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Former Nuclear Officials: New Reactors Not The Answer      2 
The former heads of nuclear power regulation in the U.S., 
Germany, and France, along with the former secretary to the 
UK’s government radiation protection committee, have issued 
a joint statement that in part says, “Nuclear is just not part of 
any feasible strategy that could counter climate change.” This 
article was also published on Jan. 25th 2022 on 
https://www.powermag.com/blog/former-nuclear-leaders-
say-no-to-new-reactors/  

 

Opinion: Nearly a year of Nuclear ping-pong gives little        3 
confidence in a safe outcome 
Almut Bonhage, energy expert at ‘Bond Beter Leefmilieu’, and 
Mathieu Soete, energy expert at Greenpeace Belgium wrote 
an opinion piece on the Belgian nuclear policy.  

 

Plans for expanding nuclear power plants lack                        5 
technological and economic foundations 
Alexander Wimmers, Fanny Böse, Claudia Kemfert, Björn 
Steigerwald, Christian von Hirschhausen, and Jens Weibezahn 
from the German Institute for Economic Research investigated 
the profitability and technological feasibility of reactor 
concepts worldwide amongst others. Published in the weekly 
DIW report on 
https://www.diw.de/documents/publikationen/73/diw_01.c.
868665.de/dwr-23-10-1.pdf  
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“The climate is running hot. Evolving 
knowledge of climate sensitivity and polar ice 
melt-rate makes clear that sea-level rise is 
ramping, along with destructive storm, storm 
surge, severe precipitation and flooding, not 
forgetting wildfire. With mounting concern 
and recognition  over the speed and pace of 
the low carbon energy transition that’s 
needed, nuclear has been reframed as a 
partial response to the threat of global 
heating. But at the heart of this are questions 
about whether nuclear could help with the 
climate crisis, whether nuclear is economically 
viable, what are the consequences of nuclear 
accidents, what to do with the waste, and 
whether there’s a place for nuclear within the 
swiftly expanding renewable energy evolution. 

“As key experts who have worked on the 
front-line of the nuclear issue, we’ve all 
involved at the highest governmental nuclear 
regulatory and radiation protection levels in 
the US, Germany, France and UK. In this 
context, we consider it our collective 
responsibility to comment on the main issue: 

Whether nuclear could play a significant role 
as a strategy against climate change. 

 

 

 

 

 

 

 

 

 

“The central message, repeated again and 
again, that a new generation of nuclear will be 
clean, safe, smart and cheap, is fiction. The 
reality is nuclear is neither clean, safe or 
smart; but a very complex technology with the 
potential to cause significant harm. Nuclear 
isn’t cheap, but extremely costly. Perhaps 
most importantly nuclear is just not part of 
any feasible strategy that could counter 
climate change. To make a relevant 
contribution to global power generation, up to 
more than ten thousand new reactors would 
be required, depending on reactor design.” 

The statement includes a list of items (below) 
the leaders see as making an argument 
against nuclear power. 

In short, nuclear as strategy against climate 
change is (next page): 

 

Former Nuclear Leaders: Say ‘No’ to New 
Reactors 
The former heads of nuclear power regulation in the U.S., Germany, and France, along with the 
former secretary to the UK’s government radiation protection committee, have issued a joint 
statement that in part says, “Nuclear is just not part of any feasible strategy that could counter 
climate change.” 

The four leaders issuing the joint statement include: 

• Dr. Greg Jaczko, former Chairman of the U.S. Nuclear Regulatory Commission, and founder 
of Maxean, an energy company. 

• Prof. Wolfgang Renneberg, a university professor and former Head of the Reactor Safety, 
Radiation Protection and Nuclear Waste, Federal Environment Ministry, Germany. 

• Dr. Bernard Laponche, a French engineer and author, and former Director General, French 
Agency for Energy Management, former Advisor to French Minister of Environment, Energy 
and Nuclear Safety. 

