REFERENCE DATA SERIES No. 2
2021 Edition

Nuclear Power Reactors
in the World

i- : "' 1* T” T
g T s
= iles o

International Atomic Energy Agency



NUCLEAR POWER REACTORS
IN THE WORLD






REFERENCE DATA SERIES No. 2

NUCLEAR POWER REACTORS
IN THE WORLD

2021 Edition

INTERNATIONAL ATOMIC ENERGY AGENCY
VIENNA, 2021



EDITORIAL NOTE

This publication has been prepared from the original material as submitted by the
contributors and has not been edited by the editorial staff of the [AEA. The views expressed
remain the responsibility of the contributors and do not necessarily represent the views of the
1IAEA or its Member States.

Neither the IAEA nor its Member States assume any responsibility for consequences
which may arise from the use of this publication. This publication does not address questions of
responsibility, legal or otherwise, for acts or omissions on the part of any person.

The use of particular designations of countries or territories does not imply any
Jjudgement by the publisher, the IAEA, as to the legal status of such countries or territories, of
their authorities and institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated
as registered) does not imply any intention to infringe proprietary rights, nor should it be
construed as an endorsement or recommendation on the part of the IAEA.

The IAEA has no responsibility for the persistence or accuracy of URLs for external
or third party Internet web sites referred to in this publication and does not guarantee that any
content on such web sites is, or will remain, accurate or appropriate.

NUCLEAR POWER REACTORS
IN THE WORLD
IAEA-RDS-2/41

ISBN 978-92-0-124421-5
ISSN 1011-2642

Printed by the IAEA in Austria
July 2021
Cover photo credit:
Emirates Nuclear Energy Corporation / 2021



CONTENTS

INEFOAUCTION ...t e e e e e 1
DY T 1o PSR 2
Table 1. Overview of power reactors and nuclear share, 31 Dec. 2020...........cccevvveeeeee.. 5
Table 2. Type and net electrical power of operational reactors, 31 Dec. 2020................. 7
Table 3. Type and net electrical power of reactors under construction, 31 Dec. 2020 .....9
Table 4. Reactor years of experience, up to 31 Dec. 2020..........ccoiiieeieeiiiiiiieeeeeiiieen. 10
Table 5. Operational reactors and net electrical power, from (1990-2020).................... 12
Table 6. Nuclear electricity production and share, from (1990-2020) ..........ccccceevveenneen. 14
Table 7. Annual construction starts and connections to the grid (1954-2020)............... 16
Table 8. Number of new reactors connected to the grid and median construction
tME N MONTNS. ..o e 19

Table 9. Construction starts during 2020 ............oiiiiiiiieee e 20
Table 10. Connections to the grid during 2020..........c.eeiiiiiiiiii e 20
Table 11. Scheduled connections to the grid during 2021 ..., 20
Table 12. Reactors planned for construction as known on 31 Dec. 2020 ...........c.ceeeeee. 21
Table 13. Reactors under construction, 31 Dec. 2020 ..........ceuiiiiiiiiiiiiiieeeeeeee e 24
Table 14. Operational reactors, 31 Dec. 2020..........cccuueeiieeiiiiiee e 26
Table 15. Reactors in long term shutdown, 31 Dec. 2020 ........c..coooiiiiieeiiiiiiieee e 45
Table 16. Reactors permanently shut down, 31 Dec. 2020 ..........cccooeieeiiiiiiieeeeeniieen. 46
Table 17. Reactors in decommissioning process or decommissioned, 31 Dec. 2020 ...54
Table 18. Performance factors by reactor category (2015—2020) .......cccceeevvveeeiireennen. 61
Table 19. Full outage statistics during 2020 ..........cooiuiiiiiiiii e 62
Table 20. Direct causes of full outages during 2020 ...........cccoeiiiiiiiiiiiee e 63
Table 21. Direct causes of full outages (2015—2020) .......cccceeeiiireeiiieeiie e 64
Table 22. Countries: abbreviations and summary .........cccooiiiiiiii e 65
Table 23. Reactor types: abbreviations and summary .............ccccoiiiiiiiiiieee e, 67
Table 24. Operators: abbreviations and SUMMArY ...........ccccceeiiiiiiiiii e 68
Table 25. NSSS suppliers: abbreviations and summary ..........c.cccooccieeiiiiiece e 75
Figure 1. Number of operational reactors by type and net electrical power

(S Of 31 DEC. 2020) ..ottt e e 79
Figure 2. Reactors under construction by type and net electrical power

(25 Of 31 DEC. 2020) ...ueiieiiiiee ettt e e an 80
Figure 3. Nuclear share of electricity generation (as of 31 Dec. 2020) ........ccccceevveeennes 81
Figure 4. Worldwide median construction time in months (as of 31 Dec. 2020) ........... 82
Figure 5. Number of operational reactors by age (as of 31 Dec. 2020) ........ccccceevveennes 83

Figure 6. Annual construction starts and connections to the grid (1954-2020) ............ 84






INTRODUCTION

Nuclear Power Reactors in the World is an annual publication that presents the most

recent data pertaining to reactor units in IAEA Member States.

