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IEA data

Oil production growth in United States, Canada, Brazil & the Middle East
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Net decline in output from other producers

Canada
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The short-term picture of a well-supplied market should not obscure future risk
as demand rises to 106 mb/d & reliance grows on Iraq & the rest of the Middle East
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Net gas imports in 2040 Shares in long-distance
bem 400 gas trade, 2040

300

200

Pipeline

100

-100
European Japan China India Southeast
Union & Korea Asia

Developing countries in Asia — led by China — dominate the rise in long-distance gas trade;

more than 80% of the growth to 2040 comes in the form of LNG
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China’s Energy Import Transit Routes
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Utility-scale solar PV EV battery
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Reductions in costs of key technologies continue fo give
strong impetus to the energy transition

Note: PV = photovoltaic; EV = electric vehicle.

WEO2017
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Flexibility: the cornerstone of tomorrow’s
power systems

Phases of integration with variable renewables share, 2030

German
All sources of _| y

flexibility needed
United Kingdom

Targeted investment _| . U (China = European Union
in flexibility needed uropean 2')0'" ) Smany
Mobilise existing | Japan Uajtad States WEO2018
power system flexibility
ST T T T T T 1
0% 10% 20% 30% 40% 50% 60%

Wind and solar PV share of generation

Higher shares of variable renewables raise flexibility needs and call for reforms to deliver
investment in power plants, grids & energy storage, and unlock demand-side response
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The map presents data of provinces in China.

This map is without prejudice to the status of or sovereignty over any territory, to the delimitation of international frontiers and boundaries and to the name of any territory, city or area.
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China is focusing on the hydrogen technology to store
abundant electricity generated by renewables

lPElﬁ'&ﬁﬁ%ﬂ!F‘!l!ﬁ!ﬁﬂllEl

NATIONAL ALLIANCE OF HYDROGEN AND FUEL CELL

National Alliance of Hydrogen and Fuel Cell was established on February 11t
2018 by China National Energy Groups.
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“Energy for Peace in Asia” New Vision?
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Physical energy flows between European countries, 2008 (GWh)
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RE100 Corporations: e EZ Y AN DEE

156 RE100 companies have made a commitment to go ‘100% renewable’. B 754
FI—UBRITVRABRDERZINIL, AEREEDESZTEH>#LIELLE S,

Finance(40): Swiss Re Group, alstria, Amalgamated Bank, Aviva, AXA, Bank of America, Bankia, BBVA, British Land, CaixaBank,
Canary Wharf Group, Capital One, Citi, Commerzbank, Credit Agricole, Danske Bank, DBS Bank Ltd, DNB, Equinix, Fifth Third
Bancorp, Fuyo General Lease Co., Ltd.(32 & #2&1)—2X), Goldman Sachs, Helvetia, HSBC, ING Group, Iron Mountain
Incorporated, Johnan Shinkin Bank(3%F1E FE <& ), JPMorgan Chase & Co., Jupiter Asset Management, Land Securities,
Mace, Morgan Stanley, Nordea, Prudential plc, RBS group, Schroders, TD Bank, UBS, Voya Financial, Wells Fargo

Durable Goods and Services (32):IKEA Group, AEON Co., Ltd(4 7 >), BMW, Burberry, Coop Sapporo(a—2J&2[E5), Crown
Estate, Daiwa House Group(X#1/\™) Z), Decathlon, Dentsu Aegis Network, Etsy, FIA Formula E, General Motors, Giirmen
Group, H&M, Interface, Kingspan, LEGO Group, Mahindra Holidays & Resorts India, Marks & Spencer, Marui Group(#LF %
JL—7), Nike, Inc., Pearson, PVH, Sekisui House(f&7K 7\ R), Signify, Sky, Starbucks, Tata Motors Limited, Vail Resorts, VF
Corporation, Watami Co., Ltd.(7%X), YOOX Group

Non-Durables and Services (24): Anheuser-Busch InBev, Califia Farms, Carlsberg Group, Clif Bar & Company, Coca-Cola
Enterprises, Colruyt Group, Danone, Diageo, Estée Lauder Companies, Grupo Bimbo, Hatsun Agro Products Ltd, International
Flavors and Fragrances Inc., Kellogg, L'OCCITANE Group, Mars, Incorporated, Nestle, Organic Valley, Procter & Gamble, Reckitt
Benckiser (RB), TCI Co., Ltd, Tesco, TRIDL, Unilever, Walmart

