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Top 10 Global Problems
for next 50 years (2003)

. Energy

. Water

. Food

. Environment

. Poverty

. Terrorism &war .

Disease — 28

. Education AW v
. Democracy N

0. Population

HLDOO.\IO\U'I-hUUNI—\

The Richard E. Smalley Institute, Rice University, USA
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11.8 tril. USD 4.8 trjl. USD 2.8 tril. USD | 2.1 ril. USD

Energy Market by Key Sector* ...
Global Korea (1.6% GDP share)
6,845 54.8 (0.8%)
2,955 12.3 (04%)
432 0.3 (0.07%)
1,448 32.5 (2.2%)

*Source: DataMonitor Research, 2009 Korea National Statistical Office
Copyright 2012 Accenture. All rights reserved.
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Primary energy consumption per capita 2013

Tonnes oil equivalent

0-1.5
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Per Capita Energy
Use for Selected Countries
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102 TW
O.ll:l:-lj.” |:||EH .|.L|_9_0|_ O.”uxlg AH I_l_-g_ Z-\IO|_|7|'? US Equivalent
45 TW

W. Europe Equivalent

33TW

Historical Trend
Bulgaria-Malaysia

16 TW

'6I'_:|x|.| Craig Piercy, FAS/GABI 2012 Workshop, July 26, 20122050
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World consumption
Millicn tonnes il sguivakant

B Coal 13000
B Renewablas
B Hydroslectricity
B Muclear energy
B Matural gas

m G

MF:32.9%

AMEF 30.1%

MATIA: 23.7%
=2 6.7%
IR 4.4%

KHAY: 2.2%

BE By a0 at a2 a3 a4 ab BE a7 = as o0 o o2 o3 04 1137 oe o7 o8 o9 10 4] 12 13 o

20114 o X| & T 7| AHAEE
Al == A El= UK 2 2tHd=

MEL 41.3%
HMATIA: 21.9%

+==: 15.8%
LIX: 11.7%
M 48%
7|E}: 4.5%
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Consumption by ragion
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Consumption by region

Wil tormes il equivalent Coal mpﬁmhrmghu
matres

B Asia Pacific il

 Africa B Aest of Worid

W Middle East W Asiz Pacific

M Europe & Eurasis & Europe & Eurasia

B S & Cent Amarica W North America

1 North Amarica

MNuclear energy consumption by region
fefdbon tponeoil eguratsnt

Other renewables consumption by reglon

hihon ionnes ofl soueien:

W Rest of World

B Asia Pacific
W Eurpe & Eurasia
1 North America

Hydroelactricity consumption by region
Fdliar: sormes il squealent

W Asiz Pacific
I Africa

B Middle East
B Europe & Eurasia
B 5. & Cent. Amenica
1 MNorth America




100 99% World Primary

F - -
| F Energy Substitution
10+ 90% 1997
wood coal
11 50%
0.1110%
001, AT C Ll 7
1860 1900 1940 1980 2020
= Oil = coal == gas
== hydro = nuclear renewables

N. Nakicenovic, IIASA, 1984
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Summary of energy-related severe
accidents and related fatalities (1969-2000)

OECD Non-OECD

Ecr::.ﬁ_l Y Accidents | Fatalities Faéi:z:sf Accidents | Fatalities Faé?‘rﬂ:::sf
Coal [is 2 259 0157 1044 18 017 0.597
Coal (data 819 11 334 6.169
for China
1994-1999)
Coal (without 102 4831 0.597
China)
Oil 165 3713 0.132 232 16 505 0.897
Natural Gas 90 1043 0.085 45 1000 0111
LPG 59 1 905 1.957 46 2 016 14.896
Hydro 1 14 0.003 10 29 924 10.285
Nuclear 0 0 = 1 3™ 0.048
Total 390 8 934 1 480 72 324
MNote: * These are iImmediate fatalities only.

Comparing Nuclear Accident Risks with Those from Other Energy Sources, NEA No. 6861, OECD, 2010
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Intermittency and variability of the wind

— Require additional reserves of “conventional” capacity to compensate.
— Only limited forecasting is possible for wind power.

— It becomes expensive if expansion of the high-voltage and extra high-

voltage grid infrastructure is required.

— Expansion of wind power makes the grid more unstable.
Wind turbine towers have adverse environmental impacts.
— Destructive impact of construction/Land-use

— The spinning blades kill birds and bats
Others

Concerns about jobs, tax benefits, and property values
Concern over the flicker of reflected light and shadow.
Lighting at night.

Ice buildup on blades

Dripping and flinging off of motor oll

Damage by fire, lightning, malfunction
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(euro-cents/kwh)
5121 of 8¢ et [ze [Jacc [anz [goz (=22 2=
(Lignite) PV
Ol F| o5t 08 |10 |03 02 |04 [005 |0.04
xS Al -0.03 [-0.03 |-0.01 |0.0008 |-0.003 |0.0005 |0.0004
N 0.02 [0.02 |0.007 [0002 [0.01 |0.0001 |0.0007
A2 0.0006
AL B 02 |08 004 |0 004 |0 0
S(UCHYE LS
R2us 16 |2 0.8 003 |03 [003 |0.03
st | 26 |38 |11 02 |08 [009 [0.07

Source: A. Voss (2000)

18




Estimated Levelized Cost of New Electric Generation, 2018
Report of the Energy Information Agency (US DOE), January 2013

