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Nuclear energy today
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Source: https://media.farsnews.ir/Uploaded/Files/Images/1400/12/16/14001216000113_Test_PhotoN.jpg
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Source: World Nuclear Industry Status Report, 2021, Mycle Schneider Consulting.

The best days of nuclear construction are over three decades ago



Share of Electricity

Source: Calculations using data from BP’s Statistical Review of World Energy 2021
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About 40 percent below historical maximum of 17.5 percent in 1996



5

IAEA Projections

IAEA (2010, 2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018, 2019, 2020, 2021) Energy, Electricity and 
Nuclear Power Estimates for the Period up to 2050. Vienna, International Atomic Energy Agency.
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Nuclear power is not economically competitive: 
reactors cost too much to build

Why this trend?



Other sources of electricity are cheaper… 
and becoming cheaper
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Source: data from Lazard, as plotted in World Nuclear Industry Status Report 2021 

Source: Lazard. “Levelized Cost of Energy v15,” October 2021 



Several reactors shutting down because of high 
operational costs and cheap alternatives
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http://news.nationalgeographic.com/news/energy/2015/01/150101-vermont-yankee-shutdown-us-nuclear-issues/

http://news.nationalgeographic.com/news/energy/2015/01/150101-vermont-yankee-shutdown-us-nuclear-issues/


Nuclear Renaissance
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Source: My calculations, based on IAEA PRIS data



Nuclear Renaissance - USA

What was expected

Around 30 reactors 
ordered

Nearly 15 GW of new 
capacity before 2021

What Materialized

Only 4 reactors began 
construction

2 reactors abandoned 
after $9 billion spent

What’s left?
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Will Small Modular 
(Nuclear) Reactors 

solve the problems of 
nuclear power?
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What are Small Modular Reactors? 
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Capacity

Small < 300 MWe

Medium 300 to 700 
MWe

Assembled from factory-
fabricated modules 

Each module represents 
a portion of finished plant 
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All properties will not be realizable 
in a single design



More cost
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Small also means…

More spent fuel/waste/
proliferation risk 
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“Learning” might make 
plants more expensive

Even if there was 
learning, too many “loss 
leaders” have to be built

Grubler, Arnulf. 2010. “The Costs of the French Nuclear Scale-up: A Case of Negative Learning 
by Doing.” Energy Policy 38 (9): 5174–88.

Glaser, Alexander, M.V. Ramana, Ali Ahmad, and Robert Socolow. 2015. “Small Modular Reactors: A Window on Nuclear 
Energy.” An Energy Technology Distillate. Princeton, N.J.: Andlinger Center for Energy and the Environment at Princeton 

University. http://acee.princeton.edu/distillates/distillates/small-modular-reactors/.



The Experience so far: 
More of the same
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Actual projects are delayed or 
performing poorly

Argentina: Carem-25 construction start 2014; November 2020 
report: “physical completion of Carem 25 is at 70%”; No 
completion date

China: HTR-PM construction start 2012; projected to generate 
electricity in 2017; recently became critical (four years late)

Russia: KLT-40S construction start 2007; projected to start 
operations in October 2010; commissioned in May 2020; 2020 
load factors for twin units just 29 and 16 percent according to 
IAEA PRIS database
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Source: https://zh-
prod-1cc738ca-7d3b-4a7
2-
b792-20bd8d8fa069.stor
age.googleapis.com/s3fs-
public/inline-images/
190626175935-arctic-
nuclear-2-exlarge-169.jpg



NuScale
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Source: 
Edward 
Baker, 
“NRC’s 
Advanced 
Reactor 
Program,” 
16 October 
2008, http://
web.mit.edu
/ans/www/
documents/
seminar/F08/
baker.pdf, 
accessed 19 
May 2015

Ramana, M. V. “Eyes Wide Shut: Problems with the Utah Associated Municipal Power 
Systems Proposal to Construct NuScale Small Modular Nuclear Reactors.” Portland, 
OR: Oregon Physicians for Social Responsibility, September 2020. https://
www.oregonpsr.org/small_modular_reactors_smrs.

