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Historical Trend of Oil Price: Ups and Downs.

price per barrel (real 2010 dollars)
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IEA released SPR three times in its history. 3

Low Oil Price Scenario: What are
Pre-conditions for this scenario?

Figure 4.1 = Average IEA crude oil import price by scenario
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What will happen if Qil Price of $50 per barrel continues well into 2020s? .
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World's largest oil producers iea
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US production has recovered to make it the largest producer. But who will be the
world’s largest producer in 2018 onward, the US, Saudi Arabia or Russia ?

A new balancing item in the oil market?

Change in production (2015-2020) of US tight oil for a range of 2020 oil prices
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Tight oil has created more short-term supply flexibility, but there is no guarantee

that the adjustment mechanism in oil markets will be smooth
6
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Instability in the Middle East
a major risk to oil markets

Oil production growth

in United States, Canada, Brazil & the Middle East IEA data
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The short-term picture of a well-supplied market should not obscure future risks as
demand rises to 103 mb/d & reliance grows on Iraq & the rest of the Middle East

Geopolitics of the Shale Revolution: Strategic
Positioning of Oil / Gas exporters and importers.
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North American Energy Independence and Middle East
Oil to Asia: a new Energy Geopolitics

Middle East oil export by destination
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By 2035, almost 90% of Middle Eastern oil exports go to Asia; North America ’s
emergence as a net exporter accelerates the eastward shift in trade

Net oil imports of selected countries in the
New Policies Scenario (mb/d)

| Should China
and India join
= the |EA?
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OECD China & India

Asia becomes the unrivalled centre of the
global oil trade as the region draws in a
rising share of the available crude
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N. TANAKA

. . 1EE
The Choke Point: the Strait of Hormuz |
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Chubu Electric
muscat | depends 40% of its
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Qatar plays a pivotal role in LNG security

Uncontracted volumes by exporter (bcm)
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Qatar provides more than half of global uncontracted LNG volumes; Flexibility comes
from uncontracted LNG, diversions, re-loads & contracts with open destinations
Global Gas Security Review2016
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Post-sanctions Iran leads OPEC gair
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Natural Gas: Sustainable and
Secured Fuel

N. TANAKA

A new ‘fuel’ in pole position

WEO2016
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Low-carbon fuels & technologies, mostly renewables,
supply nearly half of the increase in energy demand to 2040
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Second wave of additional LNG supply is already coming online »F;;

™

Incremental LNG capacity , 2005 - 2022 (bcm)
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15 new projects with total export capacity of around 140 bcm are now under construction
Australia and the United States account for 75% of them

A wave of LNG spurs
a second natural gas revolution

WEQO2016
Share of LNG in global long-distance gas trade
2000 2014 2040
525 bcm 685 bcm 1150 bcm

Pipeline Pipeline

Pipeline

Contractual terms and pricing arrangements are all being tested as new LNG from

Australia, the US & others collides into an already well-supplied market
18
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The concentration of import growth in Asia continues to redraw the inter-
regional gas trade map, underpinning a fundamental shift in trade flows
away from the Atlantic basin to the Asia-Pacific region

Figure 4.17 == Selected global gas trade flows in the New Policies Scenario ([bcm)

2014 2080 Europe Midde East 0 lapan and Korea
B Russha and Casplan Insa B Other Asia North America
Africa I China B Astnaks South America
Tha g i e Tt preasSor 10 I ALt OF OF Wwer ¥y Over arvy Lerrfiory 10 The Selmmtafion of ovderedDion sl 1o Sen 2ol Bowredar €3 00ad 1o The samer of arvy Lo ony, Oy o 2'ea
The strong import growth in Asio underpins a lundamenlal shift in irade Nows away from the Allanlic basin lo the Asia-Pacific region 9
Map 3.1 Asia-Pacific LNG infrastructure
@ @uie
%" e Senda
(Peple Repubic o) b pen
Sup o
= Dowha Depasg Vogte
-
Ot I-sc Oueese Tages
r bes
® Dy Spdong Dagesg
w. Haear
@t o . .
@ Moyt P [y
e
e @ Ly Nabapsia "™~
> [ Wrsapa
sy @
Segagere LG [ 0regp sesens
o B g
Indonesa .
west Joa 1500 A Dk Pagua New Guisea ING
@ Timor-Leste o
Darws NG
(RN T
Neorth West fhell
L. L
Phata NG

B eyttt i T "y
@ Gintng repadaanss wrmnat Austraia G
O Lgertacsen rmeak wder cosstrocton

o termnal under comtructon

The g 4 wethnd proat i B die of o0 gy v 4y BeE) e barsies f sotstems Wiaten sl beniaw oo B B tene of oy Bem) G0 @ e 20