U.S. Average Levelized Cost for Plants Entering Service in 2017
(2010 USD/MWHh)

Capacity | Levelized i el - e
Plant Type Factor Capital Olgflsl (in?litcl:l\{ln T{:CST'SS'O: LSys'tlgm q
(%) Cost cue g estmen evelize
uel) Cost
Conventional Coal 85 65.7 4.1 29.2 1.2 100.1
Advanced Coal 85 84.4 6.8 30.7 1.2 123.0
Advanced Coal with CCS 85 88.4 8.8 37.2 1.2 135.5
Natural Gas Fired
NG: Conventional Combined Cycle 87 15.8 1.7 48.4 1.2 67.1
NG: Advanced Combined Cycle 87 17.4 2.0 45.0 1.2 65.6
NG: Advanced CC with CCS 87 34.0 4.1 54.1 1.2 93.4
NG: Conventional Combustion Turbine| 30 44.2 2.7 80.0 3.4 130.3
NG: Advanced Combustion Turbine 30 30.4 2.6 68.2 3.4 104.6
Advanced Nuclear 90 83.4 11.6 12.3 1.1 108.4
Geothermal 92 76.2 12.0 0.0 1.4 89.6
Biomass 83 53.2 14.3 42.3 1.2 111.0
Wind? 34 83.3 13.1 0.0 3.2 86.6
Wind-Offshorel 37 70.3 22,4 0.0 5.7 221.5
Solar PV12 25 130.4 9.9 0.0 4.0 144.3
Solar Thermal? 20 214.2 41.4 0.0 5.9 261.5
Hydro? 52 78.1 4.1 6.1 2.0 90.3

INon-dispatchable (Hydro is dispatchable within a season, but nondispatchable overall-limited by site and season)

2CActc are avnrecced in tarme nf net AC nnwer availahle tn the orid far the inctalled Franacitv



UK energy costs for different
generation technologies

Technology Cost range (£/MWh)
Biomass 60-120
Coal with CO2 capture 100-155
Natural gas turbine, no CO2 capture 55-110
Natural gas turbines with CO2 capture 60-130
New nuclear 80-105
Offshore wind 150-210
Onshore wind 80-110
Solar farms 125-180
Tidal power 155-390

UK levelised generation costs, Parsons Brinckerhof, 2010
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Global Greenhouse Gas Emissions by Gas Global Greenhouse Gas Emissions by Source
[IPCC 2007] [IPCC 2007]

Waste and
F-gases 1%

9 wastewater 3%
Nitrous
Oxide
\ 8%

Forestry
17% Energy supply
26%

VEAGEGE \
14%

Carbon Dioxide
(fossil fuel use)

Carbon Dioxide
(deforestation, decay of 57%
biomass, etc) ;

17%

Agriculture

14% Transport
13%

Industry
19%

Residential &
Commercial buildings

O X[ M AF (26%), AFRIH (19%),
WELCH (13%), 42 (8%) — & 66%
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Greenhouse Gas Emissions from Electricity Production

1400
1200 HHighrange ofl L4 K| Lifecycle CO,
__ HIZ [g/ kWh]
1000 OLowrange — MEF} 790-1,182
gramsco; 800 +— — Mo ~
e(|uivale|it ] i 800
WWh 600 18z MATIA 390-510
400 +— |0 — 731 H}O|OHA 15-101
200 — e EHFed 13-730
IO 15 13 124 7 £ 2 a2 —
0 S S —— Zaq 7-124
iz FE 0 w2 e 89 = 3 2 A= 2-59
53 §§° Ezz %% s
A °85 g e = 32 2-48
2 =

Source: IEA 2000



Effect of CO2 Emission Costs

8.0
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E 7.0 ¢
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Figure 3 Cost of generating electricity with respect to carbon dioxide emission costs. (Zero to £30 per tonne)
The Cost of Generating Electricity, Commentary, UK Royal Academy of Engineering, 2004






Radioactivity in Nature and NPPs

In nature, ~1300 nuclides are present. About 1/5 (275
nuclides) are stable. The remainder are unstable.

All nuclides with Z greater than 83 (Z=83, Bi) are radioactive.

Natural radioactivity:
— Earth’s crust: ~1.68 x10* Ci (Inside of earth, 1.68 x10° Ci (?))
— Ocean: 4.16 x10!! Ci

Radioactivity in nuclear reactor:
— 1.5x10%° Ci in a 1000-MWe PWR

Release from nuclear power plants:
— 1.4x108 Ci (5200 PBq) Chernobyl
— 2.7x107 Ci (<1000 PBq) Fukushima

— <7x103 Ci (per year) in a 1000-MWe PWR (85-90% atmospheric
release)



Radiation Exposure

Background radiation exposure
— 22 x10° person-Sv per year (natural and man-made include)
— 17 x10° person-Sv per year (Natural)

During an operating license period of 1 nuclear reactor
— ~20 person-Sv (over 100 years)
— ~ 80 person-Sv (over all time)

TMI accident (1979.3.28)

— Total of 20 person-Sv
— 1/800 per reactor-years accident frequency

Chernobyl accident (1986.4.26)
— 0.6-2.4 x10° person-Sv
— 1/3,300 per reactor-years accident frequency
— 1992-2000, ~4000 thyroid cancers in Belalus, Russia, and Ukraine (0-18yr; Average thyroid dose
among evacuees 490 mSv)

Fukushima accident (2011.3.11)

