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Low Qil Price Scenario

Figure 4.1 = Average IEA crude oil import price by scenario
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What will happen if Oil Price of $50 per barrel continues well into 2020s?



Unprecedented wave of investment cuts
in the upstream oil and gas industry

World Energy
Investment
2016

Global upstream capital spending 2010-2017
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Cost deflation, efficiency improvements and reduced activity levels might lead
for the first time to three consecutive years of investment decline



Instability in the Middle East
a major risk to oil markets

Oil production growth

in United States, Canada, Brazil & the Middle East IEA data
mb/d+15
Increase to 2040: 14 mb/d
+1 Middle East
. |l||“|“|“|

\ Canada

Net decline in output from other producers

2014 2020 2030 2040

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



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



A new ‘fuel’ in pole position

WEO2016
Change in total primary energy demand
1990-2015 2015-2040
v 2000
)
= Rest of
world
1500
Japan
European
Union
Latin
America
1000
500

Coal Oil Gas Low- Coal Oil Gas Low-
carbon carbon

Low-carbon fuels & technologies, mostly renewables,
supply nearly half of the increase in energy demand to 2040



A suite of tools to address energy security

WEO2016
Net oil imports
United States European Union China Japan
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Reduction in net oil imports
due to:

“ Switch to electric and
natural gas vehicles

Switch to renewables

Efficiency improvements
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The energy transition provides instruments to address traditional energy
security concerns, while shifting attention to electricity supply



A wave of LNG spurs

a second natural gas revolution
WEO2016

Share of LNG in global long-distance gas trade
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Contractual terms and pricing arrangements are all being tested as new LNG from
Australia, the US & others collides into an already well-supplied market
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Geopolitics of the Shale Revolution: Strategic
Positioning of Qil / Gas exporters and importers.
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China’s Oil and Gas Import Transit Routes:

One Belt and One Road (—%— &)

(U) China’s Import Transit Routes/Critical Chokepoints and Proposed/Under Construction SLOC Bypass Routes
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Russian Gas Pipelines Will Extend to the East: Recent China Deal

Russian Gas Infrastructure

N Producing region — Existing gas pipeline
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The boundaries and names shown and the designations used on maps included in this publication do not imply official endorsement or acceptance by the IEA.

Source: IEA
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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)
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Collective Energy Security and Sustainability
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Power Grid Connection in Europe:
Collective Energy Security and Sustainability

Physical energy flows between European countries, 2008 (GWh)
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“Energy for Peace in Asia”

New Vision?

Demand Leveling (Time Zone & Climate Difference)
Stable Supply (through regional interdependence)
Fair Electricity Price
Vladivostok
Gobi Desert A i
Beijing seoul § Phase 3
Chengdu = =_-=__=T=_ Tokyo )
Delhi Bhutan Shanghai As I a
=l el Gy per Grid
Mumbai Bangkok Manila

Kuala Lumpur |

Singapore |

Total 36,000km

Presentation by Mr. Masayoshi SON
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Global Energy Interconnection

Transcontinental Grid'Interconnection of

Asia, Europe and Africa
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Asia Super Ring
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Masayoshi SON’s proposal



Lack of Grid connectivity in Japan
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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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Japan’s power system: moving to a
more diverse & sustainable mix

WEO2014
Japan electricity generation by source and CO2 intensity
< 1.2 - - 600 <
E historical projected 2 Renewables
S~
-r% 1.0 | - 500 O Nuclear
3 “ moil
2
— 0.8 - 400 Gas
300 m Coal
= CO, electricity
200 er.n|53|or?s intensity
(right axis)
100
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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% ) 21



Coal: a rock in a hard place

WEO2016

Coal demand in key regions

s |

United States - ]
Change 2014-2040:

India - Decreasing demand

Increasing demand

European Union . -

Southeast Asia .
Japan -CJ

The peak in Chinese demand is an inflexion point for coal; held back by concerns over
air pollution & carbon emissions, global coal use is overtaken by gas in the 2030s
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The Shale Gas revolution in the US achieved Win-Win-Win.
The US is the sole winner of the energy market.