©ERINA




The Tenth Japan—Russia Energy and Environment Dialogue in Niigata N. TANAKA
China’s Oil and Gas Import Transit Routes:

One Belt and One Road (—#r— &)
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Russian Gas Pipelines Will Extend to the East: Recent China Deal

Russian Gas Infrastructure
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Putin inaugurated the new Icebraker LNG
tanker, “Christophe De Margerie” .
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Possible Pipeline Project from Russia to Japan

Figure 1. Proposed Subsea Pipeline Route*
r

Ishikari

Tomakomai

Sendai
Hirono
Hitachi
Kashima

*Only the Ishikari-Tomakomai section has onshore PL. Estimated volume of 8bcm pa
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Trading hub — Asian-tailored solution?

TAGP and LNG terminals in Southeast Asia
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= Southeast Asian countries are already interlinked by pipeline and plan to
increase these linkages through Trans ASEAN Gas Pipeline (TAGP) and LNG.
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Blue Print for North East Asia Gas & Pipeline Infrastructure:

Dr. Hirata’s Concept

Natural Gas Infrastructure Vision (As of September 2013)

COLLECTIVE ENERGY SECURITY &
SUSTAINABILITY

28
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Collective Energy Security and Sustainability

by Diversity, Connectivity and Nuclear
Energy self-sufficiency* by fuel in 2013
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Note: Does not include fuels not in the fossil fuels, renewables and nuclear categories. 9

Power Grid Connection in Europe:
Collective Energy Security and Sustainability

Physical energy flows between European countries, 2008 (GWh)

- UCTE region
I Synchroncus operation with UCTE region

Total: 334658 GWh

UCTE: 285182 GWh

Values in GWh
I

TR

Source: ENTSO-E
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Connecting MENA and Europe: " Desertec"
visionary “Energy for Peace"

DESERTEC-EUMENA
@) Concentrating
L?“'., Solar Power [Py HYdrO

CSP collector areas
for electricity

das

N. TANAKA
1EE

Source: DESRETEC Foundation 31

ASEAN power grid connection

1) P. Malaysia - Singapore Existing

. CHINA 2) Thailand - P. Malaysia Existing

< Iy 3) Sarawak - P. Malaysia 2015

‘ PR . 4) P. Malaysia - Sumatra 2012
. Hanoi
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6) Sarawak - West Kalimantan 2012

7) Philippines - Sabah 2015
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GOBITECH Initiative
Renewable Energy in Asia through Sun and Wind
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8 Power Bridge Project by Roshydro

Stage | « The construction of the 2-3 Up to 400 MW Installation of underwater cable
(2020) stages of the Sakhalin from Sakhalin island to
Nikolaev TP GRES-2 with the increase of Northern Hokkaido
installed capacity up to 360 (Ishikari/Wakkanai) with a
MW distance of 50-200 km*

« The construction of grid
infrastructure (additional OL,
OL/CL converter station

Nokliki GTES

Gornozavodskaya)
Stage Il * The construction of a large Up to 1000 Installationof underwater cable
(2022) export-oriented generation MW from Hokkaido
"Dolinskaya TPP" (up to 660 (Ishikari/Wakkanai) to Aomori
MW) (Honshu) with a distance of
« Further expansion of the 650-800 km*
network infrastructure
Stage IlI * The connection of the 2-4 GW Installation of a submarine from
(2025) Sakhalin energy system Aomori (Honshu) cable to
with the United Energy Kashiwazaki (Honshu) with a
System of the East by distance of 400 km

Yyzjno-sakhalin TPP underwater DC cable

Total cost for 3 stages in the Russian part of the Project is
estimated at USD 5.7 hillion. excluding costs for the
construction of additional generation in the UES of the East to
increase exports volumes

®  Tokyo

P/S, OL 110 kv
e&— P/S, OL 220 kV
= new OL
W TP OL/CL - transition point of OL/CL, CL — cable line
* - depends on the choice of connection point in Japan 34
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IEE
“Energy for Peace in Asia” New Vision?

