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Global CO2 emissions from electricity generation &
emissions avoided by hydro, nuclear & renewables
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» Brundtland Report [Our Common Future, 1987]

» Sustainable Development: “Development that meets the
needs of the present without compromising the ability of
future generations to meet their own needs”
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® 2015F F TITEM T X EMillennium Development Goals
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HDI and primary energy consumption

HDI
comparative measure of
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No Electricity ————+—— Scarce Electricity —

Vulnerable to Water Shortages »+— Future Water Vulnerability —»!
2.0

POOR & DEVELOPING NATIONS 80% of Global
75 million more people each year Consumption
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| ACCELERATING ONGOING
GROWTH DEMAND

A SR Eindafitah, MEdIA), MENA Conference, Nov 2008
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® EEDN A= 7T 4T IZ&BMillennium Development Goals (MDGS)3& X
20004 Mmillennium summitlIZTE&E

o BR/FBR/IERDERDI=HIZ2015F TER T REBERT

® B iZ:E R ICHhigi 2 ( India/China 3ZRL vs. T HN\SREZERD RAH)

®MDG approach (& 2015 £ THREENR N ARBEIBEE & AR O AT 8EE

ﬁ 1 Goal 1: Eradicate extreme
— poverty and hunger

i i

Goal 2: Achieve universal
primary education

Q:3 Goal 3: Promote gender
== equality and empower women
G

Goal 4. Reduce child mortality

Millennium Summit

A. Omoto 21January2011, AESJ September 2000 10
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5
I?? Goal 5: Improve maternal health

i

Goal 6: Combat HIV/AIDS, malaria and other diseases
» Target 6a: Halt and begin to reverse the spread of HIV/AIDS
» Target 6b: Achieve, by 2010, universal access to treatment for
HIV/AIDS for all those who need it
» Target 6¢: Halt and begin to reverse the incidence of malaria and
other major diseases

%T Goal 7: Ensure environmental sustainability
==

W Goal 8: A global partnership for development

A. Omoto 21January2011, AESJ 11
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ACCESS TO RADIOTHERAPY pact@iaea.org

2 W k£

Radiotherapy is an
essential part of the
treatment of cancer

Over 30 African and
Asian countries have
no access to radiotherapy

There is a shortfall of over '
5000 radiotherapy machines in 4
the developing world

Availability of treatment

L
Mumber of people served by a singlo rdiothorapy centre (larest evalabladare 1995-2003)

- below 500 000 [ 10100 milion irogramme of
Aciion for

- 500 000-959 999 20 mifilon and above @z) Cancer
Therapy

B a9 mition no centre 1A E_ﬁ_ F;ACT

- 52,9 millicn no data

IAEA has initiated PACT to
comprehensively address this
urgent problem
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Energy Indicators for
Sustainable Development (EISD)
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Energy Indicators for

Sustainable Development:
Guidelines and

Methodologies
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Theme Sub-theme Energy Indicator
Equity Accessibility SOC1 Share of households (or
population) without electricity
or commercial energy, or
heavily dependent on non-
commercial energy
Affordability SOC2 Share of household income
spent on fuel and electricity
Disparities SOC3 Household energy use for
each income group and
corresponding fuel mix
Health Safety SOC4 Accident fatalities per energy
produced by fuel chain
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Theme Sub-theme Energy Indicator
Use and | Overall Use ECO1 Energy use per capita
producti Overall ECO2 Energy use per unit of GDP
on Productivity
patterns Supply efficiency ECO3 Efficiency of energy conversion & distribution
Production ECO4 Reserves to production ratio
ECO5 Resources to production ratio
End-use ECO6 Industrial energy intensities
productivity ECO7 Agricultural energy intensities
ECOS8 Service / Commercial energy intensities
ECO9 Household energy intensities
ECO10 Transport energy intensities
Fuel Mix ECO11 Fuel Shares in energy and electricity
ECO12 Renewable energy share in energy and electricity
Prices ECO13 End use energy Prices by fuel and by sector
Security Imports EC0O14 Net energy import dependency
Stocks ECO15 Stocks of critical fuels per corresponding fuel consumption
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Theme Sub-theme Energy Indicator
Atmosphere | Climate ENV1 GHG emissions from energy production and use per
Change capita and per GDP
Air quality ENV2 Ambient concentrations of air pollutants in urban
areas
ENV3 Air pollutant emissions from energy systems
Water Water quality ENV4 Contaminant discharges in liquid effluents from
energy systems including oil discharges
Land Soil quality ENV5 Soil area where acidification exceeds critical load
Forest ENV6 Rate of deforestation attributed to energy use
Solid Waste ENV7 Ratio of solid waste generation per energy produced
generation & ENVS Ratio of solid waste properly disposed to total
management generated solid waste
ENV9 Ratio of solid radioactive waste per energy produced
ENV10 | Ratio of solid radioactive waste awaiting disposal to

total generated solid radioactive waste
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Contributions to nuclear production growth