• Dr. Paul Dorfman, an associate fellow and researcher at the University of Sussex, and 
former Secretary UK Govt. Committee Examining Radiation Risk from Internal Emitters. 
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• Too costly in absolute terms to make a 
relevant contribution to global power 
production 

• More expensive than renewable 
energy in terms of energy production 
and CO2 mitigation, even taking into 
account costs of grid management 
tools like energy storage associated 
with renewables rollout. 

• Too costly and risky for financial 
market investment, and therefore 
dependent on very large public 
subsidies and loan guarantees. 

• Unsustainable due to the unresolved 
problem of very long-lived radioactive 
waste. 

• Financially unsustainable as no 
economic institution is prepared to 
insure against the full potential cost, 
environmental and human impacts of 
accidental radiation release – with the 
majority of those very significant costs 
being borne by the public. 

• Militarily hazardous since newly 
promoted reactor designs increase the 
risk of  nuclear weapons proliferation. 

• Inherently risky due to unavoidable 
cascading accidents from human 
error, internal faults, and external 
impacts; vulnerability to climate-
driven sea-level rise, storm, storm 
surge, inundation and flooding hazard, 
resulting in international economic 
impacts. 

• Subject to too many unresolved 
technical and safety problems 
associated with newer unproven 
concepts, including ‘Advanced’ and 
Small Modular Reactors (SMRs). 

• Too unwieldy and complex to create 
an efficient industrial regime for 
reactor construction and operation 
processes within the intended build-
time and scope needed for climate 
change mitigation. 

• Unlikely to make a relevant 
contribution to necessary climate 
change mitigation needed by the 
2030’s due to nuclear’s impracticably 
lengthy development and 
construction time-lines, and the 
overwhelming construction costs of 
the very great volume of reactors that 
would be needed to make a 
difference. 

—This commentary was also published on 
Jan. 25th 2022 in POWER.    

 

Opinion: Almost a 
year of Nuclear 
‘Ping-ponging” gives 
little trust to safe 
ending 
Authors: Almut Bonhage, energy expert at 
‘Bond Beter Leefmilieu’, and Mathieu Soete, 
energy expert at Greenpeace Belgium. 
 
Keep the youngest nuclear reactors open 
longer, or not? Or prolong the eldest? After a 
year of political improvisation, what should 
the population still believe? Citizens will be 
able to express their opinion: on March 20, 
the survey on the postponed nuclear phase-
out will start, even before a final agreement 
on this between ENGIE and the government. 
This is therefore the perfect opportunity to 
remind ourselves that nuclear energy does not 
offer a quick fix for security of supply in the 
coming years. 
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Plan A in plan B 
Let's go back to 2003. The law on nuclear 
phase-out aims for a nuclear energy-free 
Belgium by 2025, an objective that has been 
confirmed by all subsequent governments. 
Insufficient preparation, however, led to a 
capacity shortage around 2025, which was 
only addressed under the current minister of 
energy, Tinne van der Straeten, through a 
market mechanism for state aid (CRM) for, 
among other things, two new gas-fired power 
stations. That was plan A, applicable until the 
world changed radically a year ago. 
 
On march 18, 2022, three weeks after the 
start of the war in Ukraine, the federal 
government suddenly switched to plan B. Due 
to the nuclear problems in France and to save 
gas, the two youngest reactors, Doel 4 and 
Tihange 3, had to run more years. BBL and 
Greenpeace criticized this plan B and called 
for a national energy pact with a complete 
nuclear phase-out by 2025. 
 
Moreover, this political decision came far too 
late. Preparing for a longer operation takes 
about five years. The nuclear watchdog FANC 
considered an extension from 2025 to 2035 
possible, subject to ambitious planning and a 
quick start. However, the third major player in 
this story, operator ENGIE, only wants to start 
preparations after a binding agreement. For 
example, the date for a restart was pushed 
back to the end of 2026. 
 
