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Disclaimer

» This presentation has been prepared by Satoshi YOSHIDA for delivery on 26 September 2023 at the GIIGNL Plenary
session of the Commercial Study Group & Technical Study Group joint meeting in Tokyo. It has not been prepared for the
benefit of any particular attendee and may not be relied upon by any attendee or other third party. If, notwithstanding the
foregoing, this presentation is relied upon by any person, Satoshi YOSHIDA does not accept, and disclaims, all liability for
loss and damage suffered as a result.

» The presentation may contain forward-looking statements concerning some companies’ or organisations' strategy,
operations, financial performance or condition, outlook, growth opportunities or circumstances in the countries, sectors or
markets in which those entities operate. By their nature, forward-looking statements involve uncertainty because they
depend on future circumstances, and relate to events, not all of which can be controlled or predicted.

» Although Satoshi YOSHIDA believe that the expectations reflected in such forward-looking statements are reasonably
reasonable, no assurance can be given that such expectations will prove to have been correct. Actual results could differ
materially from the guidance given in this presentation for a number of reasons. For a detailed analysis of the factors that
may affect somebody’s business, financial performance or results of operations, Satoshi YOSHIDA urge you to think yourself
very carefully.

» Nothing in this presentation should be construed as a profit forecast and no part of this presentation constitutes, or shall be
taken to constitute, an invitation or inducement to invest in any specific entity and must not be relied upon in any way in
connection with any investment decision. Satoshi YOSHIDA undertakes no obligation to update any forward-looking

statements.

» No representation or warranty, express or implied, is or will be made in relation to the accuracy or completeness of the
information in this presentation and no responsibility or liability is or will be accepted by Satoshi YOSHIDA or associated
persons in relation to him.

» These slides and the contents of this presentation may not be disclosed to any other person or published by any means
without Satoshi YOSHIDA ’s prior written permission.
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1. Japan Gas Association (JGA) and Japan’s city gas industry
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Japan Gas Association

iy

G Established: 1947 e A S
oa Members: approx. 200 S 2 R
No. of customers: 27 million
Gas volume: approx. 40 BCM
Gas pipeline extension: approx. 260 thousands km

Area coverage: 6% https://www.gas.or.jp/en/

Japan’s city gas industry was one of the first in the RECEIVING-TERMIVAL) (POLAR ALASKA)). TOKYO GAs Co.,
world to import and commercialize LNG for city gas ,
supply in 1969. Town Gas. '

s Town Gas to City Gas | ‘
reve Why natural gas? Sulfur Free, High Calorific Value “ « 'Ba -
(40MJ/Nm3), Low carbon emission among fossil fuels.

[*1872 Yokohama

City Gas

FY2021 LNG import 71.46 million tons

37 yearS town gas to city gas

Conversion effort - Cola/oil gas to natural gas.
Visiting every home adjusting, replacing every gas equipment,
safety inspection.

© 2023 The Japan Gas Association -
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City gas infrastructure
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m Pipeline Extension FY 2016 B[ NG Terminals
264,475km(100%) =227,095(86%) + 34,993(13%) + 2,387(1%) 37 LNG terminals along the coast of Japan.

Low Mid High 21 of them are wholly or partly owned and operated by gas utilities.
Under 0.1MPa 1MPa-0.1MPa Over 1MPa
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Gas Pipeline Extension - EU-Japan-US

Map of U.S. interstate and intrastate natural gas pipelines

—— interstate pipelines
—— intrastate pipelines

Italy 280,000km
UK 280,000km
Germany 475,000km

Source: U.S. Energy Information Administration, About U.S. Natural Gas Pipelines

Europe 2,080,000km Japan 264,475km US 4,320,000km
(6) (100)

(48)
Yy 6
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City gas in Japan’s energy mix ....