Demand Leveling (Time Zone & Climate Difference)
Stable Supply (through regional interdependence)
Fair Electricity Price

Vladivostok
Gobi Desert :

Phase 3

Beijing ,

Chengdu /& = Tokyo

Shanghai? AS i a

Hong Kong Taipei

Super Grid

Delhi Bhutan

Dacca

%EL Bangkok

Mumbai Manila

Kuala Lumpur | N Total 36,000km

Singapore

Presentation by Mr. Masayoshi SON
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Global Energy Interconnection/ GEIDCO by State Gric
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Asia Super Ring

Asia Super Ring

State Grid

Masayoshi SON'’s proposal

N. TANAKA

Rosetti

Softbank
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Lack of Grid connectivity in Japan

1 Generating Hokkaido
Hydro Gas Coal company 9 GW
® oi Nuclear @ Other In-house 4 B06
——  Power utility company =~ — generation 0.6 ” |
1.0 — - GW Tohoku
30 GW
60 hz <------- A
0.9 | 5.0
Chugoku Kansai ’
206w 42 Gw
2.8 — -
«—0.3 3 Tokyo
P 83 GW
. 1.
Kyushu
296W shikoku
12GW
Okinawa Chubu ---9 50 hZ
2GW 40GW

Source: Agency for Natural Resources and Energy, The Federation of Electric Power Companies

of Japan, Electric Power System Council of Japan, The International Energy Agency
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Climate Change: New Challenges to
Energy

39

_ Energy Technélg)gy
| / Perspectives 2017, .

Energy
Technology
Perspectives
2017

Catalysing Energy Technology Transformagions

Catalysing
Energy
Technology
Transformations

40
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Global CO, emissions flat for 3 years — an emerging trend? iea

Global energy-related CO, emissions

Gt 35

30

25

20

1970 1975 1980 1985 1990 1995 2000 2005 2010 2014 2015 2016

ETP2017

IEA analysis shows that global CO, emissions remained flat in 2016 for the third year in a row, even
though the global economy grew, led by emission declines in the US and China

41
How far can technology take us? (iea_\_
Technology area contribution to global cumulative CO, reductions
Global CO, reductions by technology area Gt CO, cumulative reductions in 2060
0 200 400

40 Reference Technology Scenario — RTS
m Efficiency 34%

30

2 degrees Scenario M Renewables 15%
g
520 M Fuel switching 18%
Beyond 2 degrees Scenario — B2DS

1 Nuclear 1%

10
W CCS32%

0
2014 2020 2030 2040 2050
ETP2017
Pushing energy technology to achieve carbon neutrality by 2060
could meet the mid-point of the range of ambitions expressed in Paris
42
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The potential of clean energy technology remains under-utilised

Solar PV and onshore wind

Energy storage

Electric vehicles
Other renewable power
Nuclear
Transport — Fuel economy of light-duty vehicles
Energy-intensive industrial processes

Lighting, appliances and building equipment

More efficient coal-fired power

Carbon capture and storage
Building construction

Transport biofuels

@®Not on track @ Accelerated improvement needed © On track

N. TANAKA

iea

ETP2017

Recent progress in some clean energy areas is promising, but many technologies still need a strong
push to achieve their full potential and deliver a sustainable energy future

43

Can we enact a storage revolution

Installed battery storage and costs under various scenarios

. - 1000
60 000 1 900
- 800

50 000
- 700
40000 | 600

=

G - 500

30000
- 400

20 000
s s 300
L 200

10 000 >
A - 100

. N [l L,
2000 | 2015 2030 2045 2060 | 2015 2030 2045 2060
2DS B2DS

USD/kWh

(iea-

M All other
sectors

W EV batteries

@ Battery costs,
2DS

@ Battery costs,
B2DS

ETP2017

Batteries experience a huge scale-up in the B2DS, with EV battery markets leading other sectors in size

44
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EVs are still on track, _'ieé
Evolution of the global BEV and PHEV stock, 2010-2016

2000
§ 1500
% 1000
”5 500
_§ —
0 _— - I
2010 2011 2012 2013 2014 2015 2016
ETP2017
The global PEV car stock has reached 2 million units in circulation last year,
45
EVs are still on track, but need continued support (i

Evolution of the global BEV and PHEV stock, 2010-2016

2000
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o
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©
$ 1500
o
=
E
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3
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S 1000
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3
=]
3z
[
>
b
° 500
[
el ——
E I
=]
z —
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2010 2011 2012 2013 2014 2015 2016

200%

- 150%

100%

+ 50%

0%

PHEV
BEV
= Others
Germany
M France
M United Kingdom
H Netherlands
® Norway
M Japan
= USA
M China

A EV Growth Rate

ETP2017

The global PEV car stock has reached 2 million units in circulation last year, but sales growth went
from 70% last year to 40% this year, suggesting an increasing risk to start diverging from a 2DS
trajectory. By 2030, RTS means 56million EVs, 2DS 160 million, and B2DS 200 million.

