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WEO 2013

Primary energy demand, 2035 (Mtoe) Share of global growth
2012-2035

OECD

Europe

('Hlill) <:::::> China :
4 060
Mlddle

East

United
States

@Japan

Middle B4
East

Southeast
>y ©
India
7 Non-OECD
Asia

China is the main driver of increasing energy demand in the current decade,
but India takes over in the 2020s as the principal source of growth
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Figure 2.12 = Net oil and gas import/export shares in selected regions in the
New Policies Scenario

« 100% : Japan and Korea® @ 2011
U] Net gas importer, Net gas and
80% = net oil exporter oil importer ! ¢ 2035
European Union 4
60% > 2 ¢

40% R Chin‘a::" “‘1’

20% ¢ @ India

’“ " “‘
0% Middle East & ‘4 1‘
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. 0”0 Russia o
-40% 3 e, L AN o 4
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-80% : Net gas and Net gas exporter,
oil exporter net oil importer
-100%
-100% -80% -60% -40% -20% 0% 20% 40% 60% 80% 100% WEOZO 13
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Notes: Import shares for each fuel are calculated as net imports divided by primary demand. Export shares
are calculated as net exports divided by production. A negative number indicates net exports. Southeast
Asia, i.e. the ASEAN region, includes Indonesia.
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Should China and India join the |IEA?

Net oil imports of selected countries in the New Policies Scenario 2013 (mb/d)

25

20 ~
15 - W 2000
2012
10 - 12020
W 2035

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 9
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Contributions to global oil production growth

Conventional: WEO 2013
. B 2013-2025
Middle East
2025-2035
Brazil

Rest of the world

Unconventional:
Light tight oil
Oil sands, extra-heavy oil,

coal/gas-to-liquids, & other

-8 -6 -4 -2 0 2 4 6 8
mb/d

The United States (light tight oil) & Brazil (deepwater) step up until the mid-2020s,
but the Middle East is critical to the longer-term oil outlook

10



RAN A, FEITOI—ILERNIEEILDH?

Figure 3.4 = Change in annual natural gas production in selected countries
in the New Policies Scenario

China Bl 2011-2020
United States 2020-2035
Russia
Australia
Qatar
Iraq
Brazil WEO 2013

Turkmenistan
Iran

Algeria

-30 0 30 60 90 120 150 180 210 240
bcm

11



$2012/MBtu

20 7

18 -

16 -

14

12

10

xE

PR B 750 A (A% LE 82

BARDEAMIZIEESILIZoTHLDH

—Japan (LNG import)

— Europe

h 4'«,, (German import)

‘ — US (Henry Hub)

1991

1994
1.

2.
3.
4

1997 2000 2003 2006 2009 2012

HADYV—R =, E—FMTF42 KR DBHRAE, LXOSDEA

HRHBEES (F4—Sa5WET. Mt BH1E)

[RFAHREDER Developing a Natural Gas Hub in
ERNBAHATIGEHEICKSIDFHEFEIE Asia 12



IEE
2T E—MEEDBIRE R N EL, TR RMEED
BWEETL—01—T Ui IETH D,

Figure 4.7 = Relationship between break-even price (gas price needed
to recover well costs) and the liquid content of the gas
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WEO 2013

Indicative economics of LNG export from the US Gulf Coast (at current prices)
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12 12 . ,
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9 9 Liquefaction, shipping
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6 6
B United States price
3 l 3 l
To Asia To Europe

New LNG supplies accelerate movement towards a more interconnected global

market, but high costs of transport between regions mean no single global gas price
16
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Introduction - Chiyoda’s Hydrogen Supply Chain Outlook

» 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.

Power Gen.
City Gas
Mobility

| Energy

-—e—— e mm = o Em = ==

Reforming

Gasification Petro Refining

Chemicals

- o - = o

Steel Mills

CO2 Recycle
(Reverse Shift)

N o e o = 7

* H2 Supply of a 0.1-0.2mmtpa LNG equivalent scale (M.E. to Japan) could be feasible. CHIYODA
CORPORATION 19



N .
JAPAN

AZUINARL—FERDIEEFKESR?