GDP (MER)

Total primary energy demand

CO, emissions

| |[EA data

Gas demand

Gas-fired power output
Coal demand
Coal-fired power output

Renewable
S

30% -20% -10% 0% 10% 20% 30%  40%
From 2008-2013, United States CO, emissions went down by 7% due to coal-to-gas

fuel switching, power generation efficiency gains & increased renewables output
23



United States holds a strong position
Oon energy costs WE02014

Weighted average cost of energy paid by consumers

S/toe 2000
1500

2008

2013
1000

m 2040

500 l
European Japan United China India
Union States

Economies face higher costs, but the pace of change varies: China overtakes the US,
costs double in India & remain high in the European Union & Japan
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A 2° C pathway is still some
further efforts away

&5 40
Baseline

36 N
Energy efficiency

32 Fuel & technology
switching in end-uses

28 17.9 Gt Renewables
Nuclear

24 B CCS

450 Scenario Other
20
16 [ [ [ [ [ [ |

2010 2015 2020 2025 2030 2035 2040

A peak in emissions by around 2020 is possible using existing policies & technologies;
technology innovation and RD&D will be key to achieving the longer-term goal.
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Global progress in clean energy needs to
accelerate

Technology Status today against 2DS targets
Electric vehicles
Solar PV and onshore wind
Other renewable power
Nuclear
More efficient coal-fired power
Carbon capture and storage
Biofuels

Transport
Industry ETP2016
Buildings
Appliances and lighting

Energy storage
@ Accelerated improvement needed @ On track 26

@® Not on track

Global clean energy deployment is still overall behind what is required to meet the
2 ° Cgoal, but recent progress on electric vehicles, solar PV and wind is promising



Greater policy support boosts

prospects for solar PV and wind
WEO2016

Solar PV and wind generation, 2040

< 4000 6000
= =
= = Additional in the
2 °C scenario
3000 4 500
[P Increase in WEO-2016:
B Rest of world
2 000 I 3 000
United States
China
1000 1500
WEO-2015
Solar PV Wind power

Stronger policies on solar PV and wind help renewables make up 37% of electricity
generation in 2040 in our main scenario — & nearly 60% in the 2 °C scenario

27



The next frontiers for renewables
are heat and transport

WEO2016
Renewable energy use by sector
Mtoe 1200
900
Additional
600 to 2040

W 2015

300

Electricity Heat Transport

Today renewables in electricity and heat use are nearly at par;
by 2040, the largest untapped potential lies in heat and transport



Sustainable transport systems: oot

a cheaper way to provide service

USD trillion

Urban transport investments

8 Vehicles
7 Internal combustion engine
6

Electrified
5
4 ..................................................

Infrastructure

3 ..................................................

Parking and road
2 ..................................................
1 B Metro and light rail
0

In the 2DS, by 2050 one billion cars are electric vehicles
while public transport travel activity more than doubles
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No peak yet in sight, but a
slowdown in growth for oil demand

WEO2016
Change in oil demand by sector, 2015-2040
mb/d 6
3
0 —.—-—-
-3
Power Buildings Passenger Maritime Freight Aviation Petrochemicals

generation cars

The global car fleet doubles, but efficiency gains, biofuels & electric cars reduce oil
demand for passenger cars; growth elsewhere pushes total demand higher
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Impact of 450 ppm
Scenario on Oil Market  weo 2013

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

5000 Figure 85> Primary energy demand in the 450 Scenario by fuel
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The Stone Age didn’t end because we ran out of stones.

31



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.
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CO2 Recycle 1
|
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* H2 Supply of a 0.1-0.2mmtpa LNG equivalent scale (M.E. to Japan) could be feasible. cco'l{tl!(YRQTlIJUAI
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Still a long way from a pathway to

energy sector decarbonisation
WEO2016

Energy-sector CO, emissions

Gt 40
centra) scenartd
30
Early peak in emissions
20 Net-zero by the end of
the century
10

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Current pledges fall short of limiting the temperature increase to below 2 °C;
raising ambition to 1.5 °C is uncharted territory
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Sustainable Nuclear Power

34



Global electricity generation mix in the 2DS, 2013-50 ETP2016

50 000 100% Other

/ Wind
40 000 - 80% STE

[ Solar PV

30000 Ceo% o Hvdo
- I Biofuels and waste
E JE— Nuclear
20000 40% Coal with CCS
[ Coal
10 000 - 20% s Ol
B Natural gas with CCS
0 0% B 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: IEA analysis and IEA (2015f), World Energy Statistics and Balances, www.iea.org/statistics.