46
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Can we change the landscape of transport ? S

Vehicle sales and technology shares under different scenarios
Light-duty Vehicles (millions) Heavy-Duty Vehicles (millions)
200 25
ETP2017
160 20
120 15
80 10
40 5
0 0 —
2015 RTS - 2060 B2DS - 2060 2015 RTS - 2060 B2DS - 2060
M Gasoline ICE 1 Diesel ICE B CNG/LPG B Hybrids W Electric & FCV
the B2DS would require strong policy signals, such as no emissions zone and
bans on the sale of internal combustion engines (ICEs)
47
A challenging task ahead for CCS (™
Amount of CO, captured under various scenarios
12 000
Rest of world
10 000
mEU
8000
S
3 mIND
=
6 000
B CHN
4080
30 e ————— e
8~ 2009 u MEA
s
10 ceesressorssoro [ ... conivvecs
0 — O
0 2030 2060 ‘ 2030 2060
Today
Today 2Ds B2DS
ETP2017

CCS is happening today, but needs to be ramped up hundreds of times to achieve long-term goals
The role for CCS varies based on local circumstances

48
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Saudi Aramco is worrying
about Peak Demand of Oil. weo2013

Figure 2.5 = World primary energy demand by fuel in the New Policies Scenario

o 5000 Figure 8.5 > Primary energy demand in the 450 Scenario by fuel

]
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2500 Coal
2000 /_/'// 2000 / Bioenergy
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1500 1

1000 L Other Renewables
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500 1 Hydro
—
U T T T T 1
1980 1990 2000 MW m N 00 0%
The Stone Age didn’t end because we ran out of stones. .
Hydrogen as solution: Chiyoda’s Supply Chain Proposal
» Chiyoda established a complete system which enables economic H2 storage and transportation.
* MCH, an H2 carrier, stays in a liquid state under ambient conditions anywhere.
R ---. e N
1
Power Gen. :
City Gas :
Mobility 1
|
b 1
,.
) I
ON
By-Product | = 2 : _ Feedstock
j (?aesfi(f)ircn;:ir:)gn wE T Refining
71 Sy ; Chemicals
(eor AL ool | S 0000
| 4 ¢ N
1 dhy - P 1 Steel Mills :
drog a 1
. i CO2 Recycle
TOL: toluene, MCH: Methylcyclohexane :\ (Reverse Shift) ’I
¢ H2 Supply of a 0.1-0.2mmtpa LNG equivalent scale (M.E. to Japan) could be feasible. CHIYODA
CORPORATION 50
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SUSTAINABLE NUCLEAR POWER

51

ETP2016

50 000 100% Other
Wind
40 000 . 80% STE
Solar PV
30000 -~ 60% Hydro
= mmm Biofuels and waste
E Nuclear
DU | | G Coal with CCS
Coal
10000 . - 20% . Ol
m Natural gas with CCS
0 0% mm Natural gas
2013 2020 2030 2040 2050 Low-carbon share

Notes: STE = solar thermal electricity. Low-carbon share refers to the combined share of the generation of electricity from renewables, nuclear and CCS.
Source: [EA analysis and [EA (2015f), World Energy Statistics and Balances, www.iea.org/statistics.

* 2013 Generation share 2DS 2050

— Fossil fuels: 68% Renewables: 67%

— Renewables: 22% » Fossil fuels: 17% (CCS12%)
- Nuclear:11% Nuclear: 16%
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History of Construction of Nuclear Reactors

35 35% : %,
; First electricity produced Fukushima " Construction starts™
by a nuclear reactor I Daiichi 0% B Non-OECD
il price shock I “Three Mile Island °
| R 0ECD
1 Chernobyl 0
25 a0 25% ..
First nuclear plant Share of total electricity
20 connected to grid I 20 generation** (right axis):
0
; I OECD
15 I | 159 — World
. | '4 — Non-OECD
10 ; 10%
5 I I I 5%
) il Ll I |
I I = I | I I I I II I I. I T I -II |L
1950 1960 1970 1980 1990 2000 2010 WEO02014
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Nuclear capacity grows by 60%, but no
nuclear renaissance in sight

WEO2014
Net capacity change in key regions, 2013-2040
China
India
Russia
United States
Japan
European Union
-20 O 20 40 60 80 100 120 140
GW

Capacity grows by 60% to 624 GW 2040, led by China, India, Korea & Russia; yet the

share of nuclear in the global power mix remains well-below its historic peak
54
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Japan’s power system: moving to a
more diverse & sustainable mix

WEO2014
Japan electricity generation by source and CO2 intensity
< 1.2 - - 600 <
= historical projected S Renewables
S~
© N Nuclear
510 500 S
3 ® m oil
2
— 0.8 400 Gas
0.6 300 m Coal
= CO, electricity
0.4 200 er.n|55|orfs intensity
(right axis)
0.2 100
1990 2000 2010 2020 2030 2040

With nuclear plants expected to restart & increased use of renewables,
Japan’s electricity mix becomes much more diversified by 2040
( Renewables 32%, Nuclear 21%, gas 23%, coal 22% )
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Nuclear power: public concerns
must be heard and addressed weozo1s

