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mb/d De€mand/Supply Balance until 4Q17 mb/d
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Figure 4.1 = Average IEA crude oil import price by scenario
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Changes 1n Saudi production can affect oil prices

Changes in Saudi production and WTI crude oil prices it ot 4 =

million barrels per day (year-on-year) percent change (year-on-year)
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Source: U.S. Energy Information Administration, Thomson Reuters.
Updated: Quarterly | Last Updated: 01/13/2015
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W Output to drop by 800 kb/d over 2016-17
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World's largest producers
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Unprecedented wave of investment cuts

in the upstream oil and gas industry

World Energy
Investment

Global upstream capital spending 2010-2017 2016
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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
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Change in energy demand in selected regions, 2014-2040
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Oil production growth

in United States, Canada, Brazil & the Middle East IEA data
mb/d+15
Increase to 2040: 14 mb/d
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China-Kazakhstan Crude Oil Pipeline
400,000 barrels/day

1
Kazakhstan-China Gas Pipeline :
10 billion cubic meters/year "
: Kazakhstan 4% '
Atyrau !
Beyneu.
Aqgtau

TURKMENISTAN

Turkmenistan/Central Asia 53%

Red Sea, and Americas
from Atlantic Coast

100% as many ship

NOTE: All figures are based on 201 3 data. Transit numt
ents transit multiple shipping

Pipeline volumes represent designed capacity, not current flow rates.

THE GAS PIPELINE ACROSS BURMA COMMENCED OPERATIONS IN SEPTEMBER 2013.
THECRUDE OfL PIPELINE IS PHYSICALLY COMPLETED BUT NOT OPERATIONAL.

will not total

okepoints.

Russia-China Gas Pipelines
38 billion cubic meters/year

Tayshet Skovorodino
Russia 5%
Khabarovsk
Russia-China Crude Oil Pipeline «+=sssseeeees
300,000 barrels/day

(Currently under.expansion to
600,000 barrels per day)

Suez:Canal, Bitarplyk : . : .
via Red Sea Turkmenistan-China Gas Pipeline CHINA
(not pictured) 40 billion cubic meters/year
\)L) Burma-China Gas Pipeline .........
L \/Vh 11%% sEratt ot Hormuz 12 billion cubic meters/year : Kunming
BURMA f Taiwan
CHINA Akyab :
BURMA Kunming Sittwedg  #FRURMA gzgmgégh;"a C/N/Ze Oil Pipeline
Kyaukpyu Kyaukpyu ), arrels/day
Muse YonHan '_..: Taungup
Akyab & Province
(Sittwe) &
<y 4% Gulf of Aden } palianeeEy P
—y 3% and Red Sea : BURMA //
Shwe- “=e Nay Pyi Taw /
(administrative capital) g2u—"____ 25% [
¢ Taungup 30%/_N Asia/Australia, not via —
26% 3% asfield : Malacca/Lombok/Sunda Straits
A fieat ot ia development afea @ RANgoON Strait of Malacca -

Wi

Names and boundar

v representat

. Americas from
Pacific Coast 2%

Crude Qil Pipeline

Natural Gas Pipeline

Gas Pipeline Under Construction
Proposed Gas Pipeline

Crude Oil Imports by Sea
Natural Gas Imports by Sea
Crude Oil Imports by Pipeline
Natural Gas Imports by Pipeline

USDOD China Report 2015
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Russian Gas Infrastructure

W Producing region

[ Prospective region NORWAY
§ Selected gas field SWEDEN
REY, FINLAND
\ Export 1o //
GER. ) ApOnLh P
B EST S 7
REP. Expon 10 &_A’te'shu'q
SLO. R P.

-
) Northemn Lights Ukhtd <
N Medvezhye

=1 ".

BEL.
Chisi :;v @

SCOW

WQ
Europe
\

A’ » \
Yurubcheno-

— Existing gas pipeline

- = Pipeline planned/under const.
* Existing LNG export terminal
ﬁ Planned LNG export terminal

S

East
Siberia
Yakutsk

Sakhalin

Tunguska
O ——

\(\ Tokhomo NPALEIDE. Sy Khabarovsk J\
\ >
-3, Krasuo_',_‘grs_k_ // }\
ALCASLL : —X Kemerovo Daging % )
R Novosityrsk O t
GEORGIA\ OVOSIgIS! Now;(ume.sk“ku | Harbin '&
TURKEY  Tbilisi ) I,
[ CHINA
SYRIA A AZE L/ Ulan-Bator » / NOI!"I'Ko l;‘EA JAPAN
IRAQ (¥ Beijing / KOREA
CHINA