Uprating
7%

Source: IAEA

Capacity Availability
J EH 36% 57%
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EAF (%)

Energy Availability Factorl&#y
L%/IFEDR—RATHEINTEL
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66 -
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1990 1991 1992 1993 1994 1995 1997 1996 1998 1999 2000 2001 2002
EAF is the ratio of the energy that the available capacity
could have produced during this period, to the energy
Source: IAEA that the reference unit power could have produced

during the same period
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SOURCE: Adnan-Shihab-Eldin, “Nuclear power for oil producing countries”, Nov 2008

Optimum path for meeting growing power
demand in GCC (MENA)

» For GCC/MENA countries, improved efficiencies

represent the most cost effective way of meeting
demand growth, potential ~ 30% of increment,

> Renewable has a good promise & must be

encouraged but recognizing its limitation

> In addition to CCGT, IGCC for heavy and residual
oil (MT) & renewable (LT), nuclear can be a viable
economic part of the LT power mix to be pursued

» only after developing and implementing requisite
minimum infrastructure, including core of highly
qualified manpower
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Prime Minister of Malaysia announced at the 15" COP to the UNMFCCC in Copenhagen on 17% Dec. 2009
for voluntary 40% reduction In carbon Iintensity of GDP by 2020 compared to 2005, with certain conditions.
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> REBIRIE. BFHEBERBEI RILT—ECCS (Carbon dioxide
Capture and Storage) {2 X D&M % HAFF

2. RETRIILF— UEZLEE (DECC) DENTIGHESE
SUEZ R [ENLREHRBITENMERESLEILIDREERD-OIZKHLE
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> k& Fi (Carbon Price Support) D& A

> BRRFHHEIRICK I SKEZZ%I (Long term contracts) EA

(EHE IR ZROBRBHFHEFEADIKRE)RIVDIEREZE D)
> RERADCO2HHREMEEDEA
> Tl RERAN=X L (Targeted capacity mechanism) D& A
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Energy demand
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UK 2050 Pathways
Analysis (July 2010)
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Trends In reactor design

O Design considering “User requirements”
0 Design considering 60 years life
O Design for maintenance — online or during outage
U Design for easier & shorter construction
0 Use modern technologies
- digital control, modern man-machine interface,
- computer-aided design
- safety system design guided by PSA etc.
O Simplicity by reducing Nr. & rotating components
- fewer and large components
- passive systems
(gravity, natural circulation, accumulated pressure etc.)
U Build safety into the design
- iIncreased margins
- severe accident measures
0 Complete and standardized designs with pre-licensing

A. Omoto 21January2011, AESJ 28
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Operating (30) [ Considering (43) ¥ Expressing interest (25)

SOURCE: IAEA
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Position of countries
with operating NPPs

Position of countries
w/o operating NPPs

Description of group

Number of countries

Intending to phase out nuclear plants when the current
plants come to the end of their life or reach an agreed
cumulative power output.

| )

Reviewing energy needs and including nuclear as a
potential option

L

Permitting new plants to be proposed but with no
meentives

Supporting the construction of new plant/plants

- |

New plant/plants under construction

el
T

Description of group

Number of countries

Not planning to mtroduce nuclear power plants. but
mterasted i considenng the 15sues associated with a nuclear
pOWer programuine .

