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Reactor Startups and Closures in the World
in Units, from 1954 to 1 July 2021
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Source: World Nuclear Industry Status Report, 2021, Mycle Schneider Consulting.
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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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* Reflects total decrease in mean LCOE since Lazard's LCOE VERSION 3.0 in 2009.

Source: data from Lazard, as plotted in World Nuclear Industry Status Report 2021

Source: Lazard. “Levelized Cost of Energy v15,” October 2021
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Another Reactor Closes, Punctuating whnhn
NeW Reality for U.S. Nuclear POWer world nuclear news

Energy & Environment New Nuclear ‘ Regulation & Safety ‘ Nuclear Policles | Corporate ‘ Uranium 8

As Vermont Yankee shuts down, the U.S. has yet to address industry issues that span decades. Sweden's Oskarshamn 1 and 2 reactor units to close

Oskarshamn nuclear power plant in Sweden will be shut down
permanently. Unit 3 is unaffected by the decision, which was
announced today by OKG AB, of which the EOn group is the major
shareholder.

-

By Christina Nunez, National Geographic German utility Eon has decided that units 1 and 2 of the

LET’S BROADEN
THE WORLD’S
ENERGY MIX.
LET’'S GO.

I3 Find out how we're helping fo
broaden the world's energy mix

The three-unit Oskarshamn plant (Image: OKG)



http://news.nationalgeographic.com/news/energy/2015/01/150101-vermont-yankee-shutdown-us-nuclear-issues/
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Reactors Under Construction
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Southern Company’s Troubled

Vogtle Nuclear Project

Units 3 and 4 Now Expected to Cost More
Than S30 Billion and Are at Least Six Years
Behind Schedule
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I'D GIVE YOU
AN ATTABOY
CERTIFICATE
BUT MY PRINTER
IS OUT OF PAPER.

I BUILT A WORKING
MODEL TO TEST MY
NUCLEAR POUWIJER
PLANT DESIGN.
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scottadams @ aol com

;L'l;-,;lcq L 2002 United Feature Syndicate. Inc.

£
o
(8]
T
E
o
2
2
S

11



INBIE D2 —)LEFIREE?

i1
gl

< 300 MWe

300 ~ 700 MWe

T E’:_}té?haf’:E oa—)L

s
D
>
@,
S
a
o
®
m
o2
kS
£
@ I : L\ e | -~
\ ]
{’)(/ S ,\Q‘) (4 < Q'\ \V\ Q’}iv& *QQ’
» & NS ¥ LS & Q S
3 N &

REFMD—EBZEERT D

12



de-'St“’CODSMR

Z2LDAT 4T TiF

sNnd

NES

A F) 73 75

NATIONAIZPOST
it

2018%F:

— KTy TD=HDE

PN

20204

(il

= FRERAF AN TEIETE & R R

2020%

I'I'I

~JL)

2021<x

,~¢_A~]:ZE1'\

TR A%

2021%

2 FR BT

F108 T LA MY T7IL - TFH—%EIC
EFBUFH 520005745 FIL (16005 %K

F38 EILT v O RITEBEFT 5
50008 A0 7F+4% FJIL (4000Bk KIL) DES

E12R A2 ) A MEAHGE

Iﬂ’GBWI1R3X-BOO’E737">"°l:4

[ &1L

EGT D EHER



SMRIFIRFIID[ER
fRIRT DDM?

BULLETIN OF THE ATOMIC SCIENTISTS
2021, VOL. 77, NO. 4, 207-214 é
https://doi.org/10.1080/00963402.2021.1941600

Routledge

Taylor & Francis Group
OTHER FEATURES | W) Check for updates

Can small modular reactors help mitigate climate change?
Arjun Makhijani and M. V. Ramana

y | S Sy | s S St

Received February 28, 2021, accepted March 5, 2021, date of publication March 9, 2021, date of current version March 22, 2021,

Dugrtal Otylect Adentifior 30 TI0WACCESS 2021, 3064948

INVITED PAPER

Small Modular and Advanced Nuclear
Reactors: A Reality Check

M. V. RAMANA

Liu Institwte for Global Issues, School of Poblic Policy and Global Affairs, The Upiversity of British Columbia, Vascouver, BC V6T 172, Canasda
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One size doesn'’t fit all: Social priorities and technical \!)ch
conflicts for small modular reactors

M.V. Ramana*, Zia Mian

Nuclear Futures Laboratory and Program on Science and Global Security, Princeton University, United States
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US and France average reactor contruction costs by year with interest

8 US single reactor s USaverage ~——H-W-index 1973+1000 * France-best-guess avg
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Grubler, Arnulf. 2010. “The Costs of the French Nuclear Scale-up: A Case of Negative Learning
by Doing.” Energy Policy 38 (9): 5174—88.

