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IEA was Established for the Oil Shock of 1973
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US spare capacity exhausted

2: Arab Oil Embargo
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. lranian Revolution

: lran-lraq War

: Saudis abandon swing producer role
: lraq invades Kuwait

: Asian financial crisis

8: OPEC cuts production targets 1.7 mmbpd
9: 9-11 attacks

10:

11

Low spare capacity

: Global financial collapse
12:
13:
14:

OPEC cuts production targets 4.2 mmbpd
OPEC production quota unchanged
Global pandemic reduces oil demand

2020



KA ZDEEZIFH A Golden Age of Natural Gas
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iea) ey rgen] ' Figure 4.17 - Selected global gas frade flows in the New Policies Scenario [bcm)

ARE WE ENTERING Special
A GOLDEN AGE OF GAS? Report
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The strong import growth in Asia underpins a fundamental shift in hade flows away from the Allantic basin 1o the Asia-Pacific region
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Dr. Fatih Birol, Executive Director of the International Energy Agency (IEA), said that
COVID19 made for a historic “Black April” for the oil markets. Renewable Energy is a

SOIe WI N N ER! Projected change in primary energy demand by fuel in 2020 relative to 2019
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Solar PV is becoming the ‘new king’ of electricity
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Sony warns it could move
factories over Japanese encrgy
policy

CEO pushes for renewable rules

revamp to meet green

manufacturing pledges of its
client Apple

Sony’s European sites already run entirely on renewables, while its
facilities in China are set to make that transition by the end of
March and by 2030 for those in North America © Bloomberg

By Kana Inagaki, Robin Harding and Leo Lewis
in Tokyo NOVEMBER 27 2020

[ 52

= Supply Chain

Mercedes-Benz supply chain
to become CO2 neutral by
2039

Mercedes-Benz announces its naxt milestone ambitions to make its supply chain carbon neutral by 2039
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Demand-side
Driven Energy
Transformation is
happening.

BlackRock pushes companics
to adopt 2050 net zero
emissions goal

World’s largest asset manager warns it may drop climate
laggards from active porifolios

BlackRack chief eascu Lerey Fir j
than he expected © Eoomcerg




Figure 3.2 =~ Codal, oil and natural gas production in the NZE

IEA’s Net Zero by

2050
Net Zero 150
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A Roadmap for the
Global Energy Sector 100
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IEA. All rights reserved.

Between 2020 and 2050, demand for coal falls by 90%, oil by 75%, and natural gas by 55%
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Set near-term milestones to get on track for long-term targets

IEA’s Net Zero by
2050

Gt CO,

No new sales of
fossil fuel boilers
Buildings {

Transport

Industry

i) Electricity

Most innovative low-
emissions technologies
in heavy industry
demonstrated at scale

Electric cars are
60% of sales

All new buildings are
zero-carbon ready

Universal energy access

All industrial electric
motors are best in class

No new ICE car sales

Electric heavy trucks
are 50% of sales

Most appliances and cooling
systems are best in class

2020 | 2025
N6 new unabated coal plants
approved for development

No new oil and gas fields
approved for development,
and no new coal mines or
mine extensions

2030
1020 GW anﬁual solar
and wind additions

Phase-out of unabated coal
in advanced economies

150 Mt low-carbon hydrogen;
850 GW electrolysers

2035

Overall net zero electricity
in advanced economies

4 Gt Co, cap'tured

Almost 90% of existing
capacity in heavy industries
reaches end of their
investment cycle

50% of fuels used in
aviation are sustainable

Half of existing buildings
retrofitted to zero-carbon
ready levels

Half of heating demand
met by heat pumps

2045

2040

Net zero electricity
sector globally

Phase-out of all unabated
coal and oil power plants

435 Mt low-carbon hydrogen;
3 000 GW electrolysers

1ed

More than 90% of heavy
industry production is
low emissions

More than 85% of
buildings are
zero-carbon ready

2050

Almost 70% of electricity
generation globally from

solar PV and wind

7.6 Gt CO, captured



A large ambition gap remains in 2030 [le

Gt CO,

Global CO, emissions

X0
Pre-Paris
baseline
40
2.7° C
110 TR
2.0°
20 e .
COP26 Pledge added 1.8°
O oot

1.5°

2000 2010 2020 2030 2040 2050

Despite recent positive signs, announced pledges close less than 30% of the gap to the Net
Zero by 2050 scenario