RE
Hydro  10.0% Importance of thermal sector
Nuclear 3.6%
3.2%

City Gas Japan’s Energy

consumption
Approx. 9,700 PJ

= YA
’

4 I
I'.

~4 AN

Coal
 Fy2021
LNG. Primary

g
- 60%
h Power generation

—1\:‘
etc

e

FY2021 LNG import
71.46 million tons

*Prepared by the Japan Gas Association based on
the 2020 Energy White Paper.

A
| S, 83.2%

https://www.enecho.meti.go.jp/about/pamphlet/energy2022/001/

Industrial high-efficiency burners

© 2023 The Japan Gas Association



Ah
GO Z577I v

JGA's 2050 Net Zero Vision
city gas emission factor 2.21kg-CO2/m3 > 0.00kg-CO2/m3

2020 Oct. Prime Minister announced Japan will target Net-Zero Emission by 2050 EL‘*I S AP

2020 Nov. Japan Gas Association announced that gas industry will aim NZE by 2050

Establish e-methane value chain, initiating e-methane import, 1% e-methane admixture J

2050 . : :
Achieving City Gas Net Zero: 90% e-methane, 5% hydrogen, 5% biogas/offsets/CCU/DACs ]

100%

hydrogen

Biogas}

90%

® CCu/CCs 80%

® GHG offset L
® Overseas Co
DACCS

70%

60%

The entire gas
\ Percentage of

50%

natural gas (fossil)

40%

30% e-methane

20% (produced by recycled CO2
and green hydrigen)

e-met(dane | ..

( Hydrogen ]

0%

2020 2030 2040 2050
Source: "Carbon Neutral Challenge 2050 Action Plan" published by Japan Gas Association on June 10, 2021.
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What i1s e-methane?

® Methane synthesised and produced from hydrogen and CO2 is called e-methane.
® Combustion (use) of e-methane does not increase overall CO2 concentration.

) 4H, + CO, = CH, + 2H, O
Methanation hydrogen gfﬁi’ methane

E E e-methane .
synthesis | (CH,) I~

City Gas Pipelines

(g 0]
ginn

]
innn

A

emission

CO, emitted from e-methane combustion is originally
captured CO, from exhaust gases and/or atmosphere,
it does not increase CO, in the atmosphere

recovery
CO,

=2 il CO,
o recovery=emissions
|
J

© 2023 The Japan Gas Association
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e-methane’'s CO2 emission

CO2 for e-methane production

v Captured from atmosphere (DAC)

v' CO2 associated with biogas production

v' CO2 captured from flu gas (transition period)

GHG emissions
%-. Zero
| 1 O

D W e B
g SErTF-

hydrogen

Total CO2
concentration in the
atmosphere

Zero

-~

e-methane

@@ @ Direct
&
@I@@ apture
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Why e-methane?

® Infrastructure, value chain in place
® Seamless and smooth transition to carbon neutrality — “natural gas” to “e-methane” gradual admixture

New facilities needed / New safety standards

c
% &
% ._.»:_""}v}:\\
© ] Fs ’
E‘ New gas equipment
electrolysis Production Transport Receiving/storage Supply for 27 million
Consumption customers
ﬂml Only new methanation plants are required
g Production technology is already available
Production

Existing facilities / Safety standard in place

e-methane

Gas equipment at
27 million
customers can be
used as they are.

Liquefaction shipping Receiving/Storage/regasification Supply Consumption
© 2023 The Japan Gas Association
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Establishing commercial production Technology, improve efficiency

® Based on established technology, Sabatier reaction, further developments are underway to
iImprove efficiency and to enable scalable production.

2022 2030 2050
400 m3/h

Commercial scale
(international)

Capacity

Sabatier reaction
Co-electrolysis technology (SOECY PEMCO2 reducti?)'r-{).
on from power and H20

C0O2+4H2—CH4+2H20
bioreactor

Efficiency

natural gas

Sources: Tokyo Gas website, NEDO website, Japan Gas Association Extracted and partly modified from 'Carbon Neutral Challenge 2050'.