No agreement 
To say that the negotiations between the 
federal government and ENGIE are not going 
smoothly is an understatement. No interim 
deadline has been met. Now, a year later, 
there is still no binding agreement and in the 
meantime there is also uncertainty whether 
Doel 4 and Tihange 3 would be ready in time 
for the winter of 2026-27. The biggest  
  

 
 
The Tihange Nuclear Power Plant. BBL and 
Greenpeace continue to advocate for a 
sustainable and fair energy policy in Belgium. 
An extension of the old nuclear reactors is 
clearly not part of this, it sounds. 
Image ID Wouter van Vooren  
 
obstacle is the cost of dismantling the reactors 
and disposing of the nuclear waste. ENGIE 
wants to see its responsibility capped, but the 
taxpayer threatens to pay for the additional 
costs. The deadline of 15 march to find an 
agreement on this was also not met. 
Everything would not be legally finalized until 
the end of June - the ultimate go/no-go 
moment for an extension. 
 
New ideas 
Meanwhile, there is high voltage in the 
Wetstraat. According to network operator 
Elia, unreliable French reactors could cause 
shortages in the winters between 2025 and 
2028. Since then, new ideas have been 
springing up like mushrooms: can the oldest 
reactors Doel 1 and 2 and Tihange 1 remain 
open a few winters longer? Not safe, 
according to the FANC. Doel 4 and Tihange 3? 
The chaos seemed complete when the FANC 
proposed this as the most feasible scenario 
last week to ensure supplies, after it was 
declared impossible last year. 
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In order to meet the increasingly pressing 
deadlines, some are willing to propose a 
reduction in safety levels. Even the FANC, 
which has safety as its core business, suggests 
in its latest memorandum to postpone 
planned investments in the safety of the latest 
reactors in order to get them up and running 
again sooner. Excuse me? Does the continuing 
threat surrounding the Ukrainian nuclear 
power plants not make it clear that we are 
insufficiently prepared for disaster scenarios? 
 
Security and transparency 
And now it gets really difficult. Because to 
extend the reactors, a consultation of the 
population up to 1,000 kilometres around the 
nuclear sites is required. This means that half 
of Europe can comment on the details of the 
extension. However, the FOD Energie 
announced last week that public consultation 
will start on march 20, 2023, until May 20. 
This is therefore before the final deal between 
government and operator (deadline 30 June). 
How on earth can you as a citizen give your 
opinion if the content, including security 
measures, is not yet known? 
The chaotic political debate, the sham 
consultation, the proposed postponement of 
security work... It all inspires little confidence 
in this new fiddling with the nuclear phase-
out. BBL and Greenpeace are already 
preparing to take a critical look at the 
consultation documents and procedure, and 
continue to advocate for a sustainable and fair 
energy policy in Belgium. An extension of the 
old nuclear reactors is clearly not part of this. 

 

 

 

Plans for expanding 
nuclear power plants 
lack technological 
and economic 
foundations 
By Alexander Wimmers, Fanny Böse, Claudia 
Kemfert, Björn Steigerwald, Christian von 
Hirschhausen, and Jens Weibezahn 

 On April 15, 2023, the final three nuclear 
power plants in Germany, Emsland in 
Niedersachsen, Isar-2 in Bavaria, and 
Neckwarestheim-2 in Baden-Württemberg, 
will be taken offline, thus ending the era of 
commercial nuclear power in Germany. Now, 
the focus will shift to decommissioning 
nuclear power plants and to the search for 
secure interim storage facilities and a final 
repository for highly radioactive waste. 
Germany and other countries have hoped to 
develop commercial nuclear power into a 
cost-effective and technologically innovative 
energy source since the 1950s, but this has 
never been realized. In fact, the original idea 
to develop a plutonium economy,1 i.e., to 
produce an almost unlimited amount of 
inexpensive fissile material through a closed 
fuel cycle, has failed. In contrast, electricity 
generation from nuclear power plants is by far 
the most expensive way and has remained so 
since the beginning of the nuclear age in the 
1950s. Nuclear power was and is not 
competitive compared to alternative energy 
generation technologies (previously coal, now 
renewable energy sources).2 Furthermore, the 
economic questions that arise with 
decommissioning the nuclear power plants 
are unresolved. Worldwide, not a single 
repository is in operation yet.3 Nevertheless, 
the development of so-called “new” types of 
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nuclear power reactors and the related 
construction of nuclear power plants are being 
intensively debated in some countries, in 
particular the nuclear-weapon states (USA, 
Russia, China, France, United Kingdom), but 
also in some countries that are only now 
planning to enter nuclear energy (Türkiye, 
Egypt, Bangladesh) or have recently done so 
(Belarus, United Arab Emirates). 