IRAN

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

Mid-Term Oil & Gas Market 2010, IEA
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European Import Infrastructure
— M2IN €X051NG gas pipeline
=== Pipelne under construction
- = Planned/proposed gas pipeine
Production area
¥ Exisung LNG terminal

1 Planned/under const. termmnal

=t

ASId

Coastal v
(  [Jisoutt pipeline s s
~ SIR / C
~ 7\
RS T L
NABUCCO ~~  Ifans East-West pipeline
= ,\mb gas Caspian 4 S}/ 3
: > options '
pipeling "o _. ~JAp,
M Turkmenistan-\ - %,
Iran pipeline  \ ~12
N e
TAPI Opp >,
Yion, ",
The Doundanes and Names SNHOWN and the Sesgnatons used ON Maps NOUGSd N ths PUDECALON JO NOC Ml MG eNdosemMent OF acoeptance by the [EA
Source: 1EA.

|IEA Medium Term Oil and Gas Markets 2010
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Natural Gas Infrastructure Vision (As of September 2013)

Russia

West Siberia
To Europe

:7 Kazakstan
% Erom Central Asia
Atmaty
%!ea /(‘ -'
Kyrgyzstan
?‘,‘.”r

| Afganistan 3 2
ftﬂ_ ~

[ Legend ]

_ - Gas Field

Existing LNG Receiving Terminal

LNG Receiving Terminal
Planned or Under Construction

Existing LNG Export Plant

Chlnese
‘Taipei

777777 Major Possible Pipeline
pN . - S A Thailand © Northeast Asian Gas & Pipeline Forum

o India
Capital City

Major Existing Pipeline

[ ]

[ ]
* Planned LNG Export Plant
@

Major Planned Pipeline

Proposed by the 13t NAGPF Conference in Chengdu, China
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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 WEO2013) 23
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GDP (MER)

Total primary energy demand

CO, emissions

|IEA data

Gas demand

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

Renewable

s |
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Figure 2.17 = Reductions in net oil imports in the United States by source in
the New Policies Scenario

TlEor—I)LEmE

=== 2011 net oil import level

- Projected net imports

Reductions due to:
Demand-side efficiency
Biofuels use in transport
Natural gas use in transport

B Increased oil supply

2011 2015 2020 2025 2030 2035 WEO2012
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USD trillion

AT RETHIE S AT LE?

Urban transport investments

------------------------------------------------------------------------------- Vehicles

Internal combustion engine

Electrified

Infrastructure

Parking and road

B Metro and light rail

ETP2016

In the 2DS, by 2050 one billion cars are electric vehicles
while public transport travel activity more than doubles

33



HHOoF7S LD L
EXEHEEHE

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

5000 Fiqure 8,5> Primary energy demand in the 450 Scenario by fuel
g Iy energy y WEO
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New Zealand
China
Netherlands

United States
India

Poland
United Kingdom

Czech Republic
Greece
Sweden
Austria
Finland

Germany
Turkey
Hungary
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Italy
Switzerland
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Slovak Republic
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France
Japan
Belgium

Luxembourg
Korea
EU28

IEA

0%

Energy self-sufficiency* by fuel in 2013

19%

8%

18%

25%

24%

13%
44%

14%

M Fossil fuels
1%

1%
10% Nuclear

Renewables

1%

10%
19%

35%

ASEA 27% B Fossil fuels
Renewables
IEA 9% 10% Nuclear

0% 20% 40% 60% 80% 100% 120% 140%

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

1% Source: Energy Data Center, IEA.

20% 40%

60% 80% 100%
35

Note: Does not include fuels not in the fossil fuels, renewables and nuclear categories.
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Physical energy flows between European countries, 2008 (GWh)

Bl UCTE region
[ synchronous operation with UCTE region

Total: 334658 GWh

UCTE: 285182 GWh

Values in GWh
773

TR

Source: ENTSO-E
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Source: DESRETEC Foundation 37
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i i ’ 3) Sarawak - P. Malaysia 2015
I ) 4) P. Malaysia - Sumatra 2012
" MYANMAR 5) Batam - Singapore 2015
6) Sarawak - West Kalimantan 2012
7) Philippines - Sabah 2015
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11) Thailand - Myanmar 2014
VIETNAM 12) Vietnam - Cambodia 2009
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GOBITECH Initiative
Renewable Energy in Asia through Sun and Wind
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per “Energy for Peace in Asia”

Stabu-: SQUPPMIY (Tnrougn regional Interaepenaence)
Fair Electricity Price ‘

Gobi Desert |t ity

Delhi | Bhutan -

Mumbai

Kuala Lumpur W

Singapore I

Vladivostok

New Vision?

