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DIRECT AIR CAPTURE OF CARBON DIOXIDE

Low CO;
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David Sandalow, Julio Friedmann, ICEF Roodimep 2018
Colin McCormick and Sean McCoy

Innovation for Cool Earth Forum
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BIOMASS CARBON REMOVAL AND
‘STORAGE (BICRS) ROADMAP

s

Carbon dioxide removal (CDR) essential for meeting climate goals

“All pathways that limit global
warming to 1.5°C with limited or
no overshoot project the use of
carbon dioxide removal (CDR) on
the order of 100-1000 GtCO2 over
the 21st century.”—IPCC 1.5°C
Report (2018)
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ICEF Al FOR CLIMATE CHANGE MITIGATION ROADMAP

PART I: BACKGROUND

Chapter 1. INTRODUCTION TO ARTIFICIAL INTELLIGENCE IN’L}';[:_";'GCE'QLCE
Chapter 2. INTRODUCTION TO CLIMATE CHANGE . —aFOR E
o/ 8 & CLIMATE CHANGE
PART Il: HIGH-POTENTIAL OPPORTUNITIES TEER S MITIGATION
Chapter 3. GHG EMISSIONS MONITORING : J \ Torrro

‘Ottober 2023

Chapter 4. POWER GRID

Chapter 5. MANUFACTURING
Chapter 6. MATERIALS INNOVATION
Chapter 7. FOOD SYSTEMS

Chapter 8. ROAD TRANSPORT

PART IIl: CROSS-CUTTING TOPICS
Chapter 9. BARRIERS
Chapter 10. RISKS
Chapter 11. POLICY
Chapter 12. FINDINGS AND RECOMMENDATIONS




IcEr 100 'IOYearS of ICEF History

e Biomass Carbon Removal
aris Agreement and Storage (BICRS)
R

oadmap

GREEN
TRANSFORMATION

Supply side

Direct Air Capture of Innovation for Just,
Carbon Dioxide ,
Rokdmen Secure and Sustainable
Carbon Mineralization

Roadmap Global Green Transformation

Technological + business, policy and social innovation
supply + demand sides
Inclusion of youth and women




50th Anniversary: IEA was established for the 1973 Oil Shock  Ukraine 1&1l

IEA’s mission is energy security : it released the Strategic Petroleum Reserve Five times.

$/b (real 2010 dollars) leyan Crisis
150

|[EA establishment i
125 Gulf War Hurricane

100

75 4

OPEC +alliangep % 15 9.7
B mmbpd

T T T Ll Ll L] L] Ll T T T
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
—— imported refiner acquisition cost of crude oil — WTI crude oil price

urce: U.S. Energy Information Administration, Refinitiv

Dr. Fatih Birol, Executive Director of IEA says that we are in the
middle of the “first truly global energy crisis”.
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For every USD 1 spent on fossil fuels, USD 1.7 is now spent on clean energy.
Five years ago this ratio was 1:1.

The recovery from the Covid-19 pandemic and the response to the global energy crisis have
provided a major boost to global clean energy investment

Global energy investment in clean energy and in fossil fuels, 2015-2023e

72 0T 0 e PR
N

N

Q w Clean energy
)

-5 m Fossil fuels
E

1200

800 - IEA World

Energy

Investment 2023
400 -

2015 2016 2017 2018 2019 2020 2021 2022 2023e
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Net Zero Roadmap 2023 update by IEA

Figure 1.16 = Clean Technology Deployment Index

NZE 2028-2032 =100

20

..................................................................................................... * mHydrogen
m Biofuels
m CCUS
W Heat pumps
l' w Efficient appliances
mEVs
Nuclear
= Other renewables
Wind
m Solar

2010 2015 2020 2023e

IEA. CCBY 4.0.

Deployment of clean technologies has increased significantly since 2010 11



Europe and Russia are at the Energy War.

LNG became a new baseload supply for the European market

__50%

40%

30%

share in total EU gas demand (%

10%

0%

Executive summary — Towards a New Global Gas Market

The share of LNG and Russian piped gas in the European Union’s natural gas demand (2001-23)

2014:
2006: Russia’s annexation of
Cuts in gas supply Crimea

2021:
“Artificial scarcity”
caused by Gazprom

Via Ukraine

2009:
Cuts in gas supply

Via Ukraine
2022:

Russia’s invasion of
Ukraine

2004
2005
2006
2007
2008
2009
2010

—
—
™

2015
2016
2017
2018
2019
2020
2021
2022
2023

2001
2002
2003
2012
2013
2014

=O=Share of Russian piped gas =O=Share of LNG

IEA. CC BY 4.0.