Retirements of nuclear power capacity

Spent nuclear fuel
1990-2040

1971-2040: 705 thousand tonnes
1990 2000 2010 2013 2020 2030 2040

European
50 Union
100
Russia
38% of today’s
150 i
capacity to retire SUILER Japan
by 2040

=
© 200

B European Union United States Japan Others

Key public concerns include plant operation, decommissioning & waste managegﬁﬁg;

By 2040, almost 200 reactors are ?f)'gf# fuel doubles 6
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Generations of Nuclear Energy

Generation |

L Earseer—

Early Prototypes

- Dresden
- Magnox

1950

- Shippingport

1960

Generation Il

Generation | [

| Advanced LWRs

- CANDU B
- PWRs - System 80+
- BWRs - APG00
- CANDU
1970 1980 1990

Generation IV

Generatian I+ Revolutionary

E

Evolutionary Designs

- Safe
- e - Sustainable
- ABWR :
- Economical
- ACR1000 - ;
- Proliferation
- AF1000 Resistant and
- APWR Physically
-EPR Secure
- ESBWR
2010 2020 2030

hittp:lfwwrw.gen-4.orgiTechn olegyfevolution.htm 57

JMENTARY
OU THINK?"

SRR AL ADAETY AWARDY WOMATED D (YO8 SOSENT L1 00

PANDORAS PROMISE

AT THE BOTTOM OF THE BOX SHE FOUND HOPE

“Pandora’s Promise”, a
movie directed by Robert
Stone, is a documentary of
environmentalists who
changed their views about
Nuclear Power.

IFR (EBR2) story comes up
as missed opportunity.
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IEE
Time for Safer, Proliferation resistant and Easier o

Waste Management Paradigm:
Integral Fast Reactor and Pyroprocessing

Pyroprocessing was used to demonstrate the
EBR-II fuel cycle closure during 1964-69

Dr. YOON IL CHANG

Argonne National Laboratory
Assembly Dismantling
and Reassembling (AIR CELL)

‘

Fuel Trar;sfer Corridor
Reactor Vessel
Fuel Pin Pyroprocessing
and Refabrication (ARGON CELL)
IFR has features as Inexhaustible Energy Supply ,Inherent Passive Safety ,Long-term Waste
Management Solution , Proliferation-Resistance , Economic Fuel Cycle Closure.
High level waste reduces radioactivity in 300 years while LWR spent fuel takes 100,000 years.
59

Passive Safety was proven by the 1986
Experiment very similar to the Fukushima event.

Loss-of-Flow without Scram Test in EBR-II

PREDICTION
® @  MEASURED DATA

April 1986

Dr. YOON IL CHANG
Argonne National Laboratory

| T L T
0 100 200 300 400 500
TIME INTO TRANSIENT, s
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Technical Rationale for the IFR

v~ Revolutionary improvements as a next
generation nuclear concept:
— Inexhaustible Energy Supply
— Inherent Passive Safety
— Long-term Waste Management Solution
— Proliferation-Resistance
— Economic Fuel Cycle Closure
v~ Metal fuel and pyroprocessing are key to
achieving these revolutionary improvements.

v Implications on LWR spent fuel management

61

Transuranic disposal issues

of the disposa

10000

Transmutation Separation
of minor actinides of Puand U E

/

100 |

Spent Fuel
300 Years 9,000 Years 300,000 Years -

-t
o

Relative Radiotoxicity

[ Natural Uranium Or P

| ;
Pu, U, and Minor Pu, U Remov; E
\\-*i Actinides 8 \::‘\\\ﬁ

Removed

PR | N 4 4 eaggl " P P | " P
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e |
100

-
o

Removal of uranium, plutonium, and transuranics makes a
300,000 year problem a 300 year problem

Copyright 2011 GE Hitachi Nuclear Energy Americas LLC
All rights reserved 62
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Pyroprocessing costs much less than

Aqueous Reprocessing

Capital Cost Comparison (Smillion)
Fuel Cycle Facility for 1400 MWe Fast Reactor

Pyroprocessing Aqueous
Reprocessing

Size and Commodities

Building Volume, ft3 852,500 5,314,000
Volume of Process Cells, ft3 41,260 424,300
High Density Concrete, cy 133 3,000
Normal Density Concrete, cy 7,970 35-40,000

Capital Cost, Smillion

Facility and Construction 65.2 186.0
Equipment Systems 31.0 311.0
Contingencies 24.0 124.2
Total 120.2 621.2

S-PRISM Nuclear Steam Supply System

NATLIRAL
AIR GIRCULATION

GE-Hitachi
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Korea is eager to build fuel cycle by IFR under

the revised 1-2-3 Agreement with US

‘08 11 16 20
- I | - T
2)  Specific SAR(“17)

I.n. "‘I

Concept Design(*

SFR B |

Advanced System
Design Performance

\ ] Concept Test

- .,

| . S '
Specific Detailed Prototype
Design Design Plant

Pyro Feasibility Prototype
Joint Determination{%ﬂ) Facility(‘zvs)

N PRIDE (“12) Wy

Korea-USA Joint Fuel Cycle _
Study 'l

! !