— Total amount of I-131 and Cs-137 released ™~ slightly over 10% of what was released from Chernobyl
— 1/4,830 per reactor year accident frequency

— Average radiation dose among Fukushima area residents: expected to be less than 10 mSv

— Children’s average thyroid dose in the region: 4.2 mSv (max 23 mSv)

— Adults’ average thyroid dose in the region: 3.5 mSv (max 33 mSv)



Regions of high background radiation

Average Annual Effective Dose from Natural

* India: The coastal belt of Karunagappally, Kerala Soures
— Known for high background radiation from thorium- Kerla Coast india 11250
containing monazite sand. vangiang, China | 1630

U.5. Average 2.00
Halifax 2.50
Wordwide Average 240

— Residents receive 1,300-1,500 mrem (13—15 mSv) per yr.
— Some dose rates are as high as 3,000 mrem/yr (30 mSv).

— The excess relative risk of cancer excluding leukemia was Edmonton N 2 40

estimated to be: -0.13 Gy (95% Cl: -0.58, 0.46); Canadian Average [ 1.77

Leukemia was not significantly related to HBR. W ontrel [N 1 62

e China: The Guangdong province i
— Annual effective dose: 1.25 — 3.08 (2.13, mean) mSv/y blecle -
. . . . 0 2 2 ] 3 10 12 14

— Relative risk of all cancers in high background areas: A

0.9959

* Jran: Ramsar's Talesh Mahalleh district

— The most radioactive inhabited area known in the world,
due to nearby hot springs and building materials

Mean chromosome aberration per cell
among residents in HBRA (Ramsar)
and NBRA in Iran

originating from them. o025
— A combined population of 2000 residents from this o { i

district and other high background radiation area (HBRA) £°
receive an average radiation dose of 10 mGy per year, -

B non-irrad
156y




Nuclear Power: Its Social Connection

Key for energy security for some countries
Highly resource intensive
National political support - prerequisite

Considered a symbol of commitment to growth,
consumption, high technology, and centralized control and
development

Potential for rapid social transformation

Potential for catastrophe

Public perception and attitude

Concern over nuclear waste

International concern over nuclear proliferation

Impact on neighboring countries and international relations



Nuclear Power Plants in the World

Total Number of Reactors: 449 In Operation 449
UNITED STATES OF AMERICA

FRANCE Under construction 60

JAPAN

— Net capacity (Mwe) 392,116
KOREA, REPUBLIC OF

OiA Reactor-yrs operation 17,152

CANADA
UKRAINE # [AEA PRIS (2017.6.6)
UNITED KINGDOM el it
SVEDEN
GERMANY
BELGIUM
SPAIN
CZECH REPUBLIC
SWITZERLAND
FINLAND
HUNGARY
PAKISTAN
SLOVAKIA
ARGENTINA
BRAZIL
BULGARIA
MEXICO
ROMANIA
SOUTH AFRICA fica |

ARMENIA America - Latin :
[RAN, ISLAMIC REPUBLIC OF . Bl Operational

NETiERADS smerica-Nocrerr [ oo e
SLOVENIA . Shutdown
seis-For oot |
0 20 40 60 80 100 Under
Number of Reactors Asia - Middle East and South _ Construction

Europe - Central and Eastern _
Eurcpe-viester |

0 20 40 60 B0 100 120 140

Nuclear Pewer Plants, 2013-01-18




Current Reactors: Ownership & Operating

Capacity

MNuclear Entities: Ownership, Operating GWs + Under Construction |bubble size)

LIAE MDA RUEEIA i
Gov't CHIMA
owned =9 —@ i 9 o
“ Soweraign
" @ Tva SOVEREIGN Cnﬂs-::ulacsm
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Gmd s DUEKE 0 20 30 {0 50 60
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Walter Howes, “Global Nuclear Energy Initiative and 123 Agreements,” Seminar on US-ROK Nuclear Cooperation, Seoul, Korea, July 10, 2013
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New Reactors: Where’s the Growth?...
Asia, MidEast

i
MNuclear Entities: Ownership, Operating GWs + Under Construction (bubble size)

-
=UE

Size of bubble =
Reactor GWSs now
Lnder construction
RLESIA
FRAMCE
Soversign
& Consolicated
" . oo Mega-ulility
5 Swed i 0 : - -
= edan bR SOVEREIGN Sovereigns dominate new builds.
= Tnig::; l;‘f- quarrer | [*————_| USAand Japan built their fieets of
E — reactors in smaller regional utilities,
= . 5 Korea rather than in national enterprises.
3 (51%)
gllz I
e
E Finland & Spain Hwé; “Empty Quarter”
g Canads utilities
o

@ lapan regionals Frivate Owrershin

Belgium Q
¥ Cansolidated Mega-Utilmy

ETR
OKG [SW) @ @
(5w} DoM [us. Regional Litility]

Prate | gy ve, o T .
1 T L]
DWMd Y 10 0 30 A0 53 80 Fli
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I
I
I
I
I
Kansai i
|
I
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Operating Capacity =2

Tatal GWs Operating

Walter Howes, “Global Nuclear Energy Initiative and 123 Agreements,” Seminar on US-ROK Nuclear Cooperation, Seoul, Korea, July 10, 2013



Nuclear Energy: Market, Political, Social elements

National or regional decisions about nuclear energy are not based solely on market
economics. They entail high level political decision-making and societal level commitment.