Sources: |EA analysis based on ENTSOG (2023), Transparency Platform; Eurostat (2023), Energy Statistics; Gas Transmission System Operator of Ukraine (2023), Transparency
Platform; ICIS (2023), ICIS LNG Edge; IEA (2023), Natural Gas Information.

Global Gas Security Review 2023 . [EA

12



World's Largest Crude Oil* Producers

mb/d
14
1 3 2014: 2016
Russia’s annexation OPEC+ Russia

1 2 of Crimea

Jan 14

—_— JSA

L ——

Jan 15 Jan 16 Jan 1/ Jan 18

Saudi Arabia

2020
COVID19

)

Jan 19 Jan 20 Jan 21

Russia

2022
Ukraine War

Jan 22 Jan 23

*Includes condensate
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_ _ _ o _ WEO2022
Russian oil and gas exports in the Stated Policies Scenario
Oil exports Gas exports
9 375
mb/d bcm

WEO
2022

6 250

3 125

2010 2015 2020 2025 2030 2010 2015 2020 2025 2030

Russia’s share of global oil and gas trade halves by 2030, with exports from the United States, Middle East,
South America and East Africa — and enhanced efforts to reduce demand - filling the gap

14



RRITADEREFENDRKD? WE02011

N.America’s Shale Gas revolution and Asian Demand expansion. Russia as a stable supplier. Japan
contributes by LNG trade. Australia a new comer. Reduction of CO2 emission by replacing coal.

iea) L’:f:,'g";ﬁggﬁ'q Figure 4.17 - S5elected global gas frade flows in the New Policles Scenario [bom)

ARE WE ENTERING Special
A GOLDEN AGE OF GAS? Report

O U T Lo O K ﬂ &‘ﬁ L] :::::m:mm :!“ﬂ — :n::ma Mot Americl 15

Alrica China B ausiralis Sourth iimerich

Tht Pl . et | peiedion 10 [het #0200 OF O SEsved el Do e 19110 00 Lt el pevia i o bvbpevd Dl ey sl ncrueddariy. el 10 T vt OFf divp | EATHIONTE iy O bl

The sirong imporf growth in Asia vnderping a fundamental shiff in rade lows away from the Allantic basin lo the Asio-Pacific region



KARATAODRERFRETEDLHSLELTNS! Sle

WEO2022
Global natural gas demand Change in global gas trade,
2021-2030
6 OOO ................................................................................................................................................................. 200 .......................................................................................
bcm bcm
4 500
. Advanced economies to
Are we entering a European
Golden Age of Gas? (2011) Russia to China Union
3 000
Russia to
European
Union
1 500
DO e
2010 2020 2030 2040 2050 Pipeline LNG

Strengthened policies, high near-term prices & energy security concerns bring the “Golden Age of Gas” to a close

16
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_ _ - _ WEO2022
Fossil fuel demand in the Stated Policies Scenario, 1900-2050
600 .........................................................................................................................................................................................................................................................................................
EJ Historical Projected

450
300
150

1900 1950 2000 2050

Today’s policy settings are now sufficiently strong that they produce a distinct peak in fossil fuel use before 2030

17
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E 800 ................................................................................................................................. Trade WEOZOZZ
a = STEPS
Under construction . ——APS
600

STEPS:Stated Policies Scenario
->2.5°C

BIERKRAHR
NEEHRIL
== < DM

?

APS:Announced Pledges Scenario
->1.7°C

Existing LNG capacity NZE:Net Zero Emissions by 2050
200

Scenario->1.5°C

2015 2020 2025 2030 2035 2040 2045 2050

IEA. CC
There is near-term growth in LNG trade in all scenarios, but sharp divergences therea

18
Note: LNG capacity is adjusted to reflect inter-regional trade between regions modelled in the Global L....,
and Climate Model, and de-rated to 80% of nameplate capacity.
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IEA’s Net Zero
by 2050

No new sales of
fossil fuel boilers

Buildings
3 35
JU-' 30
© Transport
25 SN
POl Industry
15

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

8 AI-%3& L 1=“Net Zero by 2050” [ i

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

No 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 an}\ual 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

E| A1 LA °)|eq

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, céptured

19

Net Zero by 2050 sets near-term milestones to get on track for long-term targets. (Back-casting)



It is the first IEA shock.