© 2023 The Japan Gas Association



GOI! H' 25T wem

Efforts to establish e-methane commercial production technology
and e-methane value chain.

INPEX T2 TOKYO GAS

Succeeded in producing 8Nm3/h e-methane at | | Initiated 12.5Nm3/h e-methane production demonstration in
Nagaoka’ Niigata Site Yokohama since March 2022.

IHI * IHI signed contract with JFE Steel in Dec 2022 to build 500Nm3/h e-methane

@ JFE 27 #ta production plant by FY2024.

INPEX Commercial scale e-methane production demonstration
9 OSAKA GAS . _From sefond half of FY 2024, 400Nm3/h scale e-methane production plant will be

Daigas in operation
Group * |nitiate study on building 10,000Nm3/h, 60,000Nm3/h scale plants

AMitsubishiCorporation FS of e§tablishing e-methane supply chain in th.e US.
T 1OKYO GAS « Work with local partners to locate e-methane plant site, procure feedstocks (H2,
. CO2) and export e-methane to Japan.
WOSAKA GAS Daigas Export
“ad" TOHO GAS - Aims to produce and import(export) 180 MCB-CH4/yr (130 thousands tons-CH4)
to Japan in FY2030. (TG, OG, TG). FEED in FY2024, FID in FY2025.

« Carry out FS in other prospective regions (North Ameica, Australia, Middle East
etc.) for commercial

© 2023 The Japan Gas Association _E




Bring down production cost

Bring down cost to equivalent of LNG by 2050

250

200

150

120

100

Production Cost CIF (JPY.,/Nm3-CH,)
3

USD44-45/MMBt

Sabitier (400Nmi/h)

Renewable

Sabatier (10,000Nni/h) Advanced (SOEC) (60,000Nm/h

Location\location location-:-
nothing but location

Power abundant RE power

XH2 A50%
production UsD21-22/MMBtu

JPY 9/kWh

CO, cost

CAPEX
Merit of Scale

2025 A60°/O

Location + improved
JPY 4.5/kWh efficiency

A70%
USD9-10/MMBtu

JPY 3/kWh

Merit of Scale
2030 A62% 2050

HE : E3E BN AFR—DaVBERRIRY 74— BAGABRHRAEN (202247H13H) £ Yk

© 2023 The Japan Gas Association
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Filling the price gap — transition period (2030-2050)

Policy needed to fill the price gap
LNG vs e-methane

e-methane production cost trajectory

(JPY/Nm3-CH,)
A

BAU
120 Technology et
o Scenario l
S e-methane vol. x (Pro. Cost — ref. cost ) !
. . 1
S Innovative L, 2030 JPY 28 bil.-32 bil. i
o redimelegy; USD 200M - 230M (USD/JPY 140) |
c Scenario LMW I
<
e Target supply & Cost
® S\ ) 2030 2050
50 Target Cost : JPY40~50/ Nm3
- Volume 0.4 becm/yr 36bcm/yr
> (28mil.t/yr) (25mil.t/yr)

2030 2040 2050 | JPYA0-50/Nm3
t 1% 90% Production JPY120/Nms3 =LNG Price (usb7
e-me () . = -
i 0.4 bem/yr 336 bem)yr Cost (CH,) (USD21-22 MMBtu) 5 MMBL)

© 2023 The Japan Gas Association _H
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City gas companies’ commitment and projects

2030 commitment

Tokyo Gas 1% e-methane (approx. 80 MCM) by 2030
Osaka Gas 1% e-methane (approx. 60 MCM) by 2030
Toho Gas Establish e-methane supply chain by 2030 to introduce 1% or more e-methane

Project in progress

Cameron PJ Mitsubishi, Tokyo Gas, Osaka 130k tons/yr Green H2, CO2 FEED
Gas, Toho Gas captured from flu gas l
US Midwest PJ  Osaka Gas,Tallgrass Max 200k tons/yr blue H2, bio CO2
Green Plains FY2025
Australia PJ Osaka Gas, Santos 60k tons/yr Green H2, CO2 FID
captured from flu gas !
Malaysia PJ Osaka Gas, PETRONAS 60k tons/yr Biomass
/ o 4 FY2030

