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TOKYO GAS GROUP

Tokyo Gas's Steps Toward Achieving Carbon Neutrality by 2050

® Tokyo Gas will contribute to the carbon neutrality by 2050 through the following three perspectives and measures:

(1) Decarbonization/green transformation(GX), (2) Improving resilience of energy supply, and (3) Effective utilization of existing
infrastructure. Digital technologies are actively and effectively used in all measures.

® From the perspective of minimizing additional social costs, synthetic methane is an effective solution for the mid to long-term active

decarbonization measure of gas energy

® Power sector : Expansion of renewable L4
energy and greening thermal power plant

® Heat utilization sector : Advanced Energy ®
Usage, CCU - CCS, and employment of
Synthetic methane and hydrogen
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© Resilience

Strength toward Disaster

Diversification of energy sources and
multiplexing of energy networks

Integration of supply-side and demand-
side (use of digital technology)
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® Effective utilization of existing infrastructure

Minimizing additional social costs

® Continue to leverage existing
infrastructure throughout the city gas and
LNG supply chain by decarbonizing gas
energy with synthetic methane
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Group Management Vision and Initiatives for Carbon neutrality TOKYO GAS GROUP

® Further accelerate actions in order to achieve "net zero CO, emissions.
® As part of our challenge decarboning gas, we have set a new target of 1% synthetic methane of our city gas supply by 2030.

Milestone
2030 :
2040 2050 in 2030

3 on toward decarbonizatio Reductign contributign: 17 Accelerate carbon neutrality

Growth of the potential and role of LNG/natural gas. Deploymeft of decarbonized energy in society Phase for achieving decarbonized society Contribution to
(Respond to volatility stemming from increased use of solar & other renewables; fuel switching needs to gas] (Methanation pflot projects, offshore wind farm operation) ~ (Commercial scale methanation; expand use of renewables) CO. reduction
2

Switch from coal, oil, etc. to natural gas as fuel, introduce cogeneration systems, develop smart cities, strengthen resilience in Japan and 17 Mt
global markets

Use natural gas

as low-carbon
solutions

_ : Expand deployment of
Increase provision of carbon-neutral LNG (CNL)™ / Expand use for balancing renewable power carbon-neutral methM

Sophisticated g . :
P use 2 Develop & expand CCU™ Expand commercial use of CCUS -
o
F)’
3 Carbon-neutral methane: Transition to large-scale & high-efficiency methanation and commercial use .
b5 Implement medium-/large-scale I [E el
(O] . . - - : .
=4 g Launch small-scale pilot projects >> dilot projects Expand commercial use 1% of city gas
: o E ) : : : :
Decarbonize OS Hydrogen: Establish practical, affordable hydrogen production technologies
gas & electricity NN~ Develop technologies for low-cost hydrogen production | - > Practical use of the technology Hydrogen cost
(O]
3 ) _ Lower than 3 $/kg
F Expand renewable energy installation
ionof | & S
n é:vzesattrlgr? %hs o 43 Develop low-cost technologies for constructing floating Renewable energy
g O @ offshore wind power 6 GW
w . - .
Achieve zero emissions in our own thermal power plant
Active employment of hydrogen & ammonia (including jprocuremenit) Introduction at a timing of replacement
Implement at our facilities: Ultra high-efficiency fuel cells, solar power generation (self consumption), CQu, CNL, ! Net'ZerO Of in_house \I
o ( : = )
Thorough €6 . emissions
elimination - -
*1: A type of LNG that is deemed carbon neutral as greenhouse gas emissions generated by the processes from natural gas gxploration to combustion are offset with carbon credits received on forest conservation projects, etc.
*2: Carbon capture & utilization  *3: Hybrid electric vehicles, fuel cell vehicles & electric vehicles
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Promotion of hydrogen supply chain(production, supply, and utilization) TOKYO GAS GROUP

® Promoting overall hydrogen supply chain development in Japan and overseas to expand the hydrogen business.

® Considering on-site hydrogen production and utilization in Japan, and transportation of hydrogen from overseas to Japan by energy
carriers like synthetic methane, NHg, liquefied H,, chemical hydride.

® Hoping to work with partners to enter the green hydrogen market in Japan and overseas, which is expected to grow in the future.

® Development of low cost water electrolzer ® |[ocal hydrogen network ® Energy supply using H, local network
+ Low-cost water electrolysis technology required for - Construction and operation of Ay ot T In Harumi area, heat and power
green hydrogen production is under development. pipelines dedicated to will be supplied using fuel cells.
» Considering the use of this technology for methanation hydrogen in HARUMI FLAG*

and new hydrogen businesses.

*Plan to redevelop the former site of the
Tokyo 2020 Olympic and Paralympic Village
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! - y v v 4 2 797 74
E t o _ ® H, refueling station (4 stations)
EE_’E\ ¢ HZ pipelines in Tokyo bay areas  Toyosu Station supplies carbon-neutral
Continuous production line for low-cost electrolysis cell stack ? hydrogen* and has the highest annual
hydrogen refilling volume and frequency in
. Japan. -
® Onsite H, production . 7 -
= - . *Hydrogen produced using CNL y