WEO2021
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Make the 2020s the decade of massive clean energy expansion

Solar PV and wind capacity Electric car sales Energy intensity of GDP
additions (GW) (millions) (MJ per USD PPP)
1 200 ....................................................... 60 ..................................................... 5 .....................................................
A
50 ...................................... 4
40 oo
x 18 3
Y0 NN CTISTIUUIUN DUURURURSIRPIRE
2
20 ......................................
10 oo 1
2020 2030 2020 2030 2020 2030

Technologies for achieving the necessary deep cuts in global emissions by 2030 exist,
but staying on the narrow path to net-zero requires their immediate and massive deployment.

1ed
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Prepare for the next phase of the transition by boosting innovation
CO, savings by technology maturity in 2050, NZE scenario

Behaviour 4%

In the market
50%

Unlocking the next generation of low-carbon technologies requires more clean energy R&D and $90 billion in
demonstrations by 2030; without greater international co-operation, global CO, will not fall to net-zero by 2050.

12



Energy Technology Roadmaps

iea

International
Energy Agency

.guide.

development and implementation

2014 Edition

IEAL RS
IEA Technology Collaboration Programs
(Implementing Agreements) on Fusion power

* Co-operation on Tokamak Programmes

e Environmental, Safety and Economic Aspects of Fusion Power.
* Fusion Materials

* Nuclear Technology of Fusion Reactors.

e Plasma Wall Interaction.

* Reversed Field Pinches.

e Spherical Tori

« Stellarator-Heliotron Concept.

Today in the
Lab -
Tomorrow in
Energy?

Highlighting research projects under development in
the Technology Collaboration Programmes

Technology report — November 2020

13
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Nuclear-Fusion Startup Lands $1.8 Billion as Investors

Chase Star Power

No one has been able to generate net energy by combining atoms, yet Commonwealth Fusion Systems has attracted Bill Gates and George

Soros

By Jennifer Hiller +Foliow]
| Photographs by Tony
Luong for The Wall
Street Journal

Updated December 01,202110:03 am.EST

Commonwealth Fusion
Systems LLC said it has
raised more than $1.8
billion in the largest private
investment for nuclear
fusion yet as startups race
to be the first to generate
carbon-free energy like the
sun.

MIT has tested a high-te

nperature

Experimental equipment at the Massachusetts Institute of Technology’s Plasma

Science and Fusion Center. Commonwealth Fusion was spun out of MIT in 2018.

Big-name investors
backing the latest funding
round for the Mass-
achusetts-based company
include Microsoft Corp. co-
founder Bill Gates and
George Soros via his Soros
Fund Management LLC.
Some of Commonwealth
Fusion’s competitors,
including Helion Energy
Inc., have also recently
secured huge funding as
investors pile into clean
energy technologies amid
growing concerns about
climate change.

Nuclear fusion has long

MIT and Commonwealth Fusion Systems, an MIT spinoff, are building a smaller

machine to demonstrate net enerav from fusion bv 2025

This big fusion reactor is being built in southern France for ITER, a $22 billion

multinational government-funded project.

14

The startup General Fusion plans to build a magnetized target fusion

demonstration plant. The technology uses a series of powerful...
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The rise of new energy-related commodities
Value of international energy-related resource trade

2019 2050: Announced Pledges Scenario 2050: Net Zero Scenario
USD 1.5 Trillion USD 1.5 Trillion USD 0.9 Trillion
Natural Critical
gas minerals Hydrogen
(14%) (18%) Critical (35%)

minerals
(47%)

Hydrogen (7%)

Natural
gas (5%)

Critical
minerals
(11%)

Natural gas
(12%)

Under announced pledges, a growing share of oil and gas trade flows towards developing
economies in Asia.