Key point Today fossil fuels dominate electricity generation with 68% of the generation mix;
by 2050 in the 2DS, renewables reach a similar share of 67%.

e 2013 Generation share 2DS 2050

— Fossil fuels: 68% Renewables: 67%

— Renewables: 22% Fossil fuels: 17% (CCS12%)

— Nuclear:11% Nuclear: 16% e



History of Construction of Nuclear Reactors

35
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by a nuclear reactor I Daii|chi
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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 0 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
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Generations of Nuclear Energy

Generation |

- Shippngpor’t
- Dresden
- Magnox

1950 1960

Generation |1l

[

Advanced LWRs

Generation 1l

Commercial Power

Early Prototypes

- CANDU 6
- System 80+
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Evolutionary Designs
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- ACR1000
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- EPR
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2010 2020
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- Safe
- Sustainable
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2030

GenlVv

http:/iwww.gen-4.orgiTechnology/evolution.htm 3 8



*"WHEN WAS THE LAST TIME YOU SAW A DOCUMENTARY
THAT FUNDAMENTALLY CHANGED THE WAY YOU THINK?"
OWEN GLEIDERMAN, ENTERTAINMENT WEEXLY

(ACTUAL SIE)

F O™ ACADENY AWARD NOPINA TEO DS CTOS ROBERT 7 0%

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 (EBR?2) story comes up
as missed opportunity.

39



Time for Safer, Proliferation resistant and Easier
Waste Management Paradigm:
Integral Fast Reactor and Pyroprocessing

Pyroprocessing was used to demonstrate the

EBR-Il fuel cycle closure during 1964-69

Assembly Dismantling
and Reassembling (AIR CELL)

Fuel Transfer Corridor
Reacto‘r 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.
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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

Dr. YOON IL CHANG
Argonne National Laboratory
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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

0 100 200 300 400 500
TIME INTO TRANSIENT, s
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Pyroprocessing equipment and facility are compact
More favorable capital cost and economics

Pyroprocessing

Aqueous Reprocessing
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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

Dr. YOON IL CHANG

Size and Commodities

Building Volume, ft3 852,500
Volume of Process Cells, ft3 41,260
High Density Concrete, cy 133

Normal Density Concrete, cy 7,970

Capital Cost, Smillion

Facility and Construction 65.2
Equipment Systems 31.0
Contingencies 24.0
Total 120.2

Argonne National Laboratory

5,314,000
424,300
3,000
35-40,000

186.0
311.0
124.2
621.2
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LWR Pyroprocessing

— | " One-time processing of
"J‘ - .},. s |‘
35 tons e T * " 700 tons of LWR spent fuel
T X 2 575 tons
. BN { provides long-life fuel supply

Fission il Uranium

Products
Initial 80 tons Uranium
Inventory 10 tons Actinides

.\ R\ \

: Annual Budget E
I
' I
Disposil | 1000 MWe E v
(300-year ! IFR i
lifetime) ' !
I
I
: 12.0 tons U 10.5 tons Uranium :
| 15tons 2.0 tons Actinides |
: Actinides 1.0 tons Fission Productq'
I
| :
: I
1 l 1.5 tons
1.0 tons , 1 Uranium Makeup
Fission ! - :
I . .
Products 1 On-site Pyroprocessing :
I

H 0.5 tons excess actinides

For new IFR startup
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Transuranic disposal issues

Transmutation Separation
of minor actinides of Puand U

-
o
o
o

A

100

Fission

Spent Fuel

Relative Radiotoxicity

Products |
10 t 300 Years 9,000 Years 300,000 Years—s
| }
1 Natural Uranium Or P
Actinides ’
Removed
o 3 P S e | 2 M ; 3339l ) y 3 3 1331 ) P
10 100 1000 10000 100000 1000000
Year

AC Removal of uranium, plutonium, and transuranics makes a
HIT. HI 300,000 year problem a 300 year problem