$5.32 billion for 462 MWe => 
$11,515/kW = 80 percent more than 
Vogtle when construction started



Molten Salt Reactors
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Thorcon

Variant of molten salt reactor design

No experience with such a “reactor” anywhere
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Source: https://thorconpower.com/fuel/

Source: https://thorconpower.com/fuel/

Source: https://thorconpower.com/project/



MSRE Experience

Operated intermittently from 1965 to 1969

Interrupted 225 times (scrams and fuel 
draining through the so-called freeze valve)

Fluoride salt wastes have been difficult to 
manage ($10 million/year for 8 MW)
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Radioactive Waste

Multiple types of waste

High fissile content => implications for 
repository (concerns about criticality)

Chemical forms that are difficult to deal 
with: Uranium tetrafluoride unsuitable for 
geological disposal (DOE 1999)
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Source: Krall, Lindsay. “A Critical Analysis Of The Nuclear Waste Management Consequences For Small Modular Reactors.” Presented at the Center for 
International Security and Cooperation Seminar, Stanford University, Palo Alto, CA, June 4, 2020. https://cisac.fsi.stanford.edu/events/critical-analysis-nuclear-
waste-management-consequences-small-modular-reactors. Also see Krall, Lindsay, and Allison MacFarlane. “Burning Waste or Playing with Fire? Waste 
Management Considerations for Non-Traditional Reactors.” Bulletin of the Atomic Scientists, August 31, 2018. https://thebulletin.org/2018/08/burning-waste-or-
playing-with-fire-waste-management-considerations-for-non-traditional-reactors/.

https://cisac.fsi.stanford.edu/events/critical-analysis-nuclear-waste-management-consequences-small-modular-reactors
https://cisac.fsi.stanford.edu/events/critical-analysis-nuclear-waste-management-consequences-small-modular-reactors


What looks good on paper 
might not be so good in practice

Fort St. Vrain (1974-1988)
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Small Modular Reactors 
are Nuclear => they 

can undergo accidents
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Theoretical Concerns

Nuclear reactors are complex - lots of things that can go 
wrong

Contain large quantities of radioactive materials

Operate at high temperatures and/or pressures

Large energy releases possible

Events occur at a very rapid pace



Conventional methods used to estimate 
frequencies of serious accidents and compare 
safety levels are misleading

Redundancy can sometimes make things 
worse
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Overconfidence by nuclear authorities

Regulatory failures
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Bottom line: probability of accident at a 
nuclear power plant will remain uncertain - 
and certainly greater than zero 

=> No “safe nuclear power”
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Nuclear power produces radioactive wastes that remain 
hazardous for millennia
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Source: Feiveson, Harold, Zia Mian, M. V. Ramana, and Frank Von Hippel. 2011. “Managing Spent Fuel from Nuclear Power Reactors: 
Experience and Lessons from Around the World.” Princeton: International Panel on Fissile Materials.



Technical challenges 
coupled with social 
concerns => no operating 
nuclear waste repositories

No demonstrated solution

31



Should we expand 
nuclear power to solve 

climate change?
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Not Desirable
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Source: https://
antinuclearinfo.files.wordpress.com/
2017/11/joined-at-hip-weapons.gif?

w=300

Source: https://liber.post-gazette.com/image/
2017/06/15/hanford-nuclear-waste.jpg

Source: https://www.youtube.com/watch?
v=B3_ZRO5oATk

https://antinuclearinfo.files.wordpress.com/2017/11/joined-at-hip-weapons.gif?w=300
https://antinuclearinfo.files.wordpress.com/2017/11/joined-at-hip-weapons.gif?w=300
https://antinuclearinfo.files.wordpress.com/2017/11/joined-at-hip-weapons.gif?w=300
https://antinuclearinfo.files.wordpress.com/2017/11/joined-at-hip-weapons.gif?w=300
https://liber.post-gazette.com/image/2017/06/15/hanford-nuclear-waste.jpg
https://liber.post-gazette.com/image/2017/06/15/hanford-nuclear-waste.jpg
https://liber.post-gazette.com/image/2017/06/15/hanford-nuclear-waste.jpg
https://www.youtube.com/watch?v=B3_ZRO5oATk
https://www.youtube.com/watch?v=B3_ZRO5oATk


Infeasible
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Source: IPCC SR1.5 report, 2018

http://antinuclearinfo.files.wordpress.com/
2009/04/nuclear-costs.jpg

http://antinuclearinfo.files.wordpress.com/2009/04/nuclear-costs.jpg
http://antinuclearinfo.files.wordpress.com/2009/04/nuclear-costs.jpg

