failed before the Federal Tax Court
in March 2012. As a result, there is a com-
paratively high probability that compensa-
tion payments for the nuclear operators
based on the readjustment of the nuclear
policy in 2011 will not occur.
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