Commissioning

Peru PJ Osaka Gas, Marubeni, Peru 60k tons/yr Green H2, CO2 .
Full operation

LNG captured from flu gas

© 2023 The Japan Gas Association _m
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Establishing GHG counting rules and guidelines for e-methane

There is no international GHG counting guideline or rules for CCU fuels trade cross boarders.

CCU fuels are traded cross boarders Lack of these rules (CCU rules) will discourage
iInvestment and deployment.

Internatlonally tradmg scheme

W S S S S S S S S S N S S R R N S S S S R S S S S S S R R S S S R N R S S ~

Domestic production-consumption scheme

Llll:\aig;:\:;nd : Gasification, storage, Carbon itens]
—— g dlstrlbugcTn Certification =
B ==

|

1

i

I

I

!

] [ | ‘ = I
1 - = o)

I y Carbon inte i\ ® End users E
I y Certificati ]
! , : = o !
! L ] i <l -~ On-site isolated scheme Dl
! Wy o . H
I Methanatlon plant Methanation plant . |
| . |
H il - L i [,

] -
Methanation plant ). [

|

I

|

)

D
il fil) B
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Establishing GHG counting rules and guidelines for e-methane

® There are global discussions on needs for CO2 emission accountings for CCUs, synthetic fuels
such as e-methane.

® To promote the use of synthetic fuels, e-methane energy users shall not be accountable for CO2
emission associated with me-ethane as e-methane carbon are already accounted for or are

removed from atmosphere.
International proposals at the IMO

Renewable fuels of non-hiological origin (RFNBO)

Recycled Carbon Fuels (RCF)
E=e +e,+ey+e, - CO,

Co-proposal of this concept.

{ﬁﬁg.ﬂfﬁf nthe \ Japan, Australia,
M Norway and the EU.

E Total GHG emissions from synthetic fuel use
€, = GHGsinraw materials. The same amount of GHGs \
emitted from factories and other sources can be
deducted if captured. x
e, = GHG emissions from production processes emissions on voyage
ey = GHG emissions from transport. are not accounted for
e, - GHGs emitted from combustion during consumption / }
€.s - GHGs stored underground. E_ ey
o
Source: European Commission, 'Methodology RNFBOs and RCFs Source: International Shipping 2050: Toward Carbon Neutrality from
(Draft), (May 2022). the Public-Private Council on Carbon Neutrality

In both cases users are not accountable for physically emitted CO2
© 2023 The Japan Gas Association -.1
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US American Gas Association Net-Zero Emissions Opportunities for Gas Utilities

Exhibit E.S. 8 - Utility Customer Gas Supply Mix

- A Supply for Residential, Commercial, LOC Industrial, and Transportation Gas Demand

16

14

An American Gos Association Study
prepared by ICF

12 :
. Renewable Natural Gas

. Hydrogen Blended into Gas Supply
. Dedicated Hydrogen Infrastructure

10

Gas Supply (Quadrillion Btu)
®

6 Methanated Hydrogen (RNG)
4 Geologic Natural Gas

2

0 S

2040
2045
2050 |

2020
2025
2030 |
2035

Source : American Gas Association [Net Zero Emissions Opportunities for Gas Utilities] (Feb. 8th, 2022)

© 2023 The Japan Gas Association m
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France New gases: energy transition for the gas industry

New gases: energy transition
for the gas industry 7~

Francegaz

The methane gas industry has five technological and
innovation building blocks

. T e

Realistic production trajectory

Potential

2030 2040 2050

Methanisation 100 TWh

g iv{!}

Anaerobic digestion: Pyrogasification: methane by Hydrothermal gasification:

methane by fermentation  thermal treatment of carbonaceous ~ Methane by aqueous treatment B VYRV T 1TeTy! 180 TWh 6 TWh 30 TWh 90 TWh
waste at high temperature