Pyro-
process

\ J TO (1] e n
evelo| ent an 0C|
uj i

SCGI Conference, UC Berkeley, October 2-3, 2012 65

Proposal to Demonstrate IFR and
Pyroprocessing at Fukushima Daini

Melt downed fuel debris and contaminated equipments will
likely stay in Fukushima, though nobody admits so.

* Pyroprocessing is the most appropriate method for treating
debris.

Pu and MA from Debris and Spent fuels be burned in IFR.
Electricity is generated as by-product.

High level waste of 300 years be stored rather than disposed
geologically while decommissioning of units be cemented for
years.

Fukushima Daini (Second) Nuclear Plant of TEPCO is best
located to demonstrate GE’s extended S-PRISM.

International joint project of Japan-US-Korea will provide
complementing regional safeguard for global non-proliferation
regime.

Provides ground for extension of Japan-US 1-2-3 Agreement in
2018 by demonstrating complemental fuel cycle options.
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International Conference on “Sustainability of Nuclear Power and the Possibilities of New Technology”
organized by the Sasakawa Peace Foundation (SPF) on November 18, 2016.

Technical Feasibility of an Integral Fast Reactor (IFR)

as a Future Option for Fast Reactor Cycles
-Integrate a small Metal-Fueled Fast Reactor
with Pyroprocessing Facilities -

November 18, 2016

Nuclear Salon
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5. Research Results

Amounts of fuel debris and nuclear materials from the TEPCO Fukushima Daiichi
NPS (estimated)

[Unit 1] [Unit 2 ]

The distribution fraction of
heavy metals (TRU+U+FP)
is estimated to be as shown
by the numbers to the right in
red based on analyses using
the SAMPSON code™?

Almost all of the molten fuel has -Some of the molten fuel has fallen to the bottom of the RPV plenum or to the
fallen to the bottom of the RPV PCV pedestal, and some fuel still remains in the core.

plenum and almost none of the fuel -It is estimated that more fuel than originally thought has fallen to the bottom
is left in the core. of the PCV at Unit 3

Assumed states of the Unit 1~3 cores/containment vessels*!

The amount of debris and primary composition has been estimated as follows based upon the amount of fuel, number of
control rods, and the remaining amount™ of structural material in each reactor.

[Unit 1] [Unit 2] [Unit 3]
Amount of core region debris (Approx. 120 tons): 0 Approx. 100 tons Approx. 20 tons
Amount of MCCI debris (740 tons): Approx. 260 tons Approx. 170 tons Approx. 310 tons

*Main composition of core region debris that fused/mixed with core structure material (SUS, Zry): (U,Zr)O,, SUS-Zry alloy
*Main composition of MCCI debris that fused/mixed with concrete outside the pressure vessel: (Zr,U)SiO,, CaAl,Si,Oy, etc.

® As the average fuel composition for debris in Units 1~3, we used the composition at the time when void reactivity is
the most severe, a maximum minor actinide ((MA) neptunium, americium, etc.) content rate and the largest number of

years since the disaster within the published data.
STransuranium element (TRU : Pu+MA) mass is 1.94 tons, and heavy metal (HM) mass is 251 tons
* 1:Excerpt from 1%t Progress Report on the Estimate of the Status of the Fukushima Daiichi Nuclear Power Station Units 1~3 Core/Containment Vessels and the

Deliberation of Unsolved Issues,”from TEPCO website.
* 2:Masanori Naito, “Analyzing Accident Event Escalation using the SAMPSON Code,” Atomic Energy Society of Japan Fall Symposium, September 11, 2015. 68
* 3:T. Washiya et.al, Study of treatment scenarios for fuel debris removed from Fukushima Daiichi NPS, Proc. of ICONE-23, May 17-21, 2015, Chiba, Japan
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Technical Feasibility of an Integral Fast Reactor (IFR)

v" The concept of an integral fast
reactor (IFR) consists of
reprocessing the fuel debris,
fabricating TRU fuel, burning it
in a small MF-SFR and recycling
the spent fuel by reprocessing

SUBASSEMBLY DISMANTLING
AND REMANUFACTURE (AIR CELL)

v" Amount of heavy metals (HM),
such as uranium, present in fuel
debris: Approx. 250tons and
TRU elements account for
approximately 1.9tons.