Figure 3.2 > Codl, oil and natural gas production in the NZE

Net Zero
by 2050

A Roadmap for the
Global Energy Sector

Oil

Coal

1990 2000 2010 2020 2030 2040 2050
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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[Bilravyl o [IEAYa vy 7] #5|gRZ L=, ZhELER—FHARRATR
D70z bPa2eTEILBLIEEST-LITFELoNE=DHTHSB, 20



v B ‘

‘ 55 O T 3P 1 o

A 1 TH L F=< #HT 1=

EBERE /B EFNHHRER

<
[1]
5
T
H
=
N
_I_
1
[l
IR

B ¥ TX#E

2020-6-27

Hirp fih

EEEIBREEE (OECD) RiE

CDIB EAER, BEEXRE
EXBRRSERTITECEMESELNT

(REHERY) 8. EENRERET

fciah
ERfTRL¥—#BE (1 EA) ERERICH

5
Fo 2%

EREHN M —E (<) SNNRY - U0
HREIRIKN 625" Sy R FRRetO—C |
HNR23 — (BB QA0 RIASRU SN —or-OfH |
S HN2— IS IR —m<il |
FISH 0 R0 O GrEIE KEERNK 0 |
VS0 LNIRE QBTSN S D P,
O FIEEE Hae2— HGHIRIE B O 510 |

b

OANESDONT R ¢ S
ERVERSHRMOMNEO
SHIEKERMENOOIRTE
10° ¥HEL—m<SNELOH
BN EFTHR
# (OAmO) SERMR D6
HRAUBINIR RADNER
TR R0 ) S0 B
IR E-° DN R
BELONCEIRERVE
ZOIKEERN S DR IRIEIT
NI LR e

DRIKEMSEED K20
1° SHEIN —m<RHA
O NOOHSND L] |
ASOFHIRIRMERS N Y=
KN —GHE [ ma
o AR ) D490 IEREE
R A Lion R SEIR
BERAHL0”" RBLIERE
RIS RO {800
ASORE KR B
PEMOHSH® SOOQIRE
{PFIS0°

N LPONOUOON DR

W iR 38 D SR WA

gO0-NLIRILF—TEkE

ZEET
to_b 7r7 I“ l./s
HRXH2025F (2T E—

IEA 3 3 Y% (Net Zero
j

20507 A

Tl

) MT—F oKt
HZz LTRHDOD Y
14 FHEXIZ

—
L

71

Em\ﬁx\Eﬁﬁ@DDYﬁﬂﬁﬁﬁwmfﬁotw
HORIEDIBHIE O S0 m

2F RERE
w”w ale
o3 i
m ]
fie |8
e i g
() B |
o a3
o gux
B S¥in |
L4 mmm
Y Tla
N it
fry T HEeR|
Qe A 8Ka I8
SEHE5E 8 B °

YRS [DEEHS -
SRR ) O SO
AB0L85° NSRS
RA[UL AT~
B0° JEge—X XN
—" OANER—hAKEEDS
MSRIRM B RCSRER
BU—DNDLOMWE R EG
BEUDOINT AT E O 4246
ORGSR

BRI S e NN N 62N
ERP OSBRI
V2R OALOAREROW
[EEEREEAE I O 0 S
KERNMOHNE ¢ SHYIEE TS
EEREVITTEEE Y Fi
SR O 42°

5

A b

21

HEHX R —IESEHI
G SR (WD)
BIESEEVER MM e
LOSEIHERK (JZ0)
R VBB NSRS o0
HAEORIO0AL DM 5107
EHETEH K% — IS R
N S Y
MR EN-RSEMEHI
AR KEHEES =z OEH
VBN | 27 O<LCS iy
SRR HEE D
— RSP NN H—
N (EREE) RSB
W ok L
Ho8E " HESEHHTERH
N2 —ARHVS HN R —

TR
DN INUNPLIES B

AR EEN2—2 D
—NQEHE « NN INIOE
BRI o ISR RS
BHOISRONN VLS
2% DOANTRE ¢ SFERY
EECMWERI-Y" REhED
S O PO {VESITEE
HEHINE QR HIv S
TR N S00°

FUMMRASAUNE® TEN--RTS
TRPBRECROZIN0N
DA NS REET R e
NN KD 5107 1
FEHN2A —EKOHONED
RERIE TS TR S RN
KR ¥ CRERR RN
TR PR SR
T I EELOSNGT N—
A KIS S pN IR
L EEHI OO0 TIRYES