Lt
e

Considening a nuclear programme to meet idenufied energy
needs with a strong indication of intention to proceed

14

Active preparation for a possible nuclear power programme
with no final decision

Decided to introduce nuclear power and started prepanng the
appropriate infrastructure

10

Invitation to bid to supply a nuclear power plant prepared

New nuclear power plant ordered

New nuclear power plant under construction

A. Omoto 21J 2 i
moto 2LaNUAY BB URRE: International Status & Prospect Report 2010, IAEA
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Number of Reactors under Construction Worldwide

CHIMA | 27
RUSEIAN FEDERATION
I DA, _—E

KOREA, REPUBLIC OF 5
BULGARIA
JAPAN
SLOWAK REPUBLIC
UKRAINE
ARGENTINA

'l

{0 Y N S N ) LN

BRAZIL

FIMLAMD

FRAMNCE

IRAN, ISLAMIC REFPLBLIC OF
FAKISTAN

World Total: 66 reactors of net
electrical capacity 63.1 GWe

— e et et et ek e

LINITED STATES OF AMERICA,

o 10 1% 20 25

]

Mote: The World Total includes also 2 reactors under construction in Takwan, China.

Source: IAEA-PRIS

A. Omoto 21January2011, AESJ

30



BB. EFHHEREBE~NDEFOEFEY

5,@
B
..H.\

REIFDE

50

B
=1

(7]
=]
1

no. of construction starts
[ ]
=]

—
=]
1

...... Wﬂmﬂn Il Hnnmﬂ{

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

il

FIG. C-2. Construction starts of nuclear power plants by year. Source IAEA, 2010

IAEA status and prospect report on nuclear power, 2010
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RFAREDIEKEnew entrants(ZLBHEAEIR FDERE

(IAEA status and prospect report on nuclear power, 2008)
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IAEA [CEBEFARBEAHERDE~DIIE
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(Jordan, Indonesia, Vietnam, Thailand)
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New entrants DR FNFEEZEADT-
&H D EHE(F FEET(AEA)

> ERRERYE R
> YAIVA—2VZERDT=0DE AT

No. NG-G-3.1

I}thlg na osmon Legal Framework

: mamayaFramework Radiation Protection
Flhtaﬁk!mgtruﬂmrﬂ Human Resource Development

_ ShreYaYE Security and Physical Protection
Guides Emergency Planning Nuclear Fuel Cycle
| Nuclear Waste Environmental Protection

- Nuclear Safety Sites & Supporting Facilities
Stakeholder Involvement Electrical Grid
Management Industrial Involvement
Procurement

(Nuclear Energy Series NG-G-3.1)

. e
¥ | AESN
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INIR
A2 75 FIK R 251  Integrated Nuclear

Guidance on Preparing

: and Conducting INIR Missions
IAEA Nuclear Energy Series

~ Evaluation

= of the Status

of National Nuclear

* Infrastructure
Development

-------------------------
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Eg&éﬂ%wconﬁdence building%
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1) ”Accident anywhere is accident everywhere”
Chernobyl S I CTHF DEF (iZOI-ON'?:'Fﬁ'
2) ZHOENE S LI-BOBETIEDHFEZES
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6) EREXEFD—HELIO—NILEBREFARESX
1) [RFHEE DOEIRZ#Z -1 I(ENEN, ANENT, (GNEN))
8) ZEBAR D 1% ¥ K(GIF, ITER, BXIH D SNE-TP)
9) WENRAIZEL DR M —KEHEE
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(CASL: The Consortium for Advanced Simulation of Light
Water Reactors (US-DOE))

The CASL Team: A unique lab-university-industry
partnership

Core partners

Oak Ridge
National Laboratory

Electric Power
Research Institute

Individual contributors

ASCOMP GmbH

Idaho National Laboratory CD-adapco, Inc.
. City University of New York

Los Alamos National Laboratory Florida State University
Massachusetts Institute Building on longstanding, Imperial College London
of Technology productive relationships Rensselaer Polytechnic Institute
: o and collaborations to forge Southern States Energy Board

North Carolina State University a close, cohesive, Texas A&M University
Sandia National Laboratories and interdependent team University of Florida
_ that is fully committed University of Tennessee

Tennessee Valley Authority to a well-defined plan of action University of Wisconsin

University of Michigan Worcester Polytechnic Institute

Westinghouse Electric Company

A. Omoto 21January2011, AESJ
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Networking coordinated by the IAEA
In the area of waste technology

» International Network of Underground Research Facilities
for Geological Disposal

