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WNISR2019 GLOBAL OVERVIEW — FORECASTING Vs. REALITY

1970s Projections

Nuclear Capacity to 2000 vs. Reality
in GWe, by Organisation and Projection-Year

5300 - IAEA 1974 Max

4400 - OECD 1973 Accelerated Case

3 950 - USAEC 1974 Max

3 600 - IAEA 1974 Most Likely
3 600 - OECD 1974 Reference Case

4 400 - OECD 1973 Reference Case

2910 - USAEC 1974 Min

/

~

== 350 - Reality

| S S S S S S S S S S S S S S S N
1970 1975 1980 1985 1990 1995 2000

© WNISR - MYCLE SCHNEIDER CONSULTING

Source: Klaus Gufler, " Short and Mid-term Trends of the Development of Nuclear Energy ", June 2013

MYCLE SCHNEIDER CONSULTING

2 BUDAPEST, 24 SEPTEMBER 2019



WNISR2019 GLOBAL OVERVIEW — STARTUPS AND CLOSURES

Reactor Startups and Closures in the World
in Units, from 1954 to 1 July 2019
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WNISR2019 EUROPEAN UNION

Reactor Startups and Closures in the EU28
in Units, from 1956 to 1 July 2019
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WNISR2019 GLOBAL OVERVIEW — WORLD FLEET

Nuclear Reactors and Net Operating Capacity in the World
in Units and GWe, from 1954 to 1 July 2019 67 G 712019
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WNISR2019 EUROPEAN UNION

Nuclear Reactors and Net Operating Capacity in the EU 28

in Units and GWe, from 1956 to 1 July 2019
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WNISR2019 GLOBAL OVERVIEW — ROLE OF NUCLEAR POWER

Nuclear Electricity Production 1985-2018

in the World... ...and in China and the Rest of the World
in TWh (net) and Share in Electricity Generation (gross) in TWh (net) 2018
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WNISR2019 GLOBAL OVERVIEW - NUCLEAR ELECTRICITY GENERATION

Nuclear Production in 2017/2018 and Historic Maximum (rop 21)
in TWh and Share In Electricity Production
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WNISR2019 GENERAL OVERVIEW — CONSTRUCTIONS

Reactors Under Construction in the World

in Units, from 1951 to 1 July 2019 234 Construction Status

as of 1 July 2019
B Construction Abandoned or Suspended

200
N Construction Completed or Underway

B Construction Starts
150

© WNISR - MYCLE SCHNEIDER CONSULTING

100

50

0 g 1 1965 1970

Sources: WNISR, with IAEA-PRIS, 2019

MYCLE SCHNEIDER CONSULTING 9 BUDAPEST, 24 SEPTEMBER 2019



WNISR2019 CONSTRUCTION STARTS AND CANCELLATIONS

Abandoned Reactor Constructions from 1970 to 1 July 2019

in Units by Cancellation Year and Country
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Country Capacity Construction Grid : Units Behind
(MW net) Starts Connection Schedule

China 10 8 800 2012 - 2017 2020 - 2023 2-3
India 7 4824 2004 - 2017 2019 - 2023 5
Russia 5 3379 2007 - 2019 2019 - 2023 3
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WNISR2019 GENERAL OVERVIEW — CONSTRUCTIONS

Average Annual Construction Times in the World from 1954 to 1 July 2019
by Grid Connection Date
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WNISR2019 GENERAL OVERVIEW — CONSTRUCTIONS

Construction Times of 63 Units Started-up 2009-7/2019
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WNISR2019 GENERAL OVERVIEW — CONSTRUCTIONS & DELAYS

Expected Construction Time vs. Real Construction Time for Startups 2018-2019
in Years
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WNISR2019 GLOBAL OVERVIEW — CONSTRUCTIONS STARTS & CHINA

Construction Starts of Nuclear Reactors in the World
in Units, from 1951 to 1 July 2019
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WNISR2019 WORLD FLEET - OPERATING AGE

Age of World Nuclear Fleet
as of 1 July 2019
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WNISR2019 EUROPEAN UNION

Age of EU Nuclear Fleet
as of 1 July 2019
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WNISR2019 FRANCE FOCUS

Reactors Unavailability of French Nuclear Reactors in 2018
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WNISR2019 FRANCE FOCUS

Unavailability of French Nuclear Reactors in 2018

Reactors Offline the Same Day (Zero Output) 25-26 August 2018
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WNISR2019 BELGIUM FOCUS