From Shell Scenarios, 2005
WEC "Energy Trilemma”
« Economic development Efficiency
+ Environmental impact Market
and Security incenti

« Social equity and access

Security
Coercion

Social cohesion
Regulation

Aspirations to
equity

Walter Howes, “Global Nuclear Energy Initiative and 123 Agreements,” Seminar on US-ROK Nuclear Cooperation, Seoul, Korea, July 10, 2013



Global nuclear expansion (post-Fukushima)

A . Central & South East Asia & Middle
mericas Western Europe Eastern Europe Asi .
sia Oceania East
Argentina Finland Armenia India China Iran South
Brazil France Czech Rep. Pakistan South Korea UAE Africa
Canada Netherlands Hungary
Nuclear Me?(ico Spain Romapia Taiwan
power United Sweden Russia
States United Slovakia
states . .
Kingdom Slovenia
Ukraine
Belgium
Germany
Chile Italy Belarus Bangladesh Indonesia Egypt Algeria
Dominican Poland Georgia Malaysia Jordan Ghana
Rep. Kazakhstan Saudi Kenya
Aspiring Haiti Mongolia Thailand Arabia Morocco
nuclear Peru Sri Lanka Vietnam Turkey Namibia
power Uruguay Albania Myanmar Kuwait Niger
states Venezuela Croatia North Korea Syria Nigeria
(nuclear Bolivia Singapore Yemen Sudan
newcom Jamaica Israel Uganda
ers) El Salvador Qatar Libya
Senegal
Tanzania
Tunisia

Red: Cancelling plans; Green: Continuing with plans; Black: No evidence;

Updated from S. Sagan (2014), Nuclear Power: Expansion vs. Spread
Post-Fukushima 2013, NEREC Conference on Nuclear Nonproliferation 33
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(Public deaths) 10 20 5

5 A

(Occupational deaths) 30 20 10 30 5 10
= 20 20 40 50 10 40
(Morbidity)
FX| 2la3
(Unknown risk) i 60 20 50 80 40
1 IT A
S 2|A3 50 50 40 20 90 10

(Dread risk)
Baruch Fischhoff, et al., "Defining Risk” Policy Sciences, 17, 123-139, 1984.
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JI=X| ME | 7HSX| ME | 7HEX| ME | 7HEX| ME
A B C D
QHOl AL (.33 0.40 0.20 0.08
(Public deaths)

AN Ap2 0.33 0.20 0.05 0.04
(Occupational deaths)

A 0.33 0.20 0.05 0.40
(Morbidity)

2X g3 0 0.10 0.30 0.24
(Unknown risk)

SE 223 0 0.10 0.40 0.24
(Dread risk)

oHA| 1 1 1 1

Baruch Fischhoff, et al., “Defining Risk” Policy Sciences, 17, 123-139, 1984.
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— Enrico Fermi’s nuclear reactor (1942)
— “Siting and Containment” (1940s)

— Use of engineered safeguards, under Defense-in-
depth (1950s - 70s)

— Importance of human error and operator training
(1980s)

— Importance of safety culture (1990s)

— Beyond Design Basis Accident and Severe Accident
Management (2011 -)
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Safety Performance of US NPPs
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NPP Construction Cost

EXHIBIT 1: NUCLEAR CONSTRUCTION COST ESCALATION: REACTORS COMPLETED EEFORE AND AFTER TMI

a‘.'I!Il'n.l'nlzmig,_'l'l.t Costs
20095/ kw
SO0

8000 -

T000

000
S000 -

000

FELLLLSLIESSSSLEPEFIEESESLES

& Pre-TM| W Post-TMI

Source: Mark Cooper, Policy Challenges of Nuclear Reactor Construction: Cost Escalation and
Crowding Out Alternatives, Institute for Enersy and the Eavironment, Vermont Law School,
September, 2010




Public Attitude toward Nuclear Power in the US

Ficpare 1. Public Attitudes Towand Bulldng Muclear Power Mants in the Unived States
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Public Acceptance of Nuclear Power, E. Rosa, 2001
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— True Risk

— Estimated Risk

— Perceived Risk
* Human Dimensions on Risk

— Based on “Perceived Risk” rather than “Estimated Risk”
. 2|A3 e

— Political processes control the implementation of risk
management decision making

— Political decisions are reflections of the public’s risk perception



c| 23 J0f Cfet FHE2 &5 S7Iett

e Greater potential for catastrophe than it was in the
past, due to the complexity, potency, and
interconnectedness of technological systems.

- 7|22 RHO =2 TS Fdet A= (7L
+ AFRIS S 2XI7HE| D 7HEIZ0| BOLE 2 9l2
70| HOIX| D2 B|ATE HL [ 20t50|7| &
= O 2tLY.

“The richest, longest-lived, best-protected, most
resourceful civilization, with the highest degree of insight

into its own technology, is on its way to becoming the
most frightened." [Wildavsky, 1979].
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— Assessing risk, that is predicting the probabilities and consequences of events
(scientific pursuit)
— Judging safety, that is judging the acceptability of that risk.
* Social acceptability can be informed, but not decided, by science and technology.
* Social acceptability is personal and social value judgments.

“Failure to appreciate how safety determinations resolve into two discrete
activities is at the root of many misunderstandings.”

DSIA S 0| AX2 0TS WD EEE £ OlrkD M2tste A2y
O] L.” “Scientists cannot measure whether something is safe, because the
methods of the physical and biological sciences can assess only the

probabilities and consequences of events, not their value to people.”