Technology(21): Adobe, Apple, Autodesk, eBay, Facebook, Fujitsu(= 11%), Google, Hewlett Packard Enterprise, HP, Inc.,
Infosys, Lyft, Microsoft, Rackspace, RICOH Company, Ltd.(')21—), Salesforce, SAP, Sony Corporation (*/=—), Visa, VMWare,
WeWork, Workday

Other Services(17) ASKUL Corporation(7 A%7)L), Bloomberg, BROAD Group, ENVIPRO HOLDINGS Inc.(ZE J'EHD),
Gatwick Airport Limited, Heathrow Airport, IHS Markit, La Poste, McKinsey & Company, PwC, RELX Group, SAVE S.p.A Group,
Schneider Electric, SGS, Steelcase, Swiss Post, Vaisala

Material(8): AkzoNobel, Corbion, Dalmia Cement, Elion Resources Group, Elopak, Givaudan, Royal DSM, Tetra Pak

Telecom Services(6): BT Group, KPN, Proximus, Telefonica S.A., T-Mobile US, Inc., Vodafone Group

Health care(5): AstraZeneca, Biogen, Johnson & Johnson, Novo Nordisk, Royal Philips

Energy(1): Vestas
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Figure 11.17 = Supply routes for low-carbon hydrogen

WEO2018

Production Transport End-use
Production by Liquid H,
electricity and Fuel cell
heat from Feedstock
renewables
Power
generation
Refo.l;.mln'g ar Haber-Bosch Direct
gasitication process combustion
of fossil fuels
Fuel cell
Feedstock
Ammonia
furnace

Capture
and storage

There are multiple options for the production, transportation and
consumpltion of zero-carbon hydrogen and hydrogen-based fuels
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B L B 0D 53 B R -B5RL (CCUS)

Global energy-related CO, emissions

Gt 36 < New Policies Scenario

30
24

18 Existing and under construction

power plants, factories, buildings etc.
12

6
Coal-fired power plants WEO2018

2017 2025 2030 2035 2040

Coal plants make up one-third of CO, emissions today and half are less than 15 years old;
policies are needed to support CCUS, efficient operations and technology innovation
25
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M Fossil fuels

New Zealand
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United States 10%
India 1%
Poland
United Kingdom 10%
Czech Republic 19%
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Sweden 35%
Austria
Finland 19%
Germany 8%
Turkey
Hungary 18% IEA
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Italy
Switzerland 25%
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Slovak Republic 24%
Spain 13%

France 44%
Japan gy * Self-sufficiency =

Belgium 20% domestic production /
total primary energy supply

Renewables

Nuclear

27% B Fossil fuels
Renewables
Nuclear

9%10%

12% 14%
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Luxembourg
Korea 14%
EU28 14%

10%
IEA Source: Energy Data Center, IEA.
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Note: Does not include fuels not in the fossil fuels, renewables and nuclear categories.
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Value-adjusted levelised cost of electricity (VALCOE)
in NPS 2020-2040
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WEO2018

The contribution of nuclear power could decline substantially in leading markets,

while large growth is coming, as China takes first position within a decade
30



|l

Ll

H
2
S
il
L
S
S
e
| g
ol

& B {ifh EE B

- 2013 2014 2015 2016

A% (USC) 53

KA 154 198 219 179
JRF 7 241 209 351 313
W) 123 128 147 126
NP 145 148 166 137

JEPIC &4} & H5HE& 2/ China Federation of Power Company



e Yes. LHL KEERIKIF/NTH A LI

JRF AL HEH?

(. ZET.ENULT. ZWVEREIES LAY,
s [FRBAMHLIE, SLRIILVEEYPEETIID
ERAUVEHEDBAEIC/NIERIPFNHE,

« ZEREVEFDEANSEEITAZT, HAKXOEB
MR ILEIR DD —1R, B DTIL=DLET
L5 — 7w2m¢ﬂmeTMH JRF N & KHEX

)

B
- HEMME. BEDEF. BEIRILT—EE
15 TR

B

Rk D INEEIKFEDHZ

-

INBI R RIEE L L CHAE I RILE—ED

HEZX

=

MY, REL

BICKDRAFEARBFTENE—DI

ajjr

]

FfRRiRREE S A AR £325~%, X

32



ZEME. A BE. BEMLEICEN =R EESEF
(Integral Fast Reactor) & B A2 R 87 X B L IE iR 5%
(Pyroprocessing)

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

Dr. YOON IL CHANG
Argonne National Laboratory

Assembly Dismantling
and Reassembling (AIR CELL)

Fuel Transfer Corridor

Reactor Vessel \
Fuel Pin Pyroprocessing

and Refabrication (ARGON CELL)
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