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WNISR2017 GENERAL OVERVIEW — WORLD FLEET

Reactor Startups and Shutdowns in the World

in Units, from 1954 to 1 July 2017
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WNISR2017 GENERAL OVERVIEW — WORLD FLEET

Reactor Startups and Shutdowns in the World

in Units, from 1954 to 1 July 2017
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WNISR2017 GENERAL OVERVIEW — Misleading Official Numbers 1
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[ PRIS |
The Database on Nuclear Power Reactors | Select Country Y
The Power Reactor Information System (PRIS), developed and maintained by the IAEA for over four decades, | Select Reactor Xi
is a comprehensive database focusing on nuclear power plants worldwide. PRIS contains information on
power reactors in operation, under construction, or those being... READ MORE » Q 2017: Nuclear Power Reactors in the...

=] 2017: Operating Experience with NPP..
@ PRIS STATISTICS - User’s Manual

Registered User ENTRY How to Register

' OVERVIEW

Current Status: Regional Distribution of Nuclear Power Plants (Click on the chart for more statistics)
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WNISR2017 JAPAN FOCUS

Rise and Fall of the Japanese Nuclear Program - 1963 to July 2017
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WNISR Definition of LTO

“A nuclear power reactor is considered in Long-Term Outage (LTO),
if it has not generated any power in the entire previous calendar year
and in the first semester of the current calendar year of the WNISR.”

As of 1 July 2017

e 33 reactors in Japan in LTO, shut down between 1995 and 2012. Only 5 operating.
e 2 reactorsin France in LTO (Bugey-5, Paluel-2)

e 1 reactorin Indiain LTO (Kakrapar-2)

e 1 reactor in Switzerland in LTO (Beznau-1)

e 1 reactor in Taiwan in LTO (Chinshan-1)



WNISR2017 GENERAL OVERVIEW — WORLD FLEET

Nuclear Reactors and Net Operating Capacity in the World 2006
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WNISR2017 WNA’s World Nuclear Performance Report 2017

Figure 2. Nuclear generating capacity
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WNISR2017 GENERAL OVERVIEW — ROLE OF NUCLEAR POWER

Nuclear Electricity Production in the World 1990-2016
in TWh (net) and Share in Electricity Generation (gross)
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WNISR2017 TOP 20 NUCLEAR PRODUCTION / SHARE IN POWER MIX

Nuclear Production in 201572016 and Historic Maximum
in TWh and Share In Electricity Production
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WNISR2017 GENERAL OVERVIEW — CONSTRUCTIONS

Reactors Under Construction
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WNISR2017 GENERAL OVERVIEW — CONSTRUCTIONS

Nuclear Reactors “Under Construction” (as of 1 July 2017)

Countr Capacity Construction Scheduled Behind
. (MW net) Starts Grid Connection | Schedule

China 20500 2009 - 2016 2017 - 2021
Russia 6 4 359 1983 - 2010 2017 - 2019 6
India 6 3907 2004 - 2017 2018 - 2023 5
UAE 4 5380 2012 - 2015 2018 - 2020 1
USA 4 4 468 2013 2019 - 2020 4
South Korea 3 4 020 2009 - 2013 2018 - 2019 3
Belarus 2 2218 2013 -2014 2019 - 2020 1
Pakistan 2 2028 2015 - 2016 2021 - 2022 ?
Slovakia 2 880 1985 2018 - 2019 2
Finland 1 1600 2005 2018 1
France 1 1600 2007 2019 1
Japan 1 1325 2007 ? 1
Argentina 1 25 2014 2019 1
WORLD 53 52 310 1983 - 2017 2017 - 2023 37

Sources: WNISR, with IAEA-PRIS, WNA, 2017
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WNISR2017 CONSTRUCTION TIMES

Reactor Construction Times of 51 Units Started-up 2007-7/2017

r— Construction Time (in Years)
ountry . .. .
Mean Time Minimum Maximum

China 27 6.0 4.1 11.2
India 6 9.0 5.0 14.2
South Korea 5 5.3 4.1 7.2
Russia 5 24.6 8.1 32.0
Pakistan 3 5.4 5.2 5.5
Argentina 1 33.0
Iran 1 36.3
Japan 1 5.1
Romania 1 24.1
USA 1 43.5

WORLD 51 10.1 4.1 43.5

Sources: WNISR, with IAEA-PRIS, WNA, 2017
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WNISR2017 CONSTRUCTION STARTS AND CANCELATIONS