An Energy Coup for Japan: ‘Flammable Ice’

Photo by JOGMEC

Resource estimates vary by several orders of magnitudes, with many falling between 1000 and

5000 tcm, or between 300 and 1500 years of production at current rates. The USGS estimates

that gas hydrates worldwide are more than 10 to 100 times as plentiful as US shale gas reserves.
The Japanese government aims to achieve commercial production in ten to fifeen years, i.e. by

the mid- to late-2020s. (IEA WEQ2013) .
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Figure 5.3 = Electricity generation by source in the New Policies Scenario
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Ratio of industrial energy prices relative to the United States
Natural gas Electricity WEO 2013
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from 2013
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Figure 12.1 ® Nuclear reactor construction starts, 1951-2011
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Generations of Nuclear Energy
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Figure 5.12 = Nuclear power installed capacity by region in the New
Policies Scenario
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Figure 1-8. Reactors developed by Argonne
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MEEEEF (Integral Fast Reactor) & IPAN
= AE R azIVBLIE  (Pyroprocessing)

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

Assembly Dismantling
and Reassembling (AIR CELL)

I

Tm'll

Fuel Transfer 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.
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Uranium utilization is <1% in LWR

\_Uranium

Uranium Ore Ennchent

@20 tons

0 25tons P

18.73 tons Uranium
1.00 tons Fission Products
0.25 tons Plutonium
0.02 tons Minor Actlnldes

1.00 tons F.P.
0.02 tons M. A:

Disposal

(300,000 years) Spent Fuel Disposal
European recycle _ | (300_,000 years)
- Saves 15% uranium Direct disposal is

- But no reduction in waste life  the current U.S. policy
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~ LWR Pyroprocessing
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A\t ?‘_{; 5 One-time processing of

35 tons Anbauiially 700 tons of LWR spent fuel
Fission Y\ 2l provides long-life fuel supply
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For new IFR startup
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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



Loss-of-Flow without Scram Test in EBR-II
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Joint Program on Pyroprocessing with
Japan

v Central Research Institute of Electric Power industry
(CRIEPI): $20 million cost sharing signed in July 1989.
v~ CRIEPI and Japan Atomic Power Company jointly
representing Federation of Electric Power Companies
(FEPC): Additional $20 million added in October 1992.
v~ Tokyo, Kansai, and Chubu Electric Power Companies:
$6 million for LWR feasibility study signed in July 1992.
v~ Power Reactor and Nuclear Fuel Development
Corporation (PNC): $60 million cost sharing program
agreed to in February 1994, but canceled by DOE.

v’ These joint programs ended when the IFR Program was

terminated in October 1994.

Dr. YOON IL CHANG
Argonne National Laboratory



Importance of LWR Pyroprocessing Demonstration

v~ The public views adequate nuclear waste management as a
critical linchpin in further development of nuclear energy.
v The backend of the nuclear fuel cycle cannot be addressed
independent of the next-generation reactor options. A systems
approach is required.
v Basically, three options exist:
— LWR once-through only and direct disposal of spent fuel
— PUREX reprocessing and MOX recycle in LWRs in interim
— LWR once-through, followed by pyroprocessing and full recycle
in fast reactors
v~ A key missing link for decision making is a pilot-scale

demonstration of pyroprocessing for LWR spent fuel.

Dr. YOON IL CHANG
Argonne National Laboratory



A Plausible Path forward Option

v~ As an immediate step, develop a detailed conceptual design and
cost/schedule estimates for a pilot-scale (100 ton/yr)
pyroprocessing facility to treat LWR spent fuel.

— This will provide data for industry to evaluate viability.
v Follow with a construction project for 100 ton/yr LWR

pyroprocessing facility to validate economics and commercial
viability.

v In parallel, initiate an IFR demonstration project based on GEH's
PRISM Mod-B (311 MWe).

— Licensing preparations

— Negotiations with the U.S. industry and international partners
v~ A modest sized prototype demonstration project on a DOE site
can be done at a fraction of the cost.
— A vital project to preserve the technology base and develop next-
generation engineers for the future.