Copyright 2011 GE Hitachi Nuclear Energy Americas LLC 47
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S-PRISM Nuclear Steam Supply System

RT3y

AT b )
.){E'..'gffﬁ’

NATURAL
AIR CIRCULATION

GE-Hitachi
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Application of an IFR cycle to the existing Japanese nuclear fuel cycle

Light water reactor cycle Metallic fuel FBR (IFR) cycle
Uranium mining Fuel manufacturing Pyroprocessing
| @V, B Q>
' b MOX - /
U Enrichment |_|ght water \ / U Pu MA F
s i reactor Y
] S 5 Metallic fuel
Ry L-MOX b el EBR(FR) U.Pu,MA
Y Ny
U.Bu. WA, FP X
CY ﬂ UPuMA

PUREX reprocessing MOX Reduction to metal U = PU 1 Fuel manufacturing

High-level waste liquid ,. U.PU.MA

Pyroprocessing \ Dry recycling / Pyroprocessing technology
High-level waste

Figure 6: Fuel cycle concept using Pyroprocessing technology

(30 ) Journal 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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Stepwise approach to SCNES (Dr. Yoichi Fujiie)

Fuel (U, Pu, MA) recycle (99.99%)
+ all radioactivity FP recovery (99.99%) / nuclear transmutation

- Waste material radioactivity is similar to natural uranium over a hundred

years

Ultimate SCNES Step 3

C
N T~

_
_

SCNES Step 2

Fuel (U, Pu, MA) recycle (99.9%)

+ 5LLFP recovery (99%) / nuclear transmutation
- Waste material radioactivity is similar to natural uranium
over a few hundred years

Monju

Once through
Light water

reactor Current situation

A—

- W
||

>
&) SCNES step 1

US IFR concept, etc.

Fuel (U, Pu, MA) recycle (99.9%)
+ 5LLFP recovery (99%) / Temporary storage
(Radioactivity reduction effect similar to Step 2)

MA: Minor actinoid (Transuranium elements, except Pu, including
Np, Am, Cm, and others)
5LLFP: 5 long half-life fission products
(Tc99, 1129, Cs135, Zr93, Sn126)
All radioactive FP: Fission products with a half-life of one year or longer

Note: Results of research carried out by Toshiba Corporation at the
reqguest of the Japan Atomic Power Company
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Legend of Admiral Rickover: Success of LWR for

nuclear submarine has crowded out Fast Reactors

©Pandora's Promise, LLC
RRIRIZEE : A ILLTA AR




Korea is eager to build fuel cycle by IFR by
revising the 1-2-3 Agreement with US

Long-term Plan for SFR and Pyroprocesém %‘7\

‘08 11 16 20 26 28
| 1 | [T | 1 1 1 -
( ) 4 N 4 v._ . _
Concept Design(“12) Specific SAR('17) Specific Design Approval{‘20) Construction

e

=

X

SFR : . e A S
i Bl AN
Advanced System e ;
Design Perfgrmance Specific Detailed
\ j Concept Test Design Design

Pyro Feasibility Prototype
Joint Determination(*20) Facility(*25)

Prototype
Plant

Y PRIDE (12) W

Korea-USA Joint Fuel Cycle _
Study :

Pyro-
process

Pyro Equipment
Development and mock-
up Facility
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Radioactive High-level Waste Disposal or Storage

‘ Finland Model:
ﬂ - s Olkiluotp Nuclear Power
- 1 : Plant and Onkalo nuclear
spent fuel repository

ONRALL 3nd Dhe mpotdory

HQ of Teollisuuden Voima

Oyj Utility which owns S
Olkiluoto Nuclear Power N e
Plant exists in the Plant site. P 74
\\\' . Y(\ > »S;\ MB
\\\\\Q,\' \\\\\\\\\\\‘:\\:i\i‘: /‘T\ Lower charsctentason bevel 430 m
< - \\m\\\\\;\?_;;:\?}c;\ T_‘K\\\ /




Proposal: Japan-US Cooperation to Demonstrate
IFR for the SF & Debris at Fukushima Daiichi

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

Pyroprocessing is the most appropriate method for treating
spent fuels and 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
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5. Research Results

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

[Unitl)] [Unit 2] 50% [Unit 3] 10%

L 5 T

The distribution fraction of
heavy metals (TRU+U+FP)
Is estimated to be as shown |
by the numbers to the right in ~ |F====g/
red based on analyses using —E
the SAMPSON code™

s, 100% R
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 lPCV 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,Og, 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.