Hydrothermal
Gazeification

100 TWh 2 TWh 25 TWh 50 TWh

30 TWh

: NG — . W

Methanation: methane from
KCOZ and hydrogen j

The use of fossil gas coupled
with carbon capture and
storage

Source: New gases: energy for our territories Francegaz
https://www.eic.cat/gfe/docs/31883.pdf

© 2023 The Japan Gas Association
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e-methane projects in EU

Various e-methane pilot projects in EU
Green Hydrogen + CO2 from various sources, Gas pipeline injection

Source: compiled from CO2 Value Europe database by JGA As of March 2022)

: \ C'\) Carbon2x
COLUMBUS U ~ T
(Belgium 2020 ey d (Finland 2022)
y : Audi e-gas project
JUPITER 1000 , , - (Germany 2013-)
(France 2016-2021) ;

e-methane 1,000t/yr
25Nm3/h

CO2 from steel mill, Green H2

Bio-UGS
(Germany 2020-)

Méthycentre
(France 2018-)

12.5Nm3/h
E-methane and biomethane

Store &Go
(Germany others 2016~20204F)

e-methane 40 Nm3/h Power-To-Gas
. CCUS. DAC etc.

LIFE CO2 TO FUEL
(Spain 2019-2021)

BIEKRFICHAEY HCO, U LFIA,

Underground sun conversion
(Austria 2018-2020)

e-methane 30Nm3/h

in operation

© 2023 The Japan Gas Association m
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Supporting e-methane in ipcc report and at G7 discussion

ipcc

nnnnnnnnnnnnnnnnnnnnnnnnnnn limate change

Climate Change 2022
Mitigation of Climate Change

“Electricity can be used to generate hydrogen...
For greater compatibility with existing gas
systems and appliances, the hydrogen can be
combined with captured carbon dioxide to form
methane...”

IPCC Report Sixth Assessment Report
of the Intergovernmental

Panel on Climate Change Mitigation
(ARG) WGIII (April. 2022)

G7 Climate, Energy and Environment Ministers’ Communiqué

Sapporo, April 16, 2023
“Carbon dioxide Capture, Utilization(CCU)/carbon
recycling technologies, including recycled carbon
fuels and gas(RCFs) such as e-fuels and e-methane,
also can reduce emissions with existing
infrastructure from industrial sources...”

© 2023 The Japan Gas Association m
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Takeaways

® Fifty years have passed since the introduction of LNG to the Japanese gas supply
iIndustry, and the industry has entered a period of new challenges of decarbonization.

® The advantages of e-methane derived from renewable power sources and recycled
CO2 is explained for Japan's geographically isolated circumstances.

® During the transition period (2030-2050), for social implementation, Japan'’s gas
Industry challenges to develop rules for e-methane to count and allocate CO2 emission
In the supply chain and harmonize them with existing international rules.

® A Platform is also needed to manage tracking information of certified environmental
value.

© 2023 The Japan Gas Association m
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Gaseous energy in 2050

Qﬁf‘( ==

Carbon-neutral methane
production

e

(2)Urbanized Areas | (3)Rural Area A

Liquefied Carbon CH
Neutral Methane 4
Transportation

n-neutral
portation

-free hydroge
sportation

LNG receiving terminal/;
production facility

Methanation

Biogas

Receiving

terminal/hydrogen
production facili”

Methanation
cogeneration

New H2 Pipeline smims
network H2 Station

J LI [ meeicen Gas System/Pipelines = (3)Rural Area B
I City Gas Pipeline BN Hydrogen Pipeline I Heat Pipeline ) Power Grid
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Thank you

YOSHIDA, Satoshi, Mr
Senior Adviser

The Japan Gas Association
yoshida.satoshi@gas.or.jp
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