Dr. YOON IL CHANG
Argonne National Laboratory
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S-PRISM Nuclear Steam Supply System

| NATURAL
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Benefits include:

- Waste halfife ... 300500 years

- Uranium energy - -extracts 90%

- Non—proliferation *-'no plutonium separation
- Environmentally responsible --*dry process

Advanced Recycle Reactor - PRISV

HITACHI

Copyright 2013 GE Hitachi Nuclear Energy —International, LLC —All rights reserved 19



Transuranic disposal issues

Transmutation Separation
E‘ 1000 of minor actinides of Puand U
2 : I
5 P ,
8
o) 100 E
o Fission :
& Products Spent Fuel ]
g 10 ¢ 300 Years 9,000 Years 300,000 Years -
=
S j ! v
& 1 L Natural Uranium Or - _
: Pu, U, and Minor Pu, U Removed
: Actinides '
Removed
0 3 Pl e e 4 - e e o R - S
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
All rights reserved
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Costs of Electricity Generation by Sources " s
: Sensitivity to CO2 Prices and Discount Rates =

160

@ OECD 30 $/t CO2 O OECD 60 $/t CO2

140 A
<— |LCOE 10%

120 A

100 A <— | LCOE 5%

80 1

60

“Projected Costs of
40 - Generating
Electricity” by IEA &

NEA 2010
20 -

Levelised Cost of Electricity, LCOE 5% and 10% ($/MWh)

Nuclear ' Coal ' Coal w. CCS' Gas ' wind

To bolster competitiveness of low-carbon technologies such as nuclear, renewables and
CCS, we need strong government action to lower the cost of financing
and a significant CO2 price signal to be internalised in power markets.



JAPAN
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Cumulative energy-related CO, emissions ‘Carbon budget’ for2° C
Total emissions Remaining
Gt 800 1900-2035 budget
\
600
= Non-OECD
49%
400 2012-2035
200
- OECD
51%
- WEO 2013

1900 1930 1960 1990 2013
-1929  -1959 -1989  -2012  -2035

Non-OECD countries account for a rising share of emissions, although 2035 per capita
levels are only half of OECD; the 2 ° C ‘carbon budget’ is being spent much too quickly
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1EE
Figure 8.6 > Electricity generation from low-carbon technologies and share
by scenario, 2010 and 2035

é 8 000 ~ - 80% 5 2010
~ B
7000 + - 70% g Incremental to
6 000 4 L 60% é} 2035 over 2010:
f 450
5000 A - 50% ©
£ M NPS
4 000 - . - 40% %
3000 - -30% o
o
2 000 A -20% &
1 000 - . - 10%
O T T T T - T - T -_l | E— O%
Nuclear Hydro Wind Bio- Solar Other* CCS Low
energy PV carbon
* Other includes geothermal, concentrating solar power and marine.
Note: 450 = 450 Scenario; NPS = New Policies Scenario. |EA WE0201 2

Can we build 16 GW of nuclear power plants a year?

+ Can we build 60 GW of wind power plants a year? (2010 =198 GW)
+ Can we build 50 GW of Solar PV capacities a year? (2010 = 38GW)
And CO2 price will be more than $120 per ton.
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: M Fossil fuels
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{ Nuclear

8% 11%
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* Self-sufficiency =
domestic production /
total primary energy supply

Source: Energy Data Center, IEA.

Note: Does not include fuels not in the fossil fuels, renewables and nuclear categories.
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European Import Infrastructure

=

5 " s
Trae Dourddanes and raemes 5hown and Hhe Gesgranons ued on Maps Ncesed n e pubscanon oo not mply offical enoonemert oF acorpiance by the [EA

ot kot IEA Medium Term Oil and Gas Markets 2010
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Power Grid Connection in Europe

Physical energy flows between European countries, 2008 (GWh)
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Source: ENTSO-E
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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

Beijing

Hong Kong

Phase 3

Shanghai| Asia
= Super Grid

Manila

Delhi Bhutan

Dacca

Bangkok

Mumbai

Kuala Lumpur

Total 36,000km

Singapore

Presentation by Mr. Masayoshi SON
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Natural Gas Infrastructure Vision (As of September 2013)