(ST B e S R
TS KPR | HE )

DOhH LGy

o



Renewable Electricity must Triple by 2030 to achieve net zero by

2050

Net Zero Roadmap 2023 update by IEA

Figure 3.1 > Global renewables power capacity, primary energy intensity
improvements, and energy sector methane emissions in the
NZE Scenario, 2022 and 2030

Renewables Intensity improvements Methane emissions

= (1201010 N 72 o 150 coereeeeirrr
O —>

8000 ooooeee|oeiiieiend 100 0 e o

X3 -75%
A000 oeeeeeeerereiinnend 50 cor e

\ 4
2022 2030 2022 2030 2022 2030

IEA. CC BY 4.0.

Renewables, energy efficiency and methane emissions reduction options
are available today and crucial to reducing near-term emissions

Notes: GW = gigawatts; Mt = million tonnes. For energy intensity improvements, the 2030 value reflects the
annual improvement between 2022 and 2030 in the NZE Scenario.

Figure 3.5 = Share of total electricity generation from wind and solar PV by
selected country/region in 2022 and in the NZE Scenario in 2030

m Wind
Solar PV

European Union
United States
China

C & S America
World

India

Japan
Southeast Asia
Africa

2030

Denmark
Ireland
Germany
Spain
European Union
United States
China

C & S America
World

India

Japan
Southeast Asia
Africa

2022

20% 40% 60% 80%
IEA. CC BY 4.0

Integration of solar PV and wind is critical to the NZE Scenario, as their share in total
generation in most regions reaches levels in 2030 seen only in a few countries today

Note: C & S America = Central and South America.
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Current share of global production/capacity by country
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Net oil imports of selected countries in the
Stated Policy Scenario (mb/d) WEO2019

Net Oil Import by OECD vs China+India

2000 2018 2030 2040

B OECD m China+India

Asia becomes the unrivalled centre of the
global oil trade as the region draws in a
rising share of the available crude.

In 2019 India has officially requested to
become a full member to the IEA.
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Reductions in emissions from oil and gas operations in 2030 in the NZE Scenario and
cumulative cost and savings of deploying these measures from 2022 to 2030

Emissions reductions in 2030 Cost and savings to 2030

Methane Methane i
Flaring Flaring -:

Electrifi- Electrifi-
cation cation L
Emissions from
CCUS CCUS Oil and Gas
Operations in Net
Hydrogen :| Hydrogen Zero Transitions
| ] by IEA 2023
400 800 1 200 - 100 0 100 200 300
Mt CO,-eq Billion USD (2022)

“ZOBEIZIE USD 60008 FILASBELA, Bom L =RIZNDRNIEM A= 3ED1,
COP28TIEMBDALERENS, " (Fatih Birol
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Apple is another winner demanding RE100 by
2030 to its suppliers. 213 companies accepted.

 Among them there are 28 Japanese corporations: Alps Alpine,
Amagasaki Seikan, Citizen Electronics Co., Ltd, COSMOQO,
Fujikura Limited, Hirose Electric Co., Ltd, I-PEX Inc, Japan
Aviation Electronics, Limited, JDI, JXTG Holdings Inc, Keiwa
Incorporated, Kioxia Corporation, Minebea Mitsumi Inc, Murata
Manufacturing Co., Ltd, Nidec, Nihon Dempa Kogyo, Nippon
Mektron (Mektec), Nitto Denko Corporation, Seiko Advance Ltd,
Sharp Corporation, Sony Semiconductor Solutions, Stanley
Electric Co., Ltd, Sumitomo Electric Industries, Taiyo Holdings
Co., Ltd, Taiyo Yuden Co., Ltd, TDK Corporation, UACJ
Corporation, Tsujiden Co., Ltd

28



TOYOTA as a Leader of

Hydrogen since 2014 and

pushes Japan’s H2

economy

>180 HRStations in operation: JHyM targets

total 500 by 2027fy.

Next-generation Mirai

TOYOTA

Sales start:
\End of 2020

In FCV Korea overtook Japan, while in EV Japan is far behind China.

Fuel cell electric vehicle and hydrogen refuelling station stock by region,

2022

Share of FCEV and HRS stock by region, 2022

100% 72 100 1 020
(o]

90%
80%
70%
60%
50%
40%
30%
20%
10%

0% -

FCEVs HRS

OKorea mUnited States mChina @Japan mGermany ORoW

Thousand

70
60
50
40
30
20
10

0

FCEV stock by region and mode, 2022

PLDVs

LCVs

Buses

IEA. C(

Trucks

Notes: FCEVs = fuel cell electric vehicles; HRS = hydrogen refuelling station; PLDVs = passenger light-duty vehicles;

LCVs = light commercial vehicles; RoW = rest of the world.