In all scenarios, but especially in the net zero pathway, critical minerals and hydrogen-
based fuels are on the rise

WEO2021
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Address emerging energy security risks now [EAs Net Zero by

2050
Oil supply and OPEC share Critical minerals demand Electricity system flexibility needs
- 50 ...........................................................................
=
40 ......................................................
2
30 9
x
<
Nickel =2
20 =
@©
Q
(&S]
10 Copper =
2020 2050 2020 2050 2020 2050

Electrification will increase from 20% to
50% in 2050

New energy security concerns emerge, and old ones remain; governments need to proactively plan for energy security risks related to market concentration,
critical minerals and electricity systems.
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Hydrogen — A common element of our energy future ?
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The Future of @
Hydrogen

Seizing today’s opportunities

12
Report prepared by the IEA Sl |
for the G20, Japan
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The Green Growth Strategy was released Dec 2020 to follow up Prime Minister Suga declaration
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IKZDEEFRDEIEH?
A Golden Age of Hydrogen is commg?

il 72

Russia

i
New Zealand

Liquefied Hydrogen Carrier “Suiso Frontier”
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EUIZ/INA TS 4 VEKEZEOEEFI AT AIC (The European Hydrogen Backbone)

2040 A European hydrogen highway
A pan-EU backbone stretching into all directions, with a length of almost 23,000 km

Important developments and corridors

with large corridors connecting most of Western Europe with

A core, pan-EU hydrogen infrastructure of almost 23,000 km,
valuable extensions into Central and Eastern Europe.

The backbone will consist of 75% retrofitted pipelines, with
diameters ranging from 24-48 inch, providing 3-13 GW,
transport capacity per pipeline. Combined with a fit-for-purpose
compression system, the backbone should be able to meet
currently expected annual hydrogen flows in Europe by 2040.'

North Africa, the North Sea (UK and Norway), possibly Ukraine
and Russia

-

The 2040 backbone can be considered as a critical milestone,
but not a final product. It represents a foundational network
upon which further developments can be built beyond 2040

¢ The EHB enables connection to global hydrogen flows, including

21

}'. Guidehouse 1. Preiminary ostimation, the actual capacity of the meshed grid requires more detailod analysis €



Power Grid Connection in Europe:Collective Energy Security and Sustainability

between European countries, 2018 (GWh)

Physical energy flows
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Statistical Factsheet 2018 by ENTSO-E

Connecting MENA and Europe: " Desertec'
as visionary “Energy for Peace"

DESERTEC-EUMENA

Q Concentrating
@ Solar Power

Photovoltaics n Biomass

Hydro

CSP collector areas
for electricity

- World 2003 &

W s a00s \
W MENa 2008 'L\._ l\f‘

W roass O Mo umina 2050

Source: DESRETEC Foundation
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“Energy for Peace in Asia”
New Vision by Masayoshi SON of SoftBank
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Stable Supply (through regional interdependence)

Fair Electricity Price
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Sustainable Nuclear Power?
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Nuclear is a leading source of clean electricity today

TWh

Low-carbon electricity generation in advanced economies by source, 2020

5000

4 000

3000

2 000

1 000

Nuclear Hydro Wind Solar PV Bioenergy

Nuclear power provided 10% of electricity supply worldwide in 2020. In advanced
economies, it has been the largest clean source of electricity for over 30 years.

iea”
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Nuclear could face a steep decline in advanced economies

Nuclear power capacity (operational) in advanced economies in the Nuclear Fade Case, 2018-2040

300
=
)
250
200
150

100

50

2018

B European Union
United States

m Canada

W Japan

Other advanced economies

2025 2030 2035 2040

Without additional lifetime extensions or new projects,
nuclear capacity in advanced economies would decline by two-thirds by 2040

iea
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Nuclear lifetime extensions provide cheap clean electricity
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Levelised cost of electricity (LCOE) in Japan by technology in 2018