Unavailability of Belgian Nuclear Reactors in 2018
Total Unavailabilities in Days per Reactor
In 2018, unavailabilities at zero power affecting the Belgian nuclear fleet reached a total of 1,265 reactor-days,

or an average of 180.8 days per reactor.
All of the 7 reactors were affected, with cumulated outages between 31 and 276 days.
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Source: ENTSO-E and Engie Transparency Platforms, 2019
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WNISR2019 GERMANY FOCUS

Main Evolution of the German Power System Between 2010 and 2018

in TWh Net Export Consumption
Increase Decrease
Renewables
Fossil Fuel Increase
Reduction 121
435 BB @ e

Nuclear -
Reduction
-64.5

I
Nuclear and fossil fuel ... are covered by
generation reductions consumption decrease and
as well as export increase... renewable production increase.

© WNISR - MYCLE SCHNEIDER CONSULTING

Sources WNISR, based on AGEB 2019

MYCLE SCHNEIDER CONSULTING 21 BUDAPEST, 24 SEPTEMBER 2019



WNISR2019 NUCLEAR POWER VS. RENEWABLES DEPLOYMENT

Global Investment Decisions in
New Renewables and Nuclear Power

in US$ billion, 2004-2018
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WNISR2019 NUCLEAR POWER VS. RENEWABLES DEPLOYMENT

Selected Historical Mean Costs by Technology
LCOE values in US$/MWh
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WNISR2019 NUCLEAR POWER VS. RENEWABLES DEPLOYMENT

Power Generation in the World
Annual Production Compared to 2008

in added TWh by Source
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WNISR2019 NUCLEAR POWER VS. RENEWABLES DEPLOYMENT

Wind, Solar and Nuclear Developments: Installed Capacity and Electricity Production
in the World
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WNISR2019 NUCLEAR POWER VS. RENEWABLES DEPLOYMENT

Wind, Solar and Nuclear Installed Capacity and Electricity Production in the World
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WNISR2019 NUCLEAR POWER VS. RENEWABLES DEPLOYMENT

Installed Wind, Solar and Nuclear Capacity and Production in China 2000-2018
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WNISR2019 NUCLEAR POWER VS. RENEWABLES DEPLOYMENT

Startup and Closure of Electricity
Generating Capacity in the EU in 2018

by Energy Source in GWe
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WNISR2019 NUCLEAR POWER VS. RENEWABLES DEPLOYMENT

Wind, Solar and Nuclear Installed Capacity and Electricity Production in the EU
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WNISR2019 NUCLEAR POWER VS. RENEWABLES DEPLOYMENT

Wind, Solar and Nuclear Developments: Installed Capacity and Electricity Production in the EU
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WNISR2019 NUCLEAR POWER VS. RENEWABLES DEPLOYMENT

Installed Wind, Solar and Nuclear Capacity and Production in India 2000-2018
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What do these developments mean for the fight against Climate Change?

e The generation of electricity is only about 20% of final energy but emits 38% of CO2
(2016). Therefore, decarbonizing the power sector is crucial.

e The challenge: per invested dollar, euro or forint reducing
greenhouse gas emissions as much as possible as fast as possible.

e Over the past decade, new nuclear power plants took 10 years to build while their
average costs increased to levels exceeding any other electricity generating option.

e Existing nuclear power plants are increasing outpaced by unsubsidized new
renewables.



WNISR2019 NUCLEAR POWER VS. CLIMATE CHANGE

Renewable Electricity vs. Nuclear Operating Costs U.S./World

in US$/MWh
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WNISR2019 NUCLEAR POWER VS. CLIMATE CHANGE

Average Annual Increase in Low-Carbon Net Electricity Generation per Capita
During Decade of Peak Scale-up

in added kWh per capita per year
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e For the first time the average age of world nuclear fleet exceeds 30 years.

In 2018,

* nuclear power added 9 GW to the world’s power grids to reach a record 370 GW,
while renewables added a record 165 GW (wind and solar cumulate >1,000 GW total);
e nuclear power generation increased by 2.6%, wind by 29%, solar by 13%;

e nuclear construction down to a trickle with 5 starts vs. 15 in 2010 (1 so far in 2019);
¢ 10 of 31 nuclear countries generate more power with renewables than with nuclear.

e Average construction times average 10 years over the past decade.
e The costs of new nuclear have increased by 23%, while solar costs decreased by 88%
and wind by 69%.

e Fighting the climate emergency requires to invest into effective strategies combining
speed and competitive cost to drastically reduce emissions. Nuclear power turns out not
only the most expensive, but the slowest option to generate “low-carbon” electricity
and to provide essential energy services.
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