CORRIDOR

FUEL TRANSFER

/ Conﬁguratlon EBR-TI REACTOR VESSEL
* AMEF-SER with inherent safety e
features (reactor output: Concept diagram of an IFR that combines a fast reactor with a
190MWt_) . fuel recycling facility
* Application of a metallic fuel (Example: Argonne National Laboratory Experimental-Breeder Reactor
pyro-processing method that EBR-II and fuel cycle facility (FCF))

makes debris processing

. (Source:Y. I. Chang, “Integral fast reactor — a next-generation reactor concept,” in Panel on future of
pOSSIble- nuclear Great Lakes symposium on smart grid and the new energy economy, Sept. 24-26, 2012.)
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Debris Processing Scheme and TRU Reductions

® An assessment of TRU burn-up performances showed the originally estimated debris processing period of 15 years
could be shortened to 10 years.

® The 1.9 tons of TRU present in the debris will be reduced to a total of 1.2 tons in 25 years after the launching the IFR
including that remaining in the reactor and that existing in the spent fuel. Since the amount of TRU required to
constantly fabricate fuel after this point will be insufficient, it will be necessary to procure TRU from external sources
in order to continue continuous operation of the reactor.

250

Initial loading fuel Recovered uranium (stored)

Amount of heavy metals
and FP (t)

’/TRU, FP
1] 4p> IZI»-»|||| 20 RN (B[ R—
Debris Metal Reprocessing/ ’ Fabrication of initial |After the TRU contained in debris is
Fuel loading fuel (4 years) burned in the reactor it becomes spent fuel

conversion fabrication oo -----.

|, [n]u D) R

/ |

%]

The spent fuel is recycled mto new fuel
and burned thereby reducing the
amount of TRU

Metal Reprocessing/ New fuel IFR
Debris Fuel
conversion (small metal-
fabrication

fueled reactor)

Spent fuel

o
n

* Spent fuel

Inside the reactor

Commencement of
reactor operation

=

Amount of TRU elements (t)
=
n

v |
[~ @-1

Reprocessing/ New fuel IFR
Fuel
fabrication (small metal-

fueled reactor)

Spent fuel

10 20 P30
. . . 10 years 'Number of years of operation
Concept diagram of debris processing scheme 3 %
53 years

IFR operatlon and TRU reductions 70
©ERINA




The Tenth Japan—Russia Energy and Environment Dialogue in Niigata

N. TANAKA

Evaluation of Construction Costs for Reactor and Fuel Cycle Facilities

[Reactor]

® A small MF-SFR with the thermal output of 190MWt (electrical output: 70MWe) was estimated:

*Decision on the major plant specifications, created general main-circuit system schematics,
conceptual diagrams for reactor structures, and conceptual diagrams for the reactor building layout
*Estimated plant commodity with referencing commodity data from past designs.
*JAEA’s evaluation code for construction cost is adopted.

®Results: Approx. 110 billion yen (construction unit cost: Approx. 1.6 million yen/kWe) (However,
there is much uncertainty in these values since the system design has not yet been performed.)

[Fuel Cycle]

® A tentative assessment of the overall construction costs of pyroprocessing facilities capable of
reprocessing 30tHM/y and fuel fabricating 0.72tHM/y was done as follows:

* The number of pieces of primary equipment were estimated based upon the processing capacity of
primary equipment after determining a general process flow and material balance.
* A general assessment was made by referencing recycle plant cell volume and building volume

from past researches

® Assessment result: Whereas the construction cost of these facilities may be able to be kept at
approximately several tens of billions of yen, there is much uncertainty in regards to reprocessing
facilities and since design aspects have not been examined, it is necessary to refer to assessment
values made during other design research into facilities with similar processing capabilities.
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Application of an IFR cycle to the existing Japanese nuclear fuel cycle

| Light water reactor cycle |

Uranium mining

U

PUREX reprocessing

Fuel manufacturing

& 1)
gy
/
[
Enrichment
UI |
\_i::

L-MOX

| Metallic fuel FBR (IFR) cycle |

Pyroprocessing

i & Al High-level
\Uoz Reduction to metal // ~ \.{w LY '?Nasze
\ MOX gy
Light water / Ur Pu| MA. FP
reactor f Used“‘m( . Metallic fuel U.Pu,MA
by - FBR (IFR)
g =, b L
U, Pu, MA, FP X
—an
il e PUMA g
e L\;‘ —ﬁ =
MOX reductonometa U =PU 1 Fuel manufacturing
—— .
High-level waste liquid B e U.PU.MA
*
IPYTEPEESESITE, ‘ Dry recycling / Pyroprocessing technology