In Europe, the inclusion of nuclear energy in 
the EU taxonomy4 has created new 
opportunities for the subsidization of new 
construction projects even more than before. 
However, the classification of nuclear power 
as a sustainable technology within the 
taxonomy is highly controversial among 
experts. In Germany and other European 
countries, there are currently political and 
societal calls to build new nuclear power 
plants as a longer-term solution in support of 
the energy transition and to step up the 
required research efforts.5 However, the 
German energy industry has clearly rejected 
this perspective. Above all, it is unclear which 
technologies are even available for further 
developing nuclear energy and how they 
should become competitive in the foreseeable 
future. 

Nuclear share of electricity generation 
declining worldwide 
Worldwide, the expansion of nuclear power 
plants has largely stagnated following the 
construction boom of the 1970s and 80s. Since 
the 1990s, electricity generated by nuclear 
power plants has remained at around 
2,600 terawatt hours per year.6 Its share of 
total electricity generation, however, has been 
declining since its historic high of 17.6 percent 
in 1996. In 2021, the nuclear share was below 
ten percent for the first time in decades 
(Figure 1). In contrast, the share of renewable 
energy is continuously increasing. 

 

 

 

 

 

 

 

 

 

 

The nuclear share of electricity generation will 
continue to decline. Over the next few years, a 
large number of nuclear power plants will be 
taken offline due to their advanced age.7 
These extensive shutdowns are offset by only 
53 new construction projects (approximately 
50 GW) currently underway. However, apart 
from 21 active expansion projects in China, 
development is proving to be protracted. 
Twenty-six of the current new construction 
projects are currently experiencing delays in 
planning, approval, or completion—in some 
cases by a significant amount of over ten 
years. On the other hand, the expansion of 
renewable energy sources is increasing 
continuously and will continue to reduce the 
nuclear share in the electricity mix, partially 
due to the expansion of electrification in the 
future. 

New construction plans are uncertain in 
terms of technology and economically 
questionable 
In recent years, some countries have declared 
plans to build one or more new nuclear plants; 
in Europe, France and Great Britain in 
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particular have ambitious expansion targets 
for nuclear plants.8 Such discussions are also 
occurring in the Netherlands, Sweden, Poland, 
Hungary, Czechia, and even Germany. 
However, in most cases, it is unclear which 
reactor types would be used to realize these 
plans and how the reactors would be 
financed. This Weekly Report discusses this 
issue and looks at the three reactor types 
involved in the debate. 

Current generation of light-water reactors 
have major construction delays and are 
overpriced 
Currently, the only realistic option for building 
nuclear power plants is to use existing 
technology, namely Generation III light-water 
reactors (LWR), which range from 600 to 
1,600 megawatts (MW) of capacity. LWR 
reactors include the French European 
Pressurized Reactor (EPR; under construction 
in France and China); the American AP 1000 
(manufactured by Westinghouse), and the 
Russian VVER 1200 (manufactured by the 
Russian state-owned enterprise Rosatom). The 
expansion of LWR reactors, especially water-
cooled thermal reactors, reached its peak in 
the 1970s and 80s. In the following decades, 
however, expansion worldwide, especially in 
the USA and Europe, experienced a sharp 
decline due to high costs and constant 
construction delays, among other issues.9 
Current cost analyses and comparisons with 
renewable energy technologies, whose 
electricity production costs are less than 
100 USD per Megawatt hour, show that the 
currently massively high construction costs for 
nuclear power plants would need to be 
reduced by two-thirds to maintain a ten 
percent share of electricity production in a 
decarbonized European energy system.10 