Diseconomies of Scale Exponent
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Glaser, Alexander, M.V. Ramana, Ali Ahmad, and Robert Socolow. 2015. “Small Modular Reactors: A Window on
Nuclear Enerdy/’ 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/.
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NuScale

Potential Advanced Reactor Licensing Applications
An estimated schedule by Fiscal Year (October through September)

NUSCALE’S INCREASING COST PROJECTIONS
COMPARED TO ACTUAL SMR COSTS
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Source:
NGNP Combined License Review Hearing = lEldWa'rd Baker' $|,70 0/kW
NRC’s
Advanced
_ T Re $4,200/kW
Program,” 16
_ _ October 2008,
45 Pre-app. Review 45 Design App .
Galena Pre-application Review http://web.mi $8.500/KW
t.edu/ans/ww
w/documents
/seminar/FO8/ Floating SMR Actual Cost $10,500/kW
baker.pdf,
accessed 19
May 2015 T R $22,000/kW

Legend:

NGNP Activities Combined License Review
Manufacturing License Design Certification

NOTE: Schedules depicted for future activities represent nominal assumed review durations based on submittal time frames in letters of
intent from prospective applicants. Actual schedules will be determined when applications are docketed.
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Without C,Ianty C_m t_he steam Ramana, M. V. “Eyes Wide Shut: Problems with the Utah Associated Municipal Power Systems
generator integrity, it would Proposal to Construct NuScale Small Modular Nuclear Reactors.” Portland, OR: Oregon
be premature to conclude We identified a Physicians for Social Responsibility, September 2020.

i ) . . https://www.oregonpsr.org/small_modular_reactors_smrs.
e e e . boron dilution issue
ensures adequate protection h )
of public health and safety.” that remains open.
AdVvisory Committee on Reactor We are concerned

Safeguards Member Vesna B. that this class of
events could lead to
a potential reactivity
insertion accident

and core damage.” 462MWe T53{520005 FJL=11,515 F
sy Commiteeer /KW= 5 B BB S D Vogtle & U 80%
June 2020 20 7 S, 7°

Douglas O. Hunter: Why the world is watching Utah’s
Carbon Free Power Project

Dimitrijevic, March 2020

¢ sitrib.comiopinion/commantanry’2021/11/23/douglas-o-hunter-why

November 23, 2021
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Nuclear Power and Small Modular Reactors
in Indonesia: Potential and Challenges
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High Reliability Organizations:

Unlikely, Demanding and At Risk

Todd R. La Porte*
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DANGER
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1= Total, all fractions in the
nuclear fuel cycle

2— Spent fuel, 1 tonne

3— Uranium daughters,
equivalent to 8 tonnes

4 Depleted uranium, 7 tonnes

5= Natural uranium with
daughters, 8 tonnes
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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.
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An Enduring Problem:
Radioactive Waste From

Nuclear Energy

BY M. V. RAMANA

Program on Soience and Global Seourity, Prinocton Univerzity, Princeton, Nj, USA

I. GEOLOGICAL
DISPOSAL: THE PROMISE
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and have to be isolated from human

: ' 7 : contact for hbundreds of thousands of
z I Iﬁ Y _ ‘ stewnrdship ir ungrecedented in human

¢ = ‘a history. Since the 1950z, nuclear estab

m x Jj a 4 lishmersz bave advocated dealing with

theoe racdicactive wastes by construct
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~y " ing an underground repogitory in 2
suitable gmbgmlm«imm Mp!acifng

Photograph of a wasts container at the Waste lsclation Pilot Plant, USA, with Its lid unsealed 0 WaSte there, within special contain

and apparent heat discolor ation tahen by the US. Department of Ceer gy on May 15 2015 erz. Much attention from the technical

Sourcer htgx/, . vidlew tmd community hac been focused on finding
a suitable location because the choice of
gealogical media (e.p., granite, volcanic
tuff, or clay) will influence the behav

ecades after the ides was first proposed, it appears that under-  © of radmau:bde::vben they e
ground repositories to manage radicactive spent fuel from O™ the .. .1:1.'?12 QuEstion =
commercial reactors are finally going to be constructed. In mfd\”bf“‘ e ‘F:‘mdf“
November 2015, the ruling center-right party in Finland became  "0%i0R, radicauclides will migrate into
the first povernment to grant 2 construction license for such a repository [1]. the biosphere . the long periods of
The U.S. Department of Energy iz purzuing a concent based procecs to set up 2 un'feztmlduhwrt.hembdfcq.b
similar repository. Do these developments mean that a long-sought solution to Allizon Mactarlane, former Chair dﬂ*
the problem of nuclear waste iz imminent? U'S'V Nudear. Reguhm Coimzm:mon
Ac thiz article will argue, there are many fundamental reasons why dealing  PUt . PO “site will...contain nuclear
with radioactive waste iz a special and enduring challenge. Even if a repository is ‘1‘“ mdeﬁmftly. The goal iz to select
constructed in one or two countries, those examples are by no mezns peneraliz & site and en;me«ed !N.nxrec. r.uch =
able. The continuing problem of radicactive waste disposal, in turn, iz another the waste canister, which maximize ‘bf
reason to be wary of 2 larpe-soale expansion of nuclear power. [‘ﬁ“"ﬂ:}‘“ time the wase i wolated
Neverthelesz, confidence in the idea
of a repogitory remains kigh. The US.
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Technical and social problems of nuclear waste

M. V. Ramana



Take home messages
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