High-level waste

Figure 6: Fuel cycle concept using Pyroprocessing technology

(30 ) Joumnal of the Atomic Energy Society of Japan Vol. 52, No. 7 (2010)

Central Research Institute of Electric Power Industry: Tadafumi Koyama, Takanari Ogata
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Radioactive High-level Waste Disposal or Storage

Finland Model:

=== Olkiluotp Nuclear Power
we..  Plant and Onkalo nuclear
= spent fuel repository

HQ of Teollisuuden Voima
Oyj Utility which owns
Olkiluoto Nuclear Power
Plant exists in the Plant site.
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Legend of Admiral Rickover: Success of LWR for
nuclear submarine has crowded out Fast Reactors

©Pandora's Promise, LLC
BMSRIREE © A ILAT A1 R
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Does Japan desire to continue to be a tier-one
nation, or is she content to drift into tier-two

status?
U.S.-Japan Alliance Report by Nye & Armitage

(2012/8/10)
For such an alliance to exist, the United States and Japan will need to come to
it from the perspective, and as the embodiment, of tier-one nations. In our
view, tier-one nations have significant economic weight, capable military
forces, global vision, and demonstrated leadership on international concerns.
Although there are areas in which the United States can better support the
alliance, we have no doubt of the United States’ continuing tier-one status. For
Japan, however, there is a decision to be made. Does Japan desire to
continue to be a tier-one nation, or is she content to drift into tier-two status?

Energy Security

(Nuclear) Understandably, the Fukushima nuclear disaster dealt a major
setback to nuclear power. The setback reverberated not only throughout
Japan, but also around the world. Japan has made tremendous progress in
boosting energy efficiency and is a world leader in energy research and
development. While the people of Japan have demonstrated remarkable
national unity in reducing energy consumption and setting the world’s highest
standards for energy efficiency, a lack of nuclear energy in the near term will
have seriolis renerciussions for .JJanan.
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I DLE. BE
( Fukushima, the Beautiful)

FERIFETHMERICAEYFELL, fAILYELBASWRFLIZHRYEL, BEIFER
DEFRMDI=OIZFES> TN LW BREDTI o, BULNITLELMEE
BoTLFECLBETIA. I oIRMELLORBERE T, HRADRMTHE
BREANBEORED-OIZFESTNVFZMICEEIE TNIELEBEDRIAEA
BEIRTHHERKLFLS=,

SEMABBMLGRIFREILFIEFNT, ELBLICAITTEZEFTLSB0LMLD
M RBEDABIET 2 ERRLTELDLEEBNET,

R, BhHROBELEZFN T, REIERNEHICHO TR TEFHOED
EERBVHLEL, BPRHROBEL, BIZEDORERLTFLEZENEHSE DD
DTL = ZORILGHEEZEA N =DIEDHDTTY , HUNESITETNET,
EHORET. BERDFvyFaE—IL ELLVBEWSIEKRT. [5D4LE. 18
E1E21=DTY . FHEIZ, TORREI—LEELHAFE L=, FAITRIEHEAMTIC
RLTEVSIEKRT, DT LE. BEITOLLDTIEELD, ThIFRLTEAR
SORETEREL BEDBYLERNFET , FELERICRAITTREKRO TV
FZE-UOL. SHATELIEAHBNIE PO E TWEITNIEELRNET, FAlE
SREEZEETI N, BRGKMI(EABYET DT HEDHKRITIITHIE
DHBE0. FENBKRVATE P> THAENER->TLET,
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Statement by Dr. Takashi NAGAI after Nagasaki atomic
bomb. "How to turn the devil to the fortune."

Dr. Takashi Nagai, a Professor at Nagasaki University in 1945 when the
atomic bomb was dropped, exemplifies the resilience, courage and
believe in science of the Japanese people. Despite having a severed
temporal artery as a result of the bomb, he went to help the victims
even before going home. Once he got home, he found his house
destroyed and his wife dead. He spent weeks in the hospital where
he nearly died from his injuries. But just months after the atom bomb
dropped, he said:

“Everything was finished. Our mother land was defeated. Our university had collapsed
and classrooms were reduced to ashes. We, one by one, were wounded and fell. The
houses we lived in were burned down, the clothes we wore were blown up, and our
families were either dead or injured. What are we going to say? We only wish to never
repeat this tragedy with the human race. We should utilize the principle of the atomic
bomb. Go forward in the research of atomic energy contributing to the progress of
civilization. Devil will then be transformed to fortune.( Wazawai tenjite Fukutonasu) The
world civilization will change with the utilization of atomic energy. If a new and fortunate

world can be made, the souls of so many victims will rest in peace.”
77
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