Contrary to original expectations, the 
construction of nuclear power plants has not 
become more affordable over the decades, 
but rather has become continuously more  

 

 

 

 

 

 

 

 

 

 

expensive (per kilowatt of capacity). 
Moreover, it never became possible to 
leverage the standardization and mass 
production advantages achieved in other 
industries (such as for chip production and 
solar panels).11 

SMR concepts not fully developed and 
unavailable for the foreseeable future 
One alternative to the ongoing construction 
projects could be to return to the lower 
capacities of the 1950s and 60s and to 
develop these reactors further based on 
established LWRs. This idea was suggested by 
US Secretary of Energy, Steven Chu, in 2010, 
who advertised SMRs as “America’s new 
nuclear option.”12 Originally, SMR stood for 
“small and medium sized reactors,”13 but later 
changed to “small modular reactors.”14 In this 
context, SMRs can be understood to be 
reactors with a capacity of up to 300 MW. 

The term SMR has since found its way into 
energy and innovation policy debates.15 
However, the current hype around them is 
unfounded, as these are old reactor concepts  
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that have not become established due to 
economic disadvantages resulting from the 
lower output (Box). Furthermore, they remain 
dangerous in terms of radiation, as the 
problems of transport and interim storage of 
radioactive waste would be multiplied. 

The construction of low-capacity nuclear 
plants has been a possibility since the 1950s 
and the technology is thus no innovation. The 
first SMR developed in the USA was an S2W 
(Submarine Platform Second Generation 
Westinghouse Design) LWR for use in 
submarines. Following its installation in the 
first commercial nuclear power plant in 
Shippingport, Pennsylvania, in 1957, light-
water technology triumphed.16 However, 
these low-capacity reactors were merely used 
as a starting point to quickly move on to 
constructing larger-scale, higher-capacity 
plants. The search for economies of scale 
subsequently led to an increase in the average 
electrical capacity of nuclear power plants to 
500 MW as early as the 1970s; today it 
exceeds 1,000 MW (Figure 2).  

 

 

 

 

 

 

 

 

 

 

Despite decades of research, hardly any SMR 
nuclear power plant has been able to begin 
commercial operation. Rather, as with the 
nuclear power plants of higher power classes, 
the attempts are characterized by long 
development phases, short operating phases, 
and very long decommissioning phases 
(Figure 3). Many of the historical SMRs have 
not been finally disposed of as of 2023.  

In addition to the historical prototypes, there 
are currently only six other SMRs in operation 
worldwide, such as the floating KLT-40S power 
plant with an electrical capacity of 64 MW in 
Pevek, Siberia, which began operating in 2020 
after 13 years of construction.17 The LWR 
project CAREM (Central Argentina de 
Elementos Modulares) in Argentina has been 
in progress since the 1980s, but 
commissioning has become a distant prospect 
due to the construction stop. In addition, 
there is a series of projects in the 
development or approval phases.18 In the USA, 
for example, NuScale’s VOYGR LWR design has 
received a standard design license for reactor 
construction.19 However, there has been little 
demand and the costs have recently increased 
substantially. Other countries, too, such as 
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Great Britain and Canada, are participating in 
the development of SMRs and expect to 
realize a demonstration reactor in the 
future.20 

These projects are the first of their kind of the 
respective design. For such early prototypes or 
demonstration projects, reliable operation 
remains completely open, as well as the 
potential mass production of more reactors of 
the same design. However, these aspects are 
the prerequisite for the necessary cost 
degression. In particular, there is no prospect 
of overcompensating for the considerable 
diseconomies of scale via mass production. 
Optimistically, this would require the 
construction of several thousand identical 
nuclear power plants (Box). Yet mass 
production of reactors requires harmonization 
and standardization of designs and codes, 
which is unlikely to be feasible even in the 
medium term.21 