=Transuranium element (TRU:Pu+MA) mass is 1.94 tons, and heavy metal (HM) mass is 251 tons
* 1:Excerpt from 1% 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. 5 6
* 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




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.

FUEL TRANSFER CORRIDOR

/ Conflguratlon . . EBR-II REI;CTOR VESSEL
« A MF-SFR with inherent safety FUEL ELENENT REPROCESSING
AND FABRICATION (ARGON CELL)
features (reactor output:

190MWi Concept diagram of an IFR that combines a fast reactor with a
. .) _ fuel recycling facility
* Application of a metallic fuel (Example: Argonne National Laboratory Experimental-Breeder Reactor

pyro-processing method that EBR-11 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
pOSS| ble nuclear Great Lakes symposium on smart grid and the new energy economy, Sept. 24-26, 2012.)
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Pyroprocessing Technology (for oxide and metallic fuels)

® Spent metallic fuel is dissolved in molten salt and metal U is deposited on solid cathodes using the difference in

oxidation-reduction potential. After this, metal Pu, U and MA are deposited into molten Cd cathodes and the
actinides are extracted all at once.

® |f the electrolytic reduction process is used for preprocessing, the process can also be used for oxide fuels.

Pyro reprocessing Injection casting fuel
) " (metal electrorefining method) ‘ fabrication
Fuel debris //(\g(%((@ / Cathode: Cd \
(oxides) o Solid cathode LI distillation
Anode: Salt
ﬁ ﬁ ‘ Cd cathode I distillation ) |
Disassembly/
Pulverization gl -Sodium removal - 5 I
i I processing
(oot R [“]% [U+TRUACd] | | oectoncestingl] |
cladding tube | + ooling gas :
[ v |i Electrorefining I insertion pipe Mol fhes doive
\‘ P process |,
I I ’ I I Coolingpipel
uo, I = Mold
8 ‘transfer Induction I
' . = | teipe
Fission products Ar Solld B ﬂ Shg?gtlid
\ Moltensalt /) cathodeg / I Heat shield I
Most of the UO, is v L plate
\recovered thereby/ i’ Liquid Cd cathode | royema . I
reducing volume - .
: ,: .U I ;ei:!;is&ur;tzia Mog‘l*gyﬁ‘elz Crucible I
. v
] !
: et New fuel
A (U-TRU-Zr alloy) /
= e == e et
[Recycled = == Waste processing
Oxygen ° [Used salt] [U+Pu+MAk salt] ¢ - .TWaste mold] .
¢ transfer
: ' ) : High-level I
Molten salt )
% - : %ﬁ% - % 1 ’ waste (HLW) I
Oxides reduced to metals . disposal
= . i Sodalite P
Electrolytic U,Pu,MA separation  Zeclite I

column \SOlijlfIC_atIOL - s s s . /

reduction process
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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

Recovered uranium (stored)

Initial loading fuel

Amount of heavy metals
and FP (t)

/TRU, FP
[ | ]'-» ->-->IIII 250 0 10 20 30
Debris Metal Reprocessing/ ) Fabr_ication of initial . After the TRU contained in debris is
conversion b':“e't loading fuel (4 years) burned in the reactor it becomes spent fuel
abrication ~ le-ooooo, | |

(1] R

The spent fuel is recycled in'to new fuel
and burned thereby reducing the
amount of TRU

<[I]>!< [“],,;:.

. Reprocessing/ New fuel IFR
Debris Metal P I |
CoNVersIoN  taprication (sma metal-

fueled reactor)

Debris

Spent fuel 1.5

“ Spent fuel -

Inside the reactor

v |
1 (i1 @1

Amount of TRU elements (t)

| /
R iny New fuel Comngghcement of
ek IFR Spent fuel reactof operation
fabrication (small metal-

fueled reactor)

0 10 20 30
10 years 'Number of years of operation

Concept diagram of debris processing scheme - 253 years v

IFR operation and TRU reductions gq



negative reactivity feedback.