Source: IEA analysis based on the data submission of the Advanced Fuel Cells Technology Collaboration Program.

C BY 4

C

Electric car sales, 2010-2023

Million

16
14
12
10

o N A O @

IEA Global EV
Outlook 2023

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023E
@mChina mEurope mUnited States mOther
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Investment in electrolysers by region

N. America is the center for new CCS projects.

. N I I 2010 2013 2016 2019 2022 2025 2028

2010 2012 2014 2016 2018 2020 2022
® North America Europe m China

Asia Pacific Middle East Other
m Europe = China = United States mLatin America Other IEA World

Energy
Investment 2023

The momentum behind the global low-carbon hydrogen sector has been given a major 3,
boost by Russia's invasion of Ukraine as well as the US Inflation Reduction Act.
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Production costs using electrolysis and variable renewables under announced climate pledges, 2030

Hydrogen-based crude steel

Hydrogen

2 5 @ 1000
= S
=) %)
D
4 800
3 600
Typical production
costs based on fossil
2 fUE’/S 400
1 200
China India United Western Japan China India United Western Japan
States Europe

States Europe
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Long-term hydrogen production costs from solar & wind systems
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| Chile
Liquefied Hydrogen Carrier “"Suiso Frontier” m New Zealand -

Launch ceremony (11 December 2019) Cargo Tank Installation (7 March 2020) — N atu ra I G as (BI u e) 3 3

at KHI Kobe Shipyard at KHI Harima Works
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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% . g::té-:;i)
N

Critical
minerals
(11%)

Natural gas
(12%)

WEO2021

v A TKZORFKN S NIEMCH/LOHCAA G HDEEREEICER > THRH S
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2040 A European hydrogen highway
A pan-EU backbone stretching into all directions, with a length of almost 23,000 km

J Guidehouse

1. Preliminary ostimation, the actual capacity of the meshed grid requines mono detailed anaiysin

ZixaBiE9

Important developments and corridors

o

2]

A core, pan-EU hydrogen infrastructure of almost 23,000 km,
with large corridors connecting most of Western Europe with
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.°

The EHB enables connection to global hydrogen flows, including
North Africa, the North Sea (UK and Norway), possibly Ukraine
and Russia

o o

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
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IS4 ANEEE
USD (2021) per tonne of CO; 2030 2040 2050
Stated Policies Scenario
Canada 54 62 77
Chile, Colombia 13 21 29
China 28 43 53
European Union 90 98 113
Korea 42 67 89
Announced Pledges Scenario
Advanced economies with net zero emissions pledges® 135 175 200
Er:qieszgi;nni ?Iir;jkgeésaznd developing economies with net zero 40 110 160
Other emerging market and developing economies 17 47
Net Zero Emissions by 2050 Scenario
Advanced economies with net zero emissions pledges 140 205 250
0 w0
Other emerging market and developing economies 25 85 180
Note: Values are rounded.
!Includes all OECD countries except Mexico.
IEA's WEO2022

2 Includes China, India, Indonesia, Brazil and South Africa.

EU is starting CBAM

US IRA on CCS:

-45Q incentives increase from
$50 to $85/tonne for storage in
saline geologic formations from
carbon capture on industrial
and power generation facilities.
- 45Q incentives increase from
$50 to $180/tonne for storage in
saline geologic formations from
DAC.
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Russia’s invasion of Ukraine and disruptions in global energy supply
have made governments rethink their energy security strategies,
targeting diverse and domestic supplies

Nuclear Power and Secure
Energy Transitions

From today’s challenges to tomorrow’s
clean energy systems

Governments in over 70 countries have committed to achieving net
zero emissions, covering three-quarters of global emissions and
economic activity

2022-6-30

International
Energy Agency

Peaking CO, emissions this decade and starting a long-term decline is
essential to keep the door open to limiting climate change to 1.5 °C

The policy landscape is changing, opening up opportunities for
nuclear to make a comeback

“NuclearPower and Secure Energy
Transition” by IEA 2022-6-30 37
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Passed NRA Review! Under NRA Not yet

for the P for Changes . .