Even under the optimistic framework 
conditions, it cannot be assumed that the 
offer is cost competitive. A current study 
involving DIW Berlin shows that in a 
simulation with random samples (Monte Carlo 
simulation) of SMR concepts, the expected 
average levelized costs of electricity for 
watercooled concepts would be between 213 
and 581 USD/MWh on average (Figure 4).22 
Thus, if ever built, they would be significantly 
more expensive than electricity from 
renewable energy sources from today’s 
perspective. Furthermore, the problematic 
production of highly radioactive waste would 
continue. 

Fast breeder reactors and other non-LWR 
reactors neither available nor competitive for 
the foreseeable future 
Beyond SMRs, there is debate about whether 
other reactor types could become available  

 

 

 

 

 

 

 

 

 
 

cost effectively on an industrial scale in the 
next few decades; development of these 
reactors was largely halted in the 1970s due to 
technical problems and a lack of 
competitiveness. Such other reactor types 
include non-light-water reactors with various 
cooling concepts and neutron spectra, 
referred to as Gen IV reactors in the nuclear 
industry. However, these non-light-water 
reactors are based on technology that had 
already been developed as early as the 1940s 
and led to prototypes in the 1950s. Fast 
breeder reactors, high temperature reactors, 
and molten salt reactors all failed to prevail 
over the light-water reactor technology.23 

Since the early 2000s, new efforts have been 
underway to revive these reactor types. In 
addition, there are also efforts to realize 
concepts for better waste handling and 
increased fuel utilization as well as to reduce 
proliferation risks (the transfer of material 
that can be used in nuclear weapons).24 With 
the establishment of the GenIV International 
Forum in 2001, 14 member states, including 
the USA, China, Russia, the EURATOM states, 
and the United Kingdom, have joined forces 
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with the shared objective of further 
developing nonlight-water reactor concepts.25 
However, these efforts have had little 
technological or commercial success so far.26 

The time frames by which functional 
demonstrators of the envisioned size classes 
(typically well over 300 MW) could be 
available are regularly pushed back by the Gen 
IV International Forum, most recently into the 
2040s. 

Low investment dynamics and a lack of 
implementation prospects in the non-light-
water reactor developments can be illustrated 
by sodium-cooled reactors with a fast neutron 
spectrum, also known as “fast breeders.”27 
This technology is considered to be the most 
advanced, with a pilot project currently 
planned in the United States. Fast breeder 
reactors were developed in the 1950s, 
especially in Russia and the USA, but also in 
France, Germany, Japan, and, later, China.28 In 
the early days of reactor development, it was 
assumed that all reactor development would 
lead to the fast breeder reactor and the 
plutonium economy.29 

However, both technological and economic 
disillusionment began to spread in the many 
decades following the optimistic beginnings of 
the fast breeder reactor. Thus, its 
development has primarily been characterized 
by project cancellations. Initial demonstration 
projects in the USA were discontinued in the 
1970s due to economic, technical, and 
proliferation risks (Table 1).30 Moreover, 
technical problems such as coolant fires 
reoccurred because the coolant used, sodium, 
is highly reactive upon contact with water or 
air. There were also attempts to develop 
those reactor concepts, such as the fast  

breeder reactor in Kalkar near the Dutch 
border. However, it never began operation 
due to safety concerns and a lack of economic 

prospects.31 Fast reactor technology also 
failed to take root in France. Russia is the only 
country still operating two fast reactors, 
located at the Beloyarsk nuclear power station 
near Zarechny; however, they have never 
been in commercial operation. China operates 
a research reactor near Beijing (Fangshan) and 
is currently constructing an initial 
demonstration reactor in the Fujian 
province.32 Following the decommissioning of 
the fast neutron reactors, the US Department 
of Energy is again trying to build fast reactors 
in cooperation with the company 
TerraPower33 using considerable government 
funding.34 