West Siberia
To Europe
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Afganistan ' >
\

[ Legend ]

- - Gas Field

Existing LNG Receiving Terminal JETIel

LNG Receiving Terminal
Planned or Under Construction

Existing LNG Export Plant

[ ]

[ ]
w
¥y  Planned LNG Export Plant
®

o India
Capital City

.
e
: o
i Chinese
. Taipei
Maijor Existing Pipeline
———  Major Planned Pipeline

—————— Major Possible Pipeline a
e - - A )}\ Thailand © Northeast Asian Gas & Pipeline Forum

Proposed by the 13t NAGPF Conference in Chengdu, China 56
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Map of the Japanese Gas Grid

o LNG terminal Hokkaido
(in operation)
. Higashi-Niigata 5 i .
o NG Emna v BEEmel (0 e ymbmueem
i ihonkai
(planned/under construction) 720000 Kl (8 tanks] 4500 kI 1 tank]
8/ Satellite terminal Joetsu LNG o
in operation/under construction terminal
‘ p / ) Teikoku Oil
e Jatellite terminal for ) A0S (RERTEE)
domestic vessels (in operation) Joetsu thermal
. o . Ch%%vgelirlgé?rri]ct B Sendai LNG terminal
= Main pipeline network 2012 [planned) (Sendai city gas bureau)
Pipeline planned Himeji LNG Kawagoe LNG terminal > 80000 ki (1 tank)
""" or under construction management facility 00 K14 ke &
Kansai Electric 480000 kI (4 tanks) 2 Higashi-Ogishima LNG terminal
520 000 Kl (7 tanks) Yokkaichi plant : Tokyo Electric
i Toho Gas . 540 000 kI (9 tanks)
Sakai LNG centre 160 000 kI (2 tanks) .
. Sakai LNG K Sodegaura LNG terminal
Chikkou plant | 420 000 kI (3 tanks)| Tokyo Gas/Tokyo Electric
Okayama Gas Z g 2 660 000 kI (35 tanks)
7 000 ki (1 tank) O
Mizushima LNG terminal Qapo Futtsu LNG terminal
Mizushima LNG Tokyo Electric
160 000 kI (1 tank) 1100 000 Kl (10 tanks)
Hatsukaichi plant mﬁ/g“/z Ogishima plant
. Hiroshima Gas
Tobata LNG terminal 170 000 K (2 tanks) ’ Tokyo Gas
Kita-Kyushu LNG . X 600 000 kI (3 tanks)
480 000 kI (8 tanks) :‘ f : = Negishi plant
Fukuhoku plant O—= 8.8 ° %gg g‘gsc/tric
Saibu Gas Chita LNG facilit
70 000 kI (2 tanks) Chita LNGS Y 1180 000 ki (14 tanks)
640 000 KI (7 tanks, imi i i
2 nboku No. 1 LNG ( ) gz:m:;ﬂ mg (Sodeshi) terminal
L terminal Chita LNG joint terminal 177 200Kl (2 tanks)
qﬁ Osaka Gas Chubu Electric/Toho Gas
¢ 180 000 ki (4 tanks) 300 000 kI (4 tanks)
Nagasaki plant Senboku No. 2 LNG Chita Midorihama plant
Saibu Gas Himeji plant terminal Toho Gas
35000kl (1 tank) Qita LNG terminal Osaka Gas Osaka Gas 200 000 ki {1 tank] Okinawa
Oita LNG 740 000 Kl 1585 000 kI o »
460 000 kI (5 tanks) (8 tanks) (18 tanks) Yokkaichi LNG centre Yoshinoura
) Wakayama power plant g%‘%%g'ﬁcz‘c ‘ thermal power plant
Kagoshima plant Sakaide LNG plant Takamatsu plant- Kansai Electric (IS Okinawa Electric
Nihon Gas Sakaide LNG Shikoku Gas ~2017 (planned) 2010 (planned)
86 000 kI (2 tanks) 2010 (planned) 10,000 ki {1 tank]

Note: The boundaries and names shown and the designations used on this map do not imply official endorsement or acceptance by the IEA.
Source: Country submission (compiled by ANRE from data provided by relevant companies).
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