“Scientists are prepared principally to measure risks. Deciding whether
people, with all their peculiarities of need, taste, tolerance, and
adventurousness, might be or should be willing to bear the estimated risk is
a value judgment that scientists are little better qualified to make than
anyone else.”



[ Z2| 2|23 0|s

2 ATIE 251X o 2 0|slfsict.
isol Bl =8 2780t= w28 7|+
— &2|F9|: to provide the greatest social welfare/safety

— WE=Z9|: to provide equal protection, equal opportunity, and equal
access to due process

isS0| 2|23 F Q145 2 E

— People simplify

— Once people’s minds are made up, it is difficult to change them.

— People remember what they see.

— People cannot detect omissions in the risk information they receive.
— People disagree more about what is risk than about its magnitude.

— People find it hard to evaluate expertise.
Ar2| A 2| A3 FE}F | O E



A systematic Classification
of Risk Perspectives

Ortwin Ren

n, 1992

Realist Methods Social Constructivist Methods
Risk Mathiod Actuarial Toxicology ! | Probabilistic Risk| Economics of | Psychology of | Social Theories of | Cultural Theory
Approach Epidemiology Analysis Risk Risk Risk of Kisk
— — ; — —— - - Pﬂfﬂﬂ|m
Modelled Exp&cladr Synthesized Subjective
Base Lini Expected Valus Value Expected Value Expected Utility Expacted Utility Fairn&ﬁs-anﬂ Shared Valuss
Social Contaxt
Predominant . Experiments | Event & Faull Risk-Benefit ; Surveys | Grid-Group
Method Extcapoiation Population Studies| Tree Analysis Balancing PayChometics Structural Analysis Analysis
Scope of Risk - : Individual .
c ‘e UF‘II-'H"EI'“SE| Haa[t'h& Env Silfet',r Universal Perception Social Interests | Cultural Clusters
Risk Dimensions One One One COna Multiple Multiple Multiple
Basic Function Averaging over Space, Time, Context Prefarance Aggragation Social Relativism
Relevance to -
Limitations Pradictive Power Humans / C'DT:FUHMTHE - Conr:lrrunl Social Relevance|  Complaxity Communicability
Background Noise
Policy Making and Regulation
; Health / Env. Safety : . i
Major Applications Insurance Protection Engineering Decision Making Risk Communication
— Conflict Resolution
Early Hazard Warning
Instrumental Risk Sharing | Standard Setting Impraving Resource Individual Equity, Fairness, | Cultural Identity
Function Systems Allocation Acceptance Faolitical
Acceptance

Social Function

Assessment

Risk Reducticn and Policy Selection
{Coping with Uncertainty}

Paolitical
Application
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“Rank the risks from the following activities (from most risky to
least risky)”

* Alcohol, commercial aviation, construction,
contraceptives, fire fighting, food
preservatives, handguns, motor vehicles,
motorcycles, electric power, nuclear power,
pesticides, police work, private aviation,
smoking, spray cans, surgery.



College Students [Slovic, 1987]

©ONOU A WNE

. huclear power
. handguns

smoking
pesticides
motor vehicles
motorcycles
alcohol

police work
contraceptives

. fire fighting

. surgery

. preservatives

. Spray cans

. construction

. private aviation
. commercial aviation
. electric power
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Experts [Slovic, 1987]

. motor vehicles
. smoking

. alcohol

. handguns

. surgery

. motorcycles

. X-rays

. pesticides

. electric power

. swimming

. contraceptives

. private aviation

. construction

. preservatives

. bicycles

. commercial aviation
. nuclear power



Ordering of Perceived Risk

[P. Slovic, Perception of Risk, V.236 Science, 1987]

Activi League of Active
or v Wogrunen College club Experts
students
technology Voters members

Nuclear power 1 1 8 20
Motor vehicles 2 5 3 1
Handguns 3 2 1 4
Smoking 4 3 4 2
Motorcycles 5 6 2 6
Alcoholic beverages 6 7 5 3
General (private) 7 15 11 12

aviation
Police work 8 8 7 17
Pesticides 9 4 15 8
Surgery 10 11 9 5
Fire fighting 11 10 6 18
Large construction 12 14 13 13
Hunting 13 18 10 23
Spray cans 14 13 23 26
Mountain climbing 15 22 12 29
Bicycles 16 24 14 15
Commercial aviation 17 16 18 16
Electric power (non- 18 19 19 9

nuclear)
Swimming 19 30 17 10
Contraceptives 20 9 22 11
Skiing 21 25 16 30
X-rays 22 17 24 7
High school and 23 26 21 27

college football
Railroads 24 23 29 19
Food preservatives 25 12 28 14
Food coloring 26 20 30 21
Power mowers 27 28 25 28
Prescription antibiotics 28 21 26 24
Home appliances 29 27 27 22
Vaccinations 30 29 29 25
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Perceived Risk Characteristics of Various Sources of Risk
(with respect to Factor 1 (Dread Risk) and Factor 2 (Unknown Risk))

FACTOR 2: =2005 ®2011
UNKNOWN RISK

SOLAR ELECTRIC POWER @
@ CIL RESEARCH

@ EARTH ORBITING SATELLITE
@ SPACE EXPLDRATION
FOOD IARADIATION @

SERS @ ,
FOOD COLOURING ¢ LASERS NUCLEAR POWER o
SODIUM NITRATE® & LAETAIL
FLUGRESCENT LIGHTS @ @SACCHARIN ] Ha

WATER FLUGRIDATICN® 00O PH:SEHVATIVES
CCSM.ETFES‘ -MAﬁrJUANA o @  ®CHEMICAL DISINFECTANTS Soarooc VN Ve T
NON-NUCLEAR ELECTRIC POWER
MICROWAVE OVENS @ Hvoﬁoewmc POWER