This forty-first edition of Reference Data Series No. 2 provides a detailed comparison of
various statistics up to and including 31 December 2020. The tables and figures contain

the following information:

— General statistics on nuclear reactors in IAEA Member States;

— Technical data on specific reactors that are either planned, under construction or
operational, or that have been shut down or decommissioned;

— Performance data on reactors operating in IAEA Member States, as reported to the
IAEA.

The data compiled in this publication are a product of the IAEA’'s Power Reactor
Information System (PRIS). The PRIS database is a comprehensive source of data on
all nuclear power reactors in the world. It includes specification and performance history
data on operational reactors as well as on reactors under construction or in the
decommissioning process. Data are collected by the IAEA via designated
national correspondents in Member States. Information and data received by the
IAEA through 1 June 2021 are included in this publication. Any modifications
received at a later date are available in the PRIS database.

PRIS outputs are available in the IAEA’s annual publications and on the PRIS web
page (http://www.iaea.org/pris). Detailed outputs are accessible to registered users

through on-line applications. Enquiries should be addressed to:

Director

Division of Nuclear Power
International Atomic Energy Agency
Vienna International Centre

PO Box 100

1400 Vienna, Austria

Email: PrisAdmin@iaea.org



DEFINITIONS

Performance factors

(REG — PEL — UEL — XEL)

EAF (%) = x 100
REG
(REG — PEL — UEL)
UCF (%) = x 100
REG
UEL
UCL (%) = x 100
REG
PEL
PCL (%) = x 100
REG
EG
LF (%) = x 100
REG
On-line hours
OF (%) = x 100
Total hours
where
EAF is the energy availability factor, expressed in per cent.
UCF is the unit capability factor, expressed in per cent.
uUCL is the unplanned capability loss factor, expressed in per cent.
PCL is the planned capability loss factor, expressed in per cent.
LF is the load factor, expressed in per cent.
OF is the operating factor, expressed in per cent.

REG Reference energy generation: The net electrical energy (MW-h), supplied by
a unit continuously operated at the reference unit power for the duration of

the entire reference period.



PEL

UEL

XEL

EG

Planned energy loss: The energy (MW-h) that was not supplied during the
period because of planned shutdowns or load reductions due to causes
under plant management control. Energy losses are considered to be
planned if they are scheduled at least four weeks in advance.

Unplanned energy loss: The energy (MW-h) that was not supplied during
the period because of unplanned shutdowns, outage extensions, or load
reductions due to causes under plant management control. Energy losses
are considered to be unplanned if they are not scheduled at least four
weeks in advance.

External energy loss: The energy (MW-h) that was not supplied owing to
constraints beyond plant management control that reduced plant availability.
The net electrical energy supplied during the reference period as measured
at the unit outlet terminals after deducting the electrical energy taken by unit
auxiliaries and the losses in transformers that are considered to be integral

parts of the unit.

Planned reactors

The IAEA considers a reactor as planned from the date when a construction licence

application has been submitted to the relevant national regulatory authorities to the

construction start date.

Construction start

The date when the first major placing of concrete, usually for the base mat of the

reactor building, is carried out.

First criticality

The date when the reactor is made critical for the first time.

Grid connection

The date when the plant is first connected to the electrical grid for the supply of power.

After this date, the plant is considered as operational.

Commercial operation

The date when the plant is handed over by the contractors to the owner and declared



officially in commercial operation.

Long term shutdown (suspended operation)

A unit is considered to be in long term shutdown if it has been shut down for an
extended period (usually several years) initially without any firm recovery schedule, but
with the intention to restart the unit eventually. Suspended operation is a new term for

this status.

Permanent shutdown
The date when the plant is officially declared to be shut down by the owner and taken

out of operation permanently.

NSSS supplier

The supplier of a power reactor unit’s nuclear steam supply system.

Units and energy conversion

1 terawatt-hour (TW-h) = 10% megawatt-hours (MW-h)

For an average power plant,

1TW:-h = 0.39 megatonnes of coal equivalent (input),

= 0.23 megatonnes of oil equivalent (input)
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Figure 5. Number of operational reactors by age (as of 31 Dec. 2020)
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Figure 6. Annual construction starts and connections to the grid (1954-2020)
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