E i Reactor Instaliation & Review Applied

. m

- O reactors - 10 reactors O (eactors
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Z RESEWABY . B Figure ES1: LCOE by technology generating electricity 2020 edition

BIER,

LCOE [USD/MWAh]

- —
-

50 t
0

= S C 3 O = = 2 s © 5 = = 2 7
s § 9| < 5 = s ©® ¢ £ Y = = E & 33 3T 3
- Y = = — o 2 o v - n o 2 o ) =) v}
@ z 3 I 5 2 1S B ® I Il = @ o - =
S v = = £ ¢ £ A A 2 == 3 ©
E) © R =) S g & =3 o o o) Y O
= c O = = > =] < 2 5 =
s & = o = s = )
w 5 = ] o prd ° U]

o 5 0 o [%3) @ c

= (%2} Q v - 2

wv vy (o] —

c 5 o

© o

o :|>:‘ ©

>

T

Fossil fuel
technologies Low-carbon technologies

39

Note: Values at 7% discount rate. Box plots indicate maximum, median and minimum values. The boxes indicate the central 50% of values,
i.e. the second and the third quartile.
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World nuclear power capacity in the NZE

1 000 B Other emerging
= market and developing
O economies

OChina

) .
B Other advanced

- economies
|

8G7 members

400
Emm N :

200

0
2000 2010 2020 2030 2040 2050

To complement renewables in the NZE, the nuclear industry must deliver new projects on time
and on budget, with projects in advanced economies needing to cut costs by almost half from
ongoing projects.

“NuclearPower and Secure Energy
Transition” by IEA 2022-6-30
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IEA's NZ2050

Coal Qil Natural Gas Modern Renewables

B /°/ Nuclear Power is a “Successful
3 Failure” (Vaclav Smil)
25
20
{ Nuclear /TES %
/ 10 IEA's NZ2050

Share of World Energy Supply (percent)

2 s Wt
0
1)10 20 30 40 50 60 ‘010 20 30 40 50 60 210 20 30 40 50 60 210 20 30 40 50 60 0 20 40 60
1840 1915 1930 2012 Years since over 5% 1985

Years after Energy Source Begins Supplying 5% of Global Demand

1
Vaclav Smil vs IEA's Net Zero by 2050 *
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Overnight cost and construction times for selected recent nuclear projects

4

10 000
%ﬁ ©Initial Estimate O Vogtle 3 and 4 o Flamanville 3
& 8 000 (United States) (France)
Q © Latest Estimate
o
© Final Cost
0000 O Olkiluoto 3
(Finland)
4 000 O
2 000 O Shin Kori 3 and 4
(Korea)
0
0 5 10 15 20
Years
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Although advanced economies have nearly 70% of global nuclear capacity, investment stalled decades

ago and the latest projects are running far over budget and behind schedule.

“NuclearPower and Secure Energy
Transition” by IEA 2022-6-30
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TheUS has 100 types of nuclear reactors and only one type of cheese.
France has two type of reactors and 365 kinds of cheese.

Figure 10.6 = Historical overnight cost of construction for nuclear power plants
in France and the United States

—~ 10000 10000 —
g 08 g ¢ United States
N N (left axis)
2 8000 & 8000 = A France
. < (right axis)
2 ® 2
o P 0
S 6000 oY 6000 £
S KA :

4000 9%&000 4000

Qo

2000 ¢ A 2000
A
<§% gﬁ“ﬁ&éﬁﬁ A WEO02014

1968 1973 1979 1984 1990 1995 2001

Note: Overnight costs are shown for the year in which plants came online.

Sources: Cour des Comptes (2012), US CBO (2008) and US DOE/EIA (1986). 43



Innovation for Cool Earth Forum (ICEF) 2022 Nuclear Session
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Agreed on Four conditions for

“Sustainable” Nuclear Power.

(1) SMR with passive safety

(2) Radioactive Waste
Disposal

(3) Proliferation Resistance

(4) Socio-Political
Sustainability

Ambassador Emanuel of the US
joined as a keynote speaker.

He stressed importance of US-
Japan cooperation on nuclear.

| told him IFR of Argonne
National Lab is the sustainable
nuclear model and should be
applied to the Fukushima
meltdown fuel debris solution.
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* Flexibility: “The ability of nuclear energy generation to F C \
economically provide energy services at the time and location they FOR NUCLEAR-RENEWABLES INTEGRATION
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 '
into @ more _ | S
. T : : s flexible energy Oy
Prodyc.t flexibility: Innovation can increase the flexibility e : /
of existing nuclear reactors to produce both clean can work alongside
electricity and beneficial non-electric products. chemical plants and :
renewable generators i
* Deployment flexibility: Advanced reactors will present tocreate integrated €% > = ', "

energy systems. -

even more opportunities for flexibility in nuclear systems
at various scales.