. ORAL CDNTRACEPTWES o LIOUIDNATURAL GAS st Word ink about nucl mlnd
HAIR BYES ASPIRIN®

Percantage of respondents

=

Disaster ' Energy  War Good Bad Other Facilities Waste

ASBESTOS @ ® CHEMICAL FERTILISERS When you think about nuclear power
DIAGNDSTIC X-RAYS & HAU!ATEDN THEHAPY

®HERBICIDES

FOSSIL ELECTRIC PUWEH PEST . «007 “Disaster", w Bad”
CHRISTMAS TREE LIGHTS % ESTICIDES
[ ]

FACTOR 1;
SKYSCRAPERS OREAD RISK
. OSSTI .
Lo ANTIBIUT!CS ‘e | LALLM S e
OME APPLIANCES . VAUUM
® HOME GAS FURNACES o DARYON® BRIDGES NERVE GAS @

TRACTORSw @ ANESTHETICS -
MUSHRODM HUNTING  ROLLER COASTERS o JUMBD JETS S NUCLEARWEAPONS @
PRECNANCY CAKDE TG % O g Ly OPen HEART SURCL NATIONAL DEFENSE @
POW N .FIHEWORKS
OWERLAWNMOWERS® sipringe 'nmmonns * COMMERCIAL AVIATION

RECREATIMM NG RUOLS @4 GENERAL AVIATION® T @MORPHINE TERRORISM ®

HOME POWER ® TOOLS BOXING AMPHETAMINES @ ® BARBITURATES
*

BICYCLES #F00TBALL SMOKING® o eRgiy
MUTURCYCLES DYNAMITE ® WARFARE e

DEWNHILL SKING @ 'MOUNTAIN CLIMBING CRIME @
HUNTING

JOGGING PRESCRIPTION GRUGS
lSU!\IBATHINGO 'VAC[ZINATIUNS hd

-1-.:1.:;.]
LI L A A S s

® POLICE WORK

ALCOHOLIC BEVERAGES ® L4
MCTOR VEHICLES. O FIREFGHTING

RANDGUNS @



Perceived Risk Characteristics:

Factor 1 (Dread Risk) and Factor 2 (Unknown Risk)

CONTROLLABLE

NOT CREAD

NOT GLOBAL CATASTROPHIC
CONSEQUENCES NOT FATAL
EQUITABLE

INDIVIDUAL

LOW RISKTO FUTURE GENERATIONS
EASILY REDUCED

RISK DECREASING
VOLUNTARY

DOESNT AFFECT ME

NOT OBSERYABLE

UNKNOWN TO THOSE EXPOSED
EFFECT DELAYED

NEW RISK

RISKS UNKNOWN TO SCIENCE

e

e
(OBSERVABLE
KNOWN TO THOSE EXPOSED
EFFECT IMMEDIATE
0LO RISK
RISKS KNOWN TO SCIENCE
FACTOR 2

,‘J’a
UNCONTROLLABLE
DREAD
GLOBAL CATASTROPHIC
CONSEQUENCES FATAL
NOT EQUITABLE
CATASTROPHIC
HIGH RISK TO FUTURE GENERATIONS
NOT EASILY REDUCED
RISK INCREASING
INVOLUNTARY
AFFECTS ME
FACTOR ¢
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How to Affect Public Risk Perception

e How to address “Unknown”
— Certainty
— Observability

* How to address “Fear”
— Reducing fear appeal
— Information sharing
— Controllability
— Consequence mitigation

— Trust building



Pathways to a strong future for Nuclear Power

Passive Safety

New Emergency Capabilities

Small Modular Reactors (SMR)

Integration of renewable and nuclear power
National path forward on nuclear waste
Fukushima and nuclear safety

Advanced reactors

Strong university programs

Pete Lyons, “Achieving Wider Global Acceptance of Nuclear Power in Climate
Change Mitigation”, KAIST, October 7, 2016.
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*  Cost for Energy Import: 174 B$(33.1% of Total Imp01t)l % 1990s : 10 % / yr
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121*

Uranium 0.7

<TOE based, 2014>

Share of Fojsil Fuel:
83.9%
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rank

(source : KEEI)

» Oil : USA>China>Japan>India>Korea ... 0"'-17“ =8 AH| HF ¢t (1980 -> 1990 -> 2012 %)
» Coal : Japan>China>Korea>India>Taiwan ami6Ll-> 538 -> 382
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Year: 2013 Unit: Mtoe Highest ten -~
China 2,013
United States 2,187
India 819
Russia 730
Japa:n 455
Ge;n.mny 323
Brazil 293
South Korea 267
Cémada 254
F;ance 253

5 MEH A4

1 L=

Year: 2013 Unit: Mt

ot =y O L X| 2H]

T H7| ~H[E

Year: 2013 Unit: TWh

Highest ten -

China 4,600
United States 3,819
Japan . 923
India . 857
Russia 856
Can.alél.a 559
Ge;many 525
Brazil 509
SOII-..'IU'I Korea 503
Fra;nce 164