The competitiveness of these reactors 
depends on three important parameters: the 
price of uranium, construction costs, and 
disposal costs. There is no foreseeable cost 
advantage for the fast reactors in any of these 
three parameters. A calculation of the break-
even price of uranium shows the price at 
which a hypothetical fast reactor with 
reprocessing would be as expensive to 
operate as an LWR without reprocessing. 
Rough calculations suggest that the uranium 
price would have to be many times higher 
than the price observed on the market.35 The 
construction costs for the planned pilot 
projects in the United States are not 
foreseeable, but are likely to be significantly 
higher than the costs of the light-water 
technology, which itself is far more expensive 
than other energy sources. There is also no 
foreseeable benefit from the pilot project in 
terms of disposal costs. 
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Model Calculation 

The return to constructing low-capacity 
reactors is tied to the hope of achieving cost 
benefits via modularization or mass 
production.1 In the literature, however, it is 
initially assumed that specific construction 
costs either decrease as the size of the plant 
increases (capacity) or increase as output 
capacity decreases (economies of scale).2 

A simplified model calculation from 
production theory shows that SMR concepts 
suffer from a strategic diseconomy of scale 
that could be eliminated only if production 
volumes were extremely high and 
unattainable from today’s perspective: The 
cost disadvantage of an SMR reactor 
compared to light-water reactors with higher 
capacity could theoretically be compensated 
for by learning or mass production effects. 
Increases in the production quantity of a 
standardized product would thus lead to 
decreasing specific construction costs either 
through mass effects of a serial production or 
through higher labor productivity (learning 
effects). 

The construction costs for a hypothetical mass 
produced reactor, i.e., the n-th reactor of a 
series (CSMR,n), depend on the costs for the 
first of these reactors, the learning rate x, and 
the number of times the production output is 
doubled d (formula, left part). The cost of the 
first low-capacity reactor (CSMR,1) can be 
represented by a comparison with a reactor of 
larger capacity (formula, right part). This 
stylized production cost calculation can be 
used to determine the number of SMR 
reactors that would compensate for the cost 
disadvantage created by economies of scale.3  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As an example calculation, two reactor 
designs (one low-capacity and one high-
capacity) of the American company 
Westinghouse are used: an SMR design of a 
light-water reactor with a capacity of 225 
MWe (SSMR) and the AP1000, a light-water 
reactor with circa 1100 MWe (SLR) of capacity. 
In the production calculation, this SMR design 
is expected to replace the specific 
construction cost of the AP1000 light-water 
design of 6000 USD/kW. Further, a learning 
rate of x = 0.06 (6 percent) and economies of 
scale of b = 0.55 are assumed. Under these 
circumstances, the specific construction costs 
of an SMR would not be lower than that of the 
AP1000 until approximately 3,000 reactors 
have been produced (i.e., d ≈ 11.55 doublings 
of production volume) (Table). 

The figure shows a sensitivity analysis of this 
relationship: With higher learning rates x, a 
faster reduction of specific construction costs 
occurs. However, these learning rates for low- 
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capacity nuclear power plants are likely to be 
far below the values achieved for other mass 
productions, for example microchips or solar 
cells. Furthermore, it must be taken into 
account that even the highcapacity light-water 
reactors could become somewhat cheaper 
through learning effects. And these costs are, 
as mentioned in the main text, even greater 
than those for renewable energy sources. 
Overall, therefore, the prospect of achieving 
cost advantages with SMR concepts is very 
small (Figure). 
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A change in energy system modeling has 
begun 
The low potential of the nuclear industry to 
develop competitive reactor designs is now 
reflected in the energy system modeling and 
integrated assessment model (IAM) 
community. These experts had previously 
calculated very high nuclear shares in climate 
action scenarios in some cases. For example, 
until recently, nuclear energy was considered 
a low-carbon technology in climate scenarios, 
independent of its apparent lack of 
competitiveness.36 On average, scenarios with 
an increasing nuclear share assume that by 
2050, the annual volume of electricity 
generated from nuclear energy worldwide will 
be about 5,600 TWh, more than double the 
current volume. In these scenarios, the 
sources (especially solar) as well as excessive 
system integration costs while ignoring the 
system costs of nuclear energy.  
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However, a few years ago, professionals 
began to rethink things, which has led to a 
weakening of the nuclear power modelling 
paradox37 and gives way to modelling and 
underlying assumptions that are more 
strongly oriented toward real economic 
technical developments. This is characterized 
in particular by current cost assumptions for 
renewable energy sources, especially for 
photovoltaics and energy system integration 
costs.38 A variety of models now identify 
renewable energy sources, rather than 
nuclear, as the driver of the future energy mix.  