Passive Safety of Small Metal-fueled Reactors
In case reactor temperature increases, reactor power will decrease by inserting

Reactor power

A

4

Fuel dispersion

—{E]

Fuel temperature coefficient

Increase in neutron capture
by fertile material

— &

Doppler effect

\ 4

Increase in neutron leak from
core

Coolant temperature coefficient
(reflector)

\ 4

Hardening-of neutron
spectrum

Coolant temperature coefficient
(Entire core)

Coolant temperature coefficient
(core)

Fuel Fuel expansion
temperature C -
el?ncrease ‘ Thermal oscillation of
fertile material
A 4
Coolant
s .| Coolant reduces
P dispersion
—>Increase
$ —» Expansion of entire core
Structural N Axial expansion of control
material | I7| rod drive mechanism
temperature ] Flel blv bowi
uel assem owin
>Increase y howing

Fuel dispersion

Structural material temperature
coefficient

Increase in depth of control
rod insertion

Control rod insertion effect

Fuel support plate expansion

Core diameter expansion or
contraction

Fuel assembly thermal bowing
effect

\ 4

Increase in neutron leak from
core

In addition, passive safety features are employed:

Fuel support plate expansion
coefficient

In response to loss-of-flow events, large neqgative reactivity effect is generated by the GEM.

In response to transient-over-power events, withdraw of the control rods is limited by the rod stop mechanism.
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Reducing the Volume of Radioactive Waste and Decreasing Hazard Level

(Radiotoxicity)
@ By suitably processing fuel debris and recycling it in a fast reactor, TRU is either kept in the

core or as part of spent fuel. (Surplus recovered uranium is separated/stored)

@ A fast reactor cycle releases less long-lived isotopes outside the system by confining TRU in a
cycle system as well as burning them, thus it has a beneficial effect on reducing the volume of

waste and radiotoxicity.
« Amount of high-level radioactive waste generated (when compared to direct disposal of spent fuel)

LWR cycle: Approx. 22%, Fast reactor cycle: Approx. 15%
 Effect at reducing hazard level (Approx. 100,000 years to fall to levels equal to natural uranium
required for equivalent power generation in the case of direct disposal of spent fuel)
LWR cycle: Approx. 8,000 years, Fast reactor cycle: Approx. 300 years

*) A relative value assuming that the potential effect of spent fuel at the first year is 1.

1 _ *
s 1
-2 Direct disposal (spent fuel)

fe- % E i i
2 o) : — S achieved by state-of-the-art LWR
8_ S o o 1022 ! reprocessing technologies 99 5% fqr Pu,

1 7)) : 3 :
=S volume decreases K g e I v
= g 06 +—— to one-seventh S ° 103 ca 300 years ca\10° years
o= © c

o O L qg4

- 04 + £ ©
TS 55 |
— .2 =5 g 10° '
o © ® o [ ,
o 027 5= Vitrified waste package (Rec

) 106 ified waste package (Recovery
S % — g’ ratio achieved by the FBR cycle
% o 8 5 99.9% for Pu, U and MA)
cC c -7
> 0 Y. 8_ 10 Potential effect (maximum) of natural uranium
LWR LWR Fast reactor DO. g 108 required for equivalent power generation
Spent fuel Reprocessing Reprocessing = ’
N St 5 1 102 104 106 108 1010
(Vitrified waste) (Vitrified waste) ) Year

Reduction in the volume of high-level Reduction in duration of potential toxicity
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Evaluation of Construction Costs for Reactor and Fuel Cycle Facilities

[Reactor]

® A small MF-SFR with the thermal output of 190MWs?t (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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3DKLE. BE
( Fukushima, the Beautiful)
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DTLz. TDEOLEEFEXEN=DIZOHHTTT . HYNESITTVET,
EHOHIET. BEEREDFTyyFaE—(E. ELWLVEEWLVSEKRT., [5DLE. &
B2 TY, BRRIC. TDORRAI—BLEELEHZA T L=, FAITREH I
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MNHBE5, FAELERYMTEO>THWEER-TWVET,

63



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.”
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Sustainable Nuclear Power
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