Highest ten =

China 3,588
United States 845
India 828
Germany 252
ﬁllgsia 211
| J-_apan 186
:.;-:nul:h Africa 182
:Fl’nland 137
| jﬂ.ustralia 135
;Sl:ml:h Korea 127

Total CO, H{ =&

Year: 2013 Unit: MtCO2

=)
x

CO, HiE

=
5 Q8 AHY

o TrTr

Year: 2013  Unit: Mt Highest ten ~
United States 759
China 456

: Japan 189
India 166
Russia 149
Braz"il 119
Ger-many o8
Sal.r;li Arabia 95
Can-al:la 92
South Korea 20

Highest ten -~

China 8,502
United States 5,101
India 2,011
Russia 1,661
Japan 1,186
Gerll;nany 764
Sl::lll.ltl'l Korea 584
Iran 561
C;"anada 519
S:audi Arabia 516
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Self-sufficiency [%]

160' | = Energy self-sufficienc:

y (without nuclear power)
(including nuclear power)

140 | = Energy self-sufficiency
120

100

80

60

40 ) ool

20 2

*|EA, Energy balance of OECD countries 2011
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(Unit : 10,000 KRW/drum)
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disposal) disposal) disposal)  geological geological  disposal)  geological

disposal) disposal) disposal)

o UK canada
Energy/GDP
(TOE/X 24, PPP)
France 0.09
Germany 0.08
Japan 0.08
Korea 0.22
UK 0.07
USA 0.14
OECD 0.11
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Ocean 0.0%

JKH"“Oill—‘IJEI SHESE
mmm
28 ZZ HZS (A 258 273 298 324 608
AlH (B) 243 250 261 275 - :

(A-B) 0.15 0.23 0.37 0.49
b= M3k AIX S H A 7[=70E S 0|82 S 7=l (2009~2030), K| A EH 2
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EQ X2 AMAL (0f)

T =2 -1 O L.
Installed power at October 29, 2014

Net installed capacity rating

GW
40 IETEN -G
30 27.853 GW  28.439 GW
21.206 GW
20
12.068 GW
8.153 GW
- 5.619 GW
Uranium Brown Coal Hard Coal Gas Wind Solar Biomass Hydro power

® wind power: 35.062 GW onshore; 616 MW offshore

Graph: B. Burger, Fraunhofer ISE; data: Bundesnetzagentur and AGEE (Biomass, Hydropower)
5

| -
~ Fraunhofer
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Electricity production
First eleven months 2014

Electricity production: first eleven months 2014

TWh
140
120
100

129.3 TWh

90.7 TWh

83.3 TWh

42.6 TWh 48.6 TWh
29.0 TWh 32.4 TWh

16.8 TWh

Uranium Brown Coal Hard Coal Gas Wind Solar Biomass Hydro power

http://www.ise.fraunhofer.de/en/downloads-englisch/pdf-files-englisch/news/electricity-
production-from-solar-and-wind-in-germany-in-2013.pdf

Graph: B. Burger, Fraunhofer ISE; data: European Stock Exchange EEX, energetic corrected values
6

\

~ Fraunhofer
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Detailed Electricity Production
March 2014

Actual production

MW
70,000
60,000
50,000
40,000
30,000
20,000
10,000

Sa So Mo Tu We ' Th Fr Sa So Mo Tu We Th Fr Sa So Mo Tu We Th Fr Sa So Mo Tu We Th Fr Sa So Mo
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Legend: [l Hydro [ Biomass [l Uranium [l Brown Coal [l Hard Coal M Gas H Pumped Storage Wind Solar

--- - Gas [WPSEN Wind Solar

min. power (GW) 0
max. power (GW) : ! 248 23.0
weekly energy (Twh)  |IEECIN NN NS N2 IEET 46 33

Graph: Bruno Burger, Fraunhofer ISE; Data: EEX Transparency Platform and German Federal Statistical Office
91

\

~ Fraunhofer
68



Demand and residual load [GW]

=H5l(residual load)of| O]X|= AlXH 40 L{X| 9}

ad Sk
O o
50% Renewables scenario (35% of VRE) 80% Renewables scenario (62% of VRE)
100 T 100 ,
80 80
60 - 60
a0 | 3
20 - ”I 1 I —% ’
’ iminiiL . T
-20 | i (.E: S Ll | |
40 | | |
-40 & I | —Demand load
0 —Demand load [ 'l H ”| — Residual load
—Residual load 80 T T T T T T T T T T T T T T - - .
80 : . ‘ ‘ i . ‘ ‘ . . E . ‘ : : : ; 0 1000 2000 3000 4000 ) .SUUG 6000 7000 8000
0 1000 2000 3000 4000 5000 6000 7000 8000 Marco Cometto, OECD-NEA
Hour [h]
Quantitative analysis performed by IER Stuttgard based on modelling of the German electricity system
50% AMX{AH (35% HEAM AMXjAMO|LX]) AlLt2]| 80% 1ZHd (62% HSE MY HLAX]) AlL}E|2
%|Cf 27 GW =1} A (minus peak) / 250 GWh %|c 78 GW X3} M4F /6,4 TWh MEH2ZF Y

o N3gY Ta
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Renewables

(wind and solar) Low Coal

Demand

Willian D’haeseleer, KU Leuven Energy Institute

ATHABO| L X| 7F AT = o 2
o HE ™) S O™

7| 0k1) AT Of X 12| HMEMof i E 4 i SoIshuHel Za
2)%0| O GX|Z 9[3) 7|24 8 S7} (0K HEEA| 5)*