’hase 3
Asia
Super Grid

o |

Total 36,000km
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Global Energy Interconnection

Transcontinental Grid Interconnectmn of :

Asia, Europe and Africa
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8 Power Bridge Project by Roshydro

Pycl'm:po

Stage |
(2020)

Nikolaev TPP
Nokliki GTES

Stage |l
(2022)

/ II stage

Dolinskaya TPP

Stage Il
(2025)

®  Tokyo

The construction of the 2-3
stages of the Sakhalin
GRES-2 with the increase of
installed capacity up to 360
MW

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

The construction of a large
export-oriented generation
"Dolinskaya TPP" (up to 660
MW)

Further expansion of the
network infrastructure

The connection of the
Sakhalin energy system
with the United Energy
System of the East by
underwater DC cable

increase exports volumes

P/S, OL 110 kv

P/S, OL 220 kV

new OL

W TP OL/CL - transition point of OL/CL, CL — cable line

o—

* - depends on the choice of connection point in Japan

Stage KnioueBble MeponpusaTus B Export
poccuicKOr YacTu volume

Up to 400 MW

Up to 1000
MW

2-4 GW

Actions for the laying of
underwater cable

Installation of underwater cable
from Sakhalin island to
Northern Hokkaido
(Ishikari/Wakkanai) with a
distance of 50-200 km*

Installationof underwater cable
from Hokkaido
(Ishikari/Wakkanai) to Aomori
(Honshu) with a distance of
650-800 km*

Installation of a submarine from
Aomori (Honshu) cable to
Kashiwazaki (Honshu) with a
distance of 400 km

Total cost for 3 stages in the Russian part of the Project is
estimated at USD 5.7 billion.

excluding costs for the

construction of additional generation in the UES of the East to
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Asia Super Ring

Mongolia China
Korea route

. Y g
\%. 'I,

U

Russia Route

Masayoshi SON’s proposal
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Global electricity generation mix in the 2DS, 2013-50 ETP2016

50 000 100% Other
/ Wind
40 000 - 80% STE
[ Solar PV
30000 - 60% F Hydro
- B Biofuels and waste
E I Nuclear
20000 40% Coal with CCS
[ Coal
10 000 - 20% I Oil

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%.

.« 2013DHES 1T 2DS 20503)’%5@:7;
— BB PAFL: 68% B4YEREETTR: 67%
— BAER[BET 1R 22% e/ BREL: 17% (CCS12%)
~R¥71:11% FEFH: 16%
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11 March 2011

Great East Japan Earthquake
Loss of off-site power, all operating reactors
automatically shut down .
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Loss-of-Flow without Scram Test in EBR-II
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(Integral Fast Reactor) & B R 57 X B LI R E%

(Pyroprocessing)

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

Assembly Dismantling
and Reassembling (AIR CELL)

Fuel Transfer Corridor

Reactor Vessel
Fuel Pin Pyroprocessing
and Refabrication (ARGON CELL)
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_ LWR Pyroprocessing
A\ One-time processing of
SIS 700 tons of LWR spent fuel

35 tons el Y 575 tons
Fission o B3\ a provides long-life fuel supply Ursilism
Products
Initial 80 tons Uranium
Inventory 10 tons Actinides
e e it i T 1
; Annual Budget :
I
| |
. I
Disposal : 1000 MWe |
I
(300-year : IFR i
lifetime) : !
|
I
: 12.0 tons U 10.5 tons Uranium :
| 15tons 2.0 tons Actinides |
: Actinides 1.0 tons Fission ProductsI
:
|
1
|
1.0 tons : 1 Uranium Makeup
Fission : :
Products 1 On-site Pyroprocessing :
|

H 0.5 tons excess actinides

For new IFR startup




=SB TR D RERE

BIooTHRD TIh=o LEDS f
2 1000 Anze = LD 4
T | :
>, <
S
i %53 :
g 10 | 300 Years 9,000 Years 300,000 Years ¥
= ]
) 1
T 1 35?#“77/%]3?{5 l ' !
(1’4 1 — < -
E [ ra AP {8 BRI G ARG ?
: Pu. U, MA Pu, UDREE 0\
0)8#% i
0 N T W ) 5 N PR B ST | N F=2
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
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S-PRISM Nuclear Steam Supply System
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