New

Nuclear

Solar PV

Lifetime
extension

Wind
onshore

Renewables

Wind
Offshore

Coal Gas
supercritical  combined
cycle
Fossil fuels

Nuclear lifetime extensions are cost-competitive with new solar and wind,
and provide a dispatchable source of clean electricity

iea
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Power sector investment needs in advanced economies on a sustainable energy pathway to 2040

M Fossil fuels
Sustainable Nuclear
Development
Scenario W Renewables

W Batteries
m Networks

SDS without further

lifetime extensions

0 2

4 6 8 10 12

Trillion USD (2018)

Electricity investment needs to increase to lead clean energy transitions

without nuclear complementing renewables, total investment rises by more than 15%. 28
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Figure 3.10 = Global electricity generation by source in the NZE

m Oil
Unabated natural gas
. M Unabated coal
M Fossil fuels with CCUS
Hydrogen based

Thousand TWh
N
o

Nuclear
Other renewables

10 _ m Hydropower
Wind
m Solar PV
5
Net Zero by 2050
2010 2020 2030 2040 2050 2020 2030 2050

IEA. All rights reserved.

Solar and wind power race ahead, raising the share of renewables in total generation
from 29% in 2020 to nearly 90% in 2050, complemented by nuclear, hydrogen and CCUS



How fast Is the coming clean energy transformation?

Vaclav Smil says Nuclear Power is
“Successful Failure”

Vaclav Smil vs IEA's Net Zero by 2050

Many Years Needed to Take Over the Energy World

Figure 5. Reactor construction starts and share of nuclear power in total electricity generation
i : f =z 35 — 30%  Share of total
Each major energy source that has dominated world supply 5 percent. Oil has not yet reached 50 percent and may never. 5 First electricity 0il price shock of electricity
has taken 50 to 60 years to rise to the top spot. Coal reached Natural gas is still partway along the path and is taking longer 20 produced by 1973-74 generation
5 percent of global supply in 1840 (bottom left) and gradually to ascend. The so-called modern renewable energy sources— nuclear power Three Mile Fukushima 2°%
took over from wood, reaching 50 percent some 60 years wind, solar, geothermal and liquid biofuels—have hit only 2 Island Daiichi Non-OECD
later, around 1900. Subsequent transitions to oil and natural about 3.4 percent; unless a disruptive technology or revolu- 20% e OECD
gas have followed a similar pattern in reaching benchmark tionary policy speeds up change, they, too, may be destined 20 First nuclear I —World
levels of supply (vertical axis), rising steadily after they achieve for a long transition. f'a”t;"””e“ d 15% OKCD
o gr
15
. Chernobyl ——=Non-QECD
Coal 0il Natural Gas Modern Rengwables ) ' N 0%
50 10 1
s | I l | 5%
’ S
q
0 IEA4NZZO5O 5 | { " I|II|"I I.-ln i ||||| |I i
1950 1960 1970 1980 1990 2000 2010 2018

Share of World Energy Supply (percent)

N
C

Note: OECD = Organisation for Economic Co-operation and Development.

Sources: IAEA (2019), Power Reactor Information System (PRIS) (database); IEA (2018a), Electricity Information 2018 (database).

Most of the nuclear reactors in operation today in advanced economies were built before 1990.

Nuclear /TES % for OECD and World
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A A A A 0 20 40 60 80
1840 1915 1930 2012

Years since over 5% (W1985,01982)
Years after Energy Source Begins Supplying 5% of Global Demand
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* Flexibility: “The ability of nuclear energy generation to
6 o economically provide energy services at the time and location they
are needed by end-users. These energy services can include both
electric and non-electric applications utilizing both traditional and
advanced nuclear power plants and integrated systems.”

* Operational flexibility: There is an established body of
knowledge surrounding current sources of flexible

nuclear energy and its constraints. Nuclear is evolving 72
into @ more p S >
i iy . . G flexibl y
* Product flexibility: Innovation can increase the flexibility i h,\'/ & |
5 Lo source that .
of existing nuclear reactors to produce both clean can work alongside
. . electricity and beneficial non-electric products. chemical plants and
RE'mag"\lng renewable generators
Nuclear * Deployment flexibility: Advanced reactors will present tosteatsintegiatad SR
Engineering at various scales.

; «® _
even more opportunities for flexibility in nuclear systems el T J
€«

by Dr. Aditi Verma,
One of Youth

ICEF2021 THE FLEXIBILITY oF NucLEAR energy.gov/ne
00
000
Jill Engel-Cox et
D@ Innovation for Cool Earth Forum Director, Joint Institute for Strategic Energy Analysis NICE Future
U e . 7th Annual Meeting -Virtual F°’Umj i National Renewable Energ), Laboratory Nuclear Innovation: Clean Energy Future 31

OCTOBER 7-8, 2020 : Golden, Colorado, USA

*Concurrent sessions will be held in advance from late September




REZLIIBIFL L TOZERF/NESRFOER, BT 7 Y LE
126 ;EFRIEE, 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

Reactor Vessel
Fuel Pin Pyroprocessing

and Refabrication (ARGON CELL)

32

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.



S-PRISM Nuclear Steam Supply System

8 naTURAL
AIR GIRCULATION

GE-Hitachi
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FREEDHEFE, Passive Safety was proven by the
986 Experiment (loss of flow without scram) similar to the Fukushima event.

Loss-of-Flow without Scram Test in EBR-II
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April 1986 1300 —

1200 —
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OUTLET TEMPERATURE, °F

PREDICTION
® ® MEASURED DATA

—BEMICIFRDEREN LR TSE.
TDEREICTMNY, F2ELT=,

CORHEERE TN AT IFDOER
DHEFEIZEE =, BREIT—KRBIE
ngmh-ot-,

200
TIME INTO TRANSIENT, s

Dr. YOON IL CHANG
Argonne National Laboratory

300
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Transuranic disposal issues
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Application of IFR to Fukushima's melt-downed Debris
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US-Japan VTR Cooperation

v" VTR project is essential for USA and Japan to maintain experiences
and to develop innovative technologies, related to fast reactors.

X
® MOC was sighed among METI, MEXT and DOE on 12. June 2019.

® For further corporation, Project Arrangement between JAEA and DOE
(INL) is being prepared.

v JAEA has operation experiences of “JOYO” (Sodium-cooled Fast
Reactor) and “Large-scale sodium experimental facilities” (AtheNA,
etc).

VTR (Versatile Test Reactor) Sodium-cooled Fast Reactor Technology in Japan

v'Based on sodium-cooled fast reactor
(GEH-HGE’s PRISM design)

v Incorporate various coolants loops
(lead, gas, molten-salt)
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K FEFE NAGAI Takashi
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MELNSELIE, ZHIEHBEDELITEDOONSTHAI, | 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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U.S.-Japan Alliance Report by Nye & Armitage (2012/8/10)
[BEANRFNZREINEZRERICES]

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 serious repercussions for Japan.
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Gender Diversity and Young Generation will transform the
current system.
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[ Critical mass of

@Cﬁmate Performance >30% women on

Board (WOB) makes difference.
>30% WOB threshold is growing

. 2% => 16% in 10 years.
Climate )
Innovation More women in management

reasonably correlates to %
women in workforce

E Gender diversity positively International initiatives such as
TCFD is key driver for better climate

correlates to better climate governance, and early adopters
governance and innovation. show better gender diversity.
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Tenth Anniversary of the
Fukushima Accident.
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Innovation for Cool Earth Forum
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Climate change is NOT GENERATION Neutral! WEF
Youth ICEF 2021 _ novoton forC oSSR

https://www.youtube.com/playlist?list=PL98g-xOVCQJY4D8YsztvZf-GcKxsEue_ u
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for the 21" Century
TAHENGH

Yuval Noah Harari
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2 0—/N)VISRBRRDOEERICIGlobal Identity =
ED =S —HIUNEZ,

Nationalism cannot provide solution to the three
major global challenges to the human beings of
the 21st Century.

We need leaders with Global Identity.
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Thank you very much.

nobuo.tanakab0@gmail.com
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