*Z= X System Effects in Low Carbon Electricity Systems, Marco Cometto, OECD-NEA
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Short-run efficiency (5 - 60 &)
- MEZE B A[AH ME[E KR 5,

AN 7ts7tstt A T & 7tsH[E g ez YA =
— A =00 [E 58 +E XA (real-time balancing)
Long-run efficiency (4 - 20 )
- wHeE goly Mu|gY U oYY MelYA 1%

— Z[CHFSl(peak) 2 EH|EE AtO[S] HEo =E

GJH| = (back-up) £ ZZ= ZHA 20 HRY

A 7L (power mix)O[ A MIY SO X|] =83 EZ*

(*Synergies between Nuclear & Renewable Energy Sources
,Francoise Touboul CEA France)
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Al ct= A Q1712 (Eu2] o))

Intermittency: defined as “variable” and “partly unpredictable”

t

=X FEOHX| A & =8 ACER)

o MIXN £=QHNEX| X (demand response) &f 2
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William D’haeseleer(KU Leuven Energy Institute), INL workshop, 2016
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(1842, 1.85km)

Kim Seokwoo, Korea Institute of Energy Research, 2016
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80-200° LSightyvater,Reactor:

100 200 300 400 500 600 700 800 900 1000
_LWRs Process temperature,® C

B vRs > (INL)
‘ AS M R R **Lower temperature reactors can
» support these applications via heat

Gte for Autonomous Small Modular Reactor Research I'ecuperation and tOpping.
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Nuclear Renewable Hybrid Energy System (NRHES)

Example

U BH(BTL) -

HXIE HS

-1 H7| U Al S=

[1et BIATIRE T B RE Hdl— STELWY 610/82/E AL 8~ HEE WA IJ 2 2E
= QESH OFSoLH WA IS & OHEE O LHA] YA B S
U.S Navy, M A MZ(/ER)E 0|8 Az EEXHE0| ChH|SH0], 37| & 80| CO2 =&,
20| Hox=E> Aotz (7FE 2 O 0 ERE) YA 7tsd AEST

(*Nuclear-Renewable Hybrid System Economic Basis for Electricity, Fuel, and Hydrogen,

85
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Hybrid Example: Gas-to-Chemicals/Fuels

SMR: Small Modular Reactor Renewable (REN)

Energy Storage

|
I
1
|
I
Element (ESE) West |
(e.g., Battery) Texas : point of
e . | | COMIRLON
Primary Heat | coupling Reauired
; | e quir
Generation (PHG) \ % 1 | Generation (RG)
(SMR) Thermal-to-Electrical E0-45 MWe! |
' Conversion (TEC) L (RP: 20%) : - 180 MWe
steam P electricity 1 (]\
5 owWer h 4 L >
Cycle Pl e
- AEELER : Velectricity
= |
5 g Co
600 MWt 2 | |
i
L
0 — 150 MWt ;
et i e o e 7 i T o et T T DTy el T T DAL B A el A i e 1 LT s AT o Tt 1
£ Chemical Plant Complex (CPC) |
Carbon Source - = :
(Natural Gas) 150 -0 MWt |
Auwiliary Heat steam : ——————— I
Chnoratiin W 5| Gasoline Production 1 NS
(AHG) Plant | __ i emi roducts
T :
Natural Gas g GPP) : | (gasoline, LPG) |
= = i I | |
1 T T




Hybrid Example: Desalination

SMR: Small Modular Reactor

Renewable (REN)

Solar PV, |
Energy Storage =
Flement (ESE) Ce;t:iral—?routhern
(e.g.. Battery) Arizona | pointof
- =] | COMIFMON
Primary Heat | coupling .
Generation (PHG) B | | Req}nred
: | = 2l Generation (RG)
(SMR) Thermal-to-Electrical S 0-30 MWe! | —
Conversion (TEC) S ®P-14%) , .
Sieatn -8 Power 4 g ey : .,_(I\
Cycle PI 7 S |
FoRA \ Teleetricity
|
|
electricity : |
L
15 - 45 MWe :
| et e e e e e e e e e e s g e e s e e e e et S e e 1
__________________________________________________ i
Fresh Water Production Plant (FWPP)
1
Storage |
|
A 4 Fresh water o : | |
Saline Feedwater Reverse Osmosis = Fresh wat |
raia N _ TR (— resh water
(RO) brine *I I
= |

33% turndown (15 - 45 MWe)
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Nuclear Hybrid Energy *
Systems - Regional
Studies: West Texas &
Northeastern Arizona

Project# 32133, 29412
Humberto E. Garcia

Jun Chen

Jong S. Kim

Michael G. McKellar
Wesley R. Deason
Richard B. Vilim

Shannon M. Bragg-Sitton
Richard D. Boardman

April 2015
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Nuclear-Renewable
Hybrid Energy Systems:
2016 Technology
Development Program
Plan

Idaho National Laboratory

Shannon M. Bragg-Sitton, Richard Boardman,

Cristian Rabiti, Jong Suk Kim,
Michael McKellar, Piyush Sabharwall, Jun Chen

Oak Ridge National Laboratory
M. Sacit Cetiner, T. Jay Harrison, A. Lou Qualls

March 2016
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ROK Economic Development (GDP Changes) vs.
Installed Nuclear Generating Capacity
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