Construction Starts of Nuclear Reactors in the World

in Units, from 1951 to 1 July 2017 44
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WNISR2017 CONSTRUCTION STARTS AND CANCELATIONS

Construction Starts of Nuclear Reactors in the World

in Units, from 1951 to 1 July 2017 44
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WNISR2017 OPERATING AGE

Age of World Nuclear Fleet
as of 1 July 2017

Reactor Age
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403 reactors

Mean Age:
29.3 years
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Age of Shut Down Reactors in the World
as of 1 July 2017

169 reactors

Mean Age:

25.2 years
Sources: WNISR, with IAEA-PRIS, 2017
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WNISR2017 AGE DISTRIBUTION OF REACTOR FLEETS: U.S., France

Age of US Nuclear Fleet
as of 1 July 2017
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WNISR2017 AGE DISTRIBUTION OF REACTOR FLEETS: Japan, China

Age of Japanese Nuclear Fleet
as of 1 July 2017

Reactor Age

" 0-10 Years

11-20 Years
~ 21-30 Years
I 31-40 Years

38 reactors

41 Years and More
E (33in LTO) O
10 Number of Reactors
BT (T by Age Class
Dt — 27 8y
Age of Chinese Nuclear Fleet
as of 1 July 2017
Reactor Age
| 0-10Years
7 11-20 Years

.~ 21-30 Years

10 Number of Reactors
by Age Class

© WNISR - MYCLE SCHNEIDER CONSULTING

Sources: WNISR with TAEA-PRIS, 2017
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WNISR2017 US FOCUS

Early Shutdowns of U.S. Reactors 2009-2025

Age at NRC 60-Year
Reactor Owner Decision Date Shutdown Date
Shutdown| License Approval

Oyster Creek Exelon 8 December 2010  December 2019
: Application
Crystal River-3 Duke Energy 5 February 2013 26 September 2009 32 withdrawn
San Onofre-2&-3 SCE/SDG&E 7 June 2013 January 2012 29 /28 No application
Kewaunee Dominion Energy 22 October 2012 7 May 2013 39 Yes
Vermont Yankee Entergy 28 August 2013 29 December 2014 42 Yes
Pilgrim Entergy 13 October 2015 31 May 2019 47 Yes
: November 2024 &
Diablo Canyon-1&-2 PG&E 21 June 2016 August 2025 40 Suspended
Fort Calhoun OPPD 26 August 2016 24 October 2016 43 Yes
(Palisades Entergy 8 December 2016 1 October 2018) 47 Yes
No later than
Indian Point-2&-3  Entergy 9 January 2017 30 April 2020 / 47 | 44 Under review
30 April 2021

Sources: Various sources compiled by WNISR
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WNISR2017 NUCLEAR FINANCES — JAPANESE COMPANIES

TEPCO (Japan) Share Price Development Since 2006

Percentage
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Toshiba (Japan) Share Price Development Since 2006

Percentase 25 July 2007 Second delay on results
and control report
50 15 March 17

Fisrt postponement of FY16 results
14 December 2016 7

Warns of multi-billion dollar charge
Share Price as of 27 December 2016
2 January 2006

$6.15

-30 Share Price as of

3 July 2017
$2.32

© WNISR - MYCLE SCHNEIDER CONSULTING

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Sources: Yahoo Finance, Investing.com, 2017

MYCLE SCHNEIDER CONSULTING 21 OTTAWA, 1 NOVEMBER 2017



WNISR2017 NUCLEAR FINANCES — GERMAN COMPANIES

RWE (Germany) Share Price Development Since 2006
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WNISR2017 NUCLEAR FINANCES — FRENCH COMPANIES

EDF (France) Share Price Development Since 2006
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WNISR2017 NUCLEAR FINANCES — KOREAN COMPANIES

KEPCO (Korea) Share Price Development Since 2006 6 e 205
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WNISR2017 NUCLEAR FINANCES — THE KEPCO CASE

KEPCO Engineering & Construction Company, Inc. (052690.KS) 17 Add to watcnlist
KSE - KSE Delayed Price. Cumrency in KRW
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WNISR2017 NUCLEAR FINANCES — CHINESE COMPANIES

CGN (China) Share Price Development Since its Launch in 2014

Percentage
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WNISR2017 CREDIT RATING ACTIONS EUROPEAN COMPANIES 2016