Comparing the energy scenarios in the 2018 
and 2022 reports by the Intergovernmental 

Panel on Climate Change (IPCC) shows that 
the number of scenarios with an increase in  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nuclear energy (between 2020 and 2100) has 
decreased, while the number with a strong 
increase in renewable energy has grown 
(Figure 5). While the IPCC’s 2018 special 
report on the 1.5-degree target focused on 
increasing shares of nuclear energy (orange 
dots), its 2022 report shifted toward 
increasing shares of renewable energy and 
decreasing shares of nuclear energy (green 
dots). The modelers at the Potsdam Institute 
for Climate Impact Research (PIK) also point 
out that nuclear energy would have to be 
largely replaced by renewable energy sources 
in the coming decades when following a cost-
optimal decarbonization path.39 
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Conclusion: Expanding nuclear energy is 
neither technically nor economically feasible; 
focus should remain on disposal 
Over the past decades, the nuclear industry 
has failed to produce competitive reactors. 
The current dynamics on the energy markets 
are resulting in hundreds of old nuclear power 
plants being taken offline. In Germany, as well 
as in the rest of Europe and worldwide, there 
are enough cost-efficient renewable energy 

sources available for a climate-neutral and 
plutonium-neutral energy system. 

Hopes for radical innovations and the 
expansion of reactor concepts that have not 
been tested at an industrial level seem 
unfounded in light of the experiences of the 
past decades. The idea of constructing low-
capacity power plants was realized in the 
1950s. However, it was quickly abandoned as 
a result of structural cost disadvantages. This, 
too, is why no improvements can be expected 
in SMRs as of 2023. Although some countries 
are attempting to revive non-light-water 
reactors, which have not been utilized to date, 
an industrial breakthrough in the coming 
decades is unlikely. Therefore, efforts should 
not be focused on researching allegedly new 
reactor concepts, but rather should focus 
exclusively on the challenges of 
decommissioning and storing radioactive 
waste. The nuclear phase-out, i.e., the end of 
all nuclear activities, will not be successful 
until its legacy—in the form of radioactive 
waste—has been disposed of as safely as 
possible in deep geological repositories.  

The shift in energy system and integrated 
assessment modeling reflects the nuclear 
industry’s meager prospects for competitive 
reactors. Although experts long shared the 
dream of a plutonium economy, this 
consensus has given way to a more realistic 
assessment of technology and cost 
developments. Taking into account current 
trends and data, nuclear energy remains far 
inferior to renewable energy sources in terms 
of costs. 

The following implications can be derived 
from the analysis: In the context of research 
funding, policymakers should, in the future, 
focus on areas that can be expected to make 
substantial contributions to the energy 
transition, such as renewable energy sources, 
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storage, and other flexibility options. Nuclear 
energy is not one of these areas. Policymakers 
should resolutely oppose efforts to label 
energy produced by nuclear power plants, 
such as hydrogen, as “green” or “sustainable.” 
When designing the electricity sector in 
Germany and Europe, solutions aimed at 
subsidizing nuclear plants (as in France and 
Poland, for example) should be rejected. 
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