Nuclear flexibility can enable other clean energy

generators. iE FLEXIBILITY oF NUCLEAR

https://www.nice-future.org/flexible-nuclear-energy-clean-energy-systems

ﬁ

Innovation for Cool Earth Forum Jill Engel-Cox
7th Annual Meeting -Virtual Forum- - Director, Joint Institute for Strategic Energy Analysis
4 National Renewable Energy Laboratory
OCTOBER 7-8, 2020 ' Golden, Colorado, USA

*Concurrent sessions will be held in advance from late September

»
2

energy.gov/ne

NICE Future

Nuclear Innovation: Clean Energy Future

An Initiative of the Clean Energy Ministerial
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GE-Hitachi’s
PRISM

Dow Chemical
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The Leaders jomntly inaugurated a new era of trilateral partnership: New
GEOPOLITICS?
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US-Japan-Korea VTR Cooperation : BKE T
NHLEOKERMHE

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

X
® MOC was signed 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)

TOE—HFRBEREOT I LBICEXBLEZCRAT SERET A A RELHARA T,

Collaboration of US-Japan-Korea be applied for Fukushima Debris separation using IFR.
As a first step, application of Pyro-processing to the Debris of TMI be examined at INR.

P & &z
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Niigata. S. Korea can dilute HEU for

LWRs.
Japan & Korea should join the Treaty

of Prohibition of Nuclear Weapons.
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Japan should engage to the
denuclearization process of North
Korea by offering to buy their
Plutonium and burn in the Nuclear
Power Plant at Kashiwazaki-Kariwa,



There are 50 potential nuclear weapon states m the world today.
Nme have weapons, while Ten sign i the Nuclear Weapon Ban Treaty.

Circumstantial Relationships Between WNA-Reported Civil Nuclear Ambitions and Different
Categories of International Military and Geopolitical Status

Ambitious stated nuclear new-build plans 2018 World Nuclear Industry Status Report
(> 6 000 MWe)

All 143 others countries

Ukraine UAE of the world are non-nuclear
Military status Nuclear Weapons
Japan Saudi Arabia of ‘major regional States
S. Africa ® Turkey power’ or above official (*) and
S. Korea / Australia “u"nc:zf';lp(T)
No formal current Currently oneratin i
new-build plans Permanent members of or Iaxnilla'l Q) £
° the UN Security Council m?clear sﬁbs , " N K .
srae . Korea
Member or China® »
Signatory to the Spain Russia® India
Treaty on the Sweden UK®
.y. . Netherlands | Canada USA® Iran® Bangladesh®
Prohibition of - E Belarus
ST Chil
Nuclear Weapons l France® Brazil® @ Indonesia® i
: ; . Jordan
(92 Signatories, Germany Nigeria o Malavsia®
' Tai Pakistan Argentina e
68 states parties) aiwan Mexico ® Poland
Belgium Slovenia
Italy Armenia Finland Lithuania Thailand @

Vietnam @
Philippines @

Switzerland Bulgaria Hungary Romania

Czech Rep. Kazakhstarn® Slovakia
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Policy Recommendations
by the Quadripartite Commission
on the Indian Ocean

Regional Security

Towards a more stable security environment
in the Indian Ocean region

U.S. to Share Nuclear

Submarine Technology
With Australia in New Pact

A new defense partnership between the U.S,
the U.K. and Australia forms to focus on security

THE SASAKAYYA FEACE FOUNDATION

Visit to USS lllinois SSN786 at Yokosuka.
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Yutaka Kamada,

TH E ITE R M ISS IO N Deputy Director-General for Science & Techpolqu

ITER Organization

Demonstrate the scientific and technological feasibility of fusion power
for peaceful purposes at the reactor-scale
Controlled fusion plasma with DT Fusion gain : Q = 10, Fusion Power 500MW

Integrated Fusion Engineering System

. . : A platform open to the world
First of a Kind fusion system for fusion science / technology

Superconducting coils ~4K / human resources
Plasma 840m3
~150 M°C From 2007

%"J*O
Assembly _. ITER
with accuracy Project

-~

Members
contribute -Q’/&”'s ‘/‘ rw
“in-kind” 5]

i (80-90%)