Rating Agency Changes 2016

S B ™ S 7

Iberdrola Positive Positive
Enel BBB Positive — BBB Positive
Fortum BBB+ Stable — BBB+ Stable
Engie A Stable 4 A- Stable
EDF A+ Negative 4 A- Stable
RWE BBB Negative 4 BBB- Negative
E.ON BBB+ Stable 4 BBB Stable
Centrica BBB+ Stable 4 BBB+ Negative
AREVA B+ Develop 4 B Develop

Sources: S&P; Companies’ Annual Reports
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WNISR2017 NUCLEAR POWER VS. RENEWABLES DEPLOYMENT

Global Investment Decisions in
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WNISR2017 NUCLEAR POWER VS. RENEWABLES DEPLOYMENT

Top 10 Countries for Renewable Energy Investment 2014-2016
in US$ billion
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WNISR2017 NUCLEAR POWER VS. RENEWABLES DEPLOYEMENT

Wind, Solar and Nuclear Developments: Installed Capacity and Electricity Production in the World
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Auctioning Drives Costs to Record Low Levels

» USA : solar + storage system for USS45/MWh

» Mexico : solar PV at USS$S32/MWh; wind power at USS36/MWh
» United Arab Emirates: USS24/MWh

» Morocco : USS30/MWh for wind

» Germany : new offshore wind without subsidies by 2022...



WNISR2017 NUCLEAR POWER VS. RENEWABLES DEPLOYMENT

Installed Wind, Solar and Nuclear Capacity and Production in China 2000-2016
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WNISR2017 NUCLEAR POWER VS. RENEWABLES DEPLOYMENT

Wind, Solar and Nuclear Developments: Installed Capacity and Electricity Production in the EU
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WNISR2017 NUCLEAR POWER VS. RENEWABLES DEPLOYMENT

Installed Wind, Solar and Nuclear Capacity and Production in India 2000-2016
29 45
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e The bankruptcy of Toshiba-Westinghouse, the historic, largest nuclear builder in the world,
preceded by the technical bankruptcy of AREVA, leaves the building industry in the West in
shambles. Serious consequences on the quality and reliability of maintenance, fuel fabrication
and waste management services cannot be excluded.

e The financial problems of the nuclear utilities, including the world’s largest nuclear operator
EDF, are exacerbated by high debt loads, deteriorating credit-ratings, low wholesale-market
prices, a shrinking client base, stagnating consumption at best, increasing maintenance and
therefore production costs, post-3/11 investment needs for upgrading, and ferocious
competitors with steep growth rates.

e As a result, the growth rate of nuclear power production is very low (+1.4% or +35 TWh),
exclusively due to the Chinese 23% increase (36.6 TWh), i.a.w. without China, the growth rate is
negative worldwide.

e The decline of the global nuclear industry is accelerating. Construction starts dropped from 15
in 2010 to 3 in 2016 and to 1 in the first three quarters of 2017. This is way below the minimum
necessary reproduction rate to survive. The nuclear species is on its way of extinction.

e This development has nothing reassuring as about 400 aging reactors are operating under
increasingly difficult conditions. The difficulty to maintain even the current level of safety is
challenging and deserves more attention by all stakeholders.



WNISR2017 www.WorldNuclearReport.org

From the Foreword

“Because of that history, this 2017 World Nuclear Industry Status Report
is perhaps the most decisive document in the history of nuclear power.
The report makes clear, in telling detail, that the debate is over.”

S. David Freeman

appointed Chairman of the Tennessee Valley Authority (TVA)
by President Jimmy Carter in 1977

The WNISR2017 is online for free download at www.WorldNuclearReport.org
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Thank You! Contact: mycle@orange.fr www.WorldNuclearReport.org

Mycle Schneider works as independent international consultant on
energy and nuclear policy. He is the initiator and Convening Lead Author
of the World Nuclear Industry Status Reports. He is the Coordinator of the
Seoul International Energy Advisory Council (SIEAC) and the
Spokesperson for IEAC. He is a member of the International Panel on
Fissile Materials (IPEM), based at Princeton University, USA.

In 2010-2011, he acted as Lead Consultant for the Asia Clean Energy
Policy Exchange, implemented by IRG, funded by USAID, with the focus
of developing a policy framework to boost energy efficiency and
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Environment and Energy Strategies Lecture of the International Master of
Science for Project Management for Environmental and Energy
Engineering at the Ecole des Mines in Nantes, France.

From 2000 to 2010 he was an occasional advisor to the German Environment Ministry. 1998-2003 he was an advisor to the
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