 Established in 2001

» International Decommissioning Network “IDN”
 Established in 2007

» International Network of LLW Disposal “DISPONET”
 Established in 2009

» International Network of
Environmental Remediation A MM g

1 E NVI RO N ET” &kx F "IL'_\ N b b 4044 J] *‘r. f;; E J ?_ ’
« To be established in 2010 3;\1 77»
N J
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(Asian Network for Education in Nuclear Technology)
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® |AEA: INFCIRC/225 Rev5 3R %€, Data collection, Publication (Nuclear Security
Series), review services
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IAEA lllicit trafficking database
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v'"MNA (Multi-lateral Nuclear Approach) (M. EIBaradei, 2003 Oct)
v'GNPI (Global Nuclear Power Infrastructure ) (Russia, 2006 Jan)
v'GNEP (Global Nuclear Energy Partnership ) (USA, 2006 Feb)
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Potential exists for regional FC center

Manufacturing and Flows of Fresh & Spent Fuel in 2100
______ (Gagarinski, 2005) . _— _— — — — — _—
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BE. Stakeholder involvement

S E TlLStakeholder involvement A%

2
At
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® Stakeholder) E &

Any institution, gro

up or individual with an interest in or a role to

play in a societal decision making process

® Stakeholder involvement [ZEBRETAOELRD—E]

® Stakeholder invol
e A BUITEE

vement (ZEIEF. X5E. EERRED ADRET
D EERICERTHAINSE

® Stakeholder involvement [ ‘73T 1wy JL—3 X’ | A A—
DD DAL, BEIZAIRROoNTF-CEDBREZEDI=-HDFEE
EEZBNETHLY

SOURCE: OECD/NEA

A. Omoto 21January2011, AESJ
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BE. Stakeholder involvement

® HLPHFAMIZIEIRDZEFFESIN, DRI ZEFEDI"EVLVS R ANV
MTDFAIZELT
>ZE RN Technology assessmentD &=
2842 (T 5EERIZ&SInformed-decision-making® 7O+ X

® ‘Informed“NFEANEINZELIEED LKD) R IR
» Technological risk judged by “Dread” and “Unkown” (Slovoc)
» Bias on low-frequency-high-consequence event

® NI EFMELDRE D ELER
» Case studies In “Site conflict”

» NIMBY/NOPE/BANANA/ CAVE ("Project No Project”)
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International Nuclear event Scale (INES)

F‘enple and
Environment

Major release

Significant release

Limited release

| Several deaths

Minor reiease

[ One death
\fery small release

| Exposure > 2~300 mGy

Exposure -
Statutory limit

Radiological
Barriers & Control

Severe damage

Fuel meitor damage

Exposure > 1synr
(operating area)
[ Severe contamination

Radiation ieve >

20mSv/hr (operating area)
/ Significant contamination

Defense-in-depth

Near accident

Significant failure

Beyond
Operation limit
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Level, Defence-in-Depth
Descriot Off-Site Impact On-5ite Impact D iation
T Major Release:
Major Widespread health
Accldent and environmental
effects
(] Significant Release:
Serlous Full implementation
Accldent of local emergency
plans
5 Limited Release: Severe damage to reactor
Accldent Partial core or to radiological barriers
with Off- implementation of
Site Risks local emergency
plans, ar
4 Minor Release:  Significant damage to reactor
Accldent Public exposure of core or to radiological
Mainly in the arder of barriers; worker fatality
Installation prescribed limits, or
elther of:
3 Very Small Release: Major contamination; Acute Mear Accident:
Serlous Public exposure ata health effects to 2 worker, or  Loss of Defence in Depth
Incident fraction of provisions - no safety
any of: prescribed limits, or layers remaining
2 mil Significant spread of Incidents with significant
Incident contamination; Overexposure failures in safety
of worker, or provisions
1 mil nil Anomaly beyond
Anomaly authorised operating
regime
(1] mil nil Mo safety significance
Devlation
Below mil mil Mo safety relevance
Scale

Source: International Atomic Energy Agency

Examples

Chernobyl, Ukraine, 1986 (fuel
meltdown and fire)

Mayak at Ozersk, Russia, 1957
(reprocessing plant criticality)

Windscale, UK, 1957 (military).
Three Mile Island, USA, 1979
(fuel melting)

Saint-Laurent A1, France, 1969
(fuel rupture) & A2 1980
(graphite overheating).
Tokai-mura, Japan, 1989
(criticality in fuel plant for an
experimental reactor).

Vandellos, Spain, 1989 (turbine
fire)

Davis-Besse, USA, 2002
(severe corrosion)

Paks, Hungary 2003 (fuel
damage)
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“Nuclear Power in American thoughts” : Bl & M HH—E XANERFDY T+
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1. To exchange information and materials in the Field among the Parties,
Including joint development of publications and materials for e-learning;

2. To promote and support mutual activities for human resources
development and capacity building in the Field, including organizing of
joint training courses and/or fellowship programmes;

3. To disseminate the jointly developed materials and training courses for
benefits of students and professionals in Member States.

{ j/’ IAEA o HREKY

4
N\ ‘" THEUNIVERSITY OF TOKYO

International Atomic Energy Agency
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4. Responsible supply & responsible use® B A&[Z
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A. Omoto 21January2011, AESJ
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FNCA (Framework of Nuclear Cooperation in Asia) 1N 12HED
JRFNREEBIZHSITAHABNEEXEELTETHE

> EFERKILIEHEDE
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> [RF Nt x@yéﬁﬁﬁwﬁﬂ ZENDHEREEERICE-THED

;h/ Eln-l-q—:/io) '“::Z‘g
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A. Omoto, 17Dec2010

global map of earthquake activity
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A Five-Stage Benchmarking Process

! A Y
| Decide \ |dentify " Gather ' Implement
what 1o partners mfc:lrmatmn Analyze for
benchmark /y / effect

Source: Bengt Karlot and Svante Ostblam, Berchmarking: A Signpost o Excellence in lelﬁ'x En'lr_'l' Productividy
(Mew York: John Wiley & Sons, 1993).
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> IEEDAEEHOMEICKSITIUMEILEPARENGE

> BERH AT JLHFELY

> AR MR SF D E L EIRE A RO

> STEMELEEEZEVLA—BIEFLE40 I BREEILALY

Cycle Unplanned Unplanned Ave. Plant Availability
Length Shutdown Shutdown Inspection (%0)
(Months) Frequency Period Period (days) MEDIAN
(Event/Reacto  (days)
r-year)
Japan 13.0 0.24 29.7 143.5 71.6
USA 19.2 0.92 6.6 42.3 91.8

SOURCE: IAEA-PRIS, 2007 to 2009

A. Omoto 21January2011, AESJ
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TAHAIRFT—HIETI—F I L CGEEHBHGEA—R, mMBDETOMEICESE
FDEENBHAHEITEZLLY,
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SOURE: A. Omoto, “International collaboration for Maintenance Science and technology,
International Seminar on Maintenance Science and Technology for Nuclear Power Plants,
Nov, 2010, Sendai
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(North)
» Reinforcement of existing commercial market mechanisms

» challenges to justification for FC activities against assurance and
commercial disadvantage

(South)
» Inalienable rights guaranteed under NPT

(Joint Statement on the Global Nuclear Energy Partnership, 2007 May)

At the meeting, representatives exchanged views on the GNEP and their vision for
nuclear energy cooperation t 0 enable the safe and secure expansion of civilian
nuclear energy for peaceful purposes, to discourage the spread of sensitive
nuclear fuel cycle technologies, and to afford other nations currently without
nuclear power the opportunity to realize the benefits of nuclear energy as a
clean, reliable source of energy that does not emit greenhouse gases harmful to
our climate.
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O Millions of People Without Electricity

. Millions of People Relying on Biomass

Source: IEA
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o — R TRILF—BREER 1998 2020
100% Oil EU import needs 767 839
. (mtoe)
g - from Russia 88.9 97.3
g 40% Gas EU import needs 178 403
7 (bcm)
20% from Russia 77 200-210

2
£
‘

Japan USA Germany France UK

‘ O without nuclear @ with nuclear

Source: Y. Sokolov, German AIF conference, 2004
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Nuclear power in 2000

Kyoto in 2010 with no
emissions trading (no
u.s.)

Kyoto in 2010 with
emissions trading (no
URSH

Kyoto reductions relative
to 1990 (including U.S.)

Kyoto reductions relative
to 1990 (not including
U.S.)

0 200

MtC per year
Source: IAEA
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IEA “Energy Technology Perspective 2008” £
®Blue scenario (IPCC & Heiligendamm summit )M ZERKIZ I,
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ETP 2008 analysis
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60 —l Baseline emissions 62 Gt
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Power generation efficiency
and fuel switching (7%)

End use fuel switching
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efficiency (12%)
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