Al 19°coils
Manufacturel: g f
compieted / \|

i di—

‘ New Baseline to be proposed to the ITER Council in 2024

| GEF

Innovation for Cool Earth Forum

J\ﬁat Rﬁlon -

System completed “
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Private funding

Private funding 3 year moving average
Private funding 5 year moving average
DOE FES funding

IRA funding
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Roadmap to ARC: Eni & Divertor Tokamak Test Facility

ENI & Commonwealth Fusion DTT DIVERTOR TOKAMAK TEST EnED

Bicoceh

@ Eni/CFS Roadmap

Eni endorsed MIT approach:
innovative technologies - known physics

wh

eni

| GEF

Innovation for Cool Earth Forum

Eni investment in CFS - 3 phase fast-track approach
to the first commercial compact high field tokamak

Phase 1. 20T HTS magnetic field reached /

Phase 2. SPARC First experimental tokamak
for technology demonstration Q > 1

Phase 3: ARC first demonstration fusion power plant

Eni was among the first movers in the Energy Industry 59




Helical Fusion Co.

Why us? - Stable Operation

Tokamak

® Simple in structure, but quite

difficult to operate continuously.

Junichi Cp RERE Takaya & ZBLY
MIYAZAWA =N TAGUCHI MIZWHO
Co-Founder, Co-CEO (g Co-Founder, Co-CEO o= =
Head of R&D - Head of Business/Finance BB IR

%

pwecl

3/23

Why us? - Achievement

“LHD?” is the only device in the world which has achieved
100 million degrees Celsius and plasma duration time for over 3,000 sec.

Large Helical Device (LHD)

at National Institute for Fusion Science (Japan)

7/ 23

@ Complex in structure, but good

for operation and maintenance.

—Suitable for power generation

https://www-lhd.nifs.ac.jp/pub/LHD_Project.html

| GEF

Innovation for Cool Earth Forum

6/23

4/ 23
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Clean Planet: Solid state Fusion

| GEF

Innovation for Cool Earth Forum

Quantum Hydrogen Energy (QHE)

Heat Released Energy induced by Quantum Phenomena during the
Diffusion Process in Nano-sized Metal Composites with High Density

of Hydrogen

Nano-sized Ni based Composite Material

Hydrogen | N1 14nm

Ogem . CFD

o sion Hy rogcp*»
1e'e : J 7/} ! . Q
¢ < Oo

o

Heat

» No CO, emission

> Output energy i1s more

than 1000 times higher
than the combustion
reaction of the same
amount of hydrogen.

Almost No Radiation

QHE has the potential to
become a compact, high-
power, CO2-free energy clean

source. p[Qm@t
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Climate Change is NOT Gender Neutral

@ o Key Findin gS
[ Critical mass of

@CIimate 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
show better gender diversity.

>30

Gender
Equality

governance and innovation.

Legislation and reporting
requirements accelerate

Study by the Sasakawa Peace
Foundation and BNEF

imnowation for Cool Earth Forum
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Why does CIGS setup Only
Women Working Group for
Advanced Nuclear system?
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Nuclear Community is very male-dominant.
Unfortunately most of these men are not
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eager to transform the current system with

vested-interest orientation.
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system which then may be acceptable for

Women as outsiders can change the

general public in japan. Women have much
more strong sense of safety and security

than men.
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If the President of TEPCO were

a woman, she could have avoided the

Fukushima Accident in 2011.
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ima recovery

“If the President of the Tokyo
Fukushima Daiichi Nuclear

Electric Company had been a

Nikkan Kogyo shinbun 2021-
4-5

women, she could have
avoided the tragedy of the
Power Plant disaster in 2011

Women did play honorable

role for Fukush

Tenth Anniversary of the
and can do more

Fukushima Accident.
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Climate change is NOT GENERATION Neutral!
Youth ICEF 2021 ' ',::::ﬂm':;gf
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Hakhim Bakhim

https://www.youtube.com/playlist?list=PL98g-xOVCQJY4D8YsztvZf-GcKxsEue u
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Innovatbion for Cool Earth Forum
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Rob Macquarie

Pia Andres

Leila Niamir SHIMOGORI Kei Aditi Verma Wang Nan YUKI Chika
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Nationalism cannot provide solution to the
three major global challenges to the
human beings of the 215t Century, namely
Nuclear War, Ecological Challenges,
Tech-destruction by Al (algorithm).

Now that Liberalism and Democracy
seems to lose credibility, select politicians
who understand and try to solve these
three challenges.

Political leaders with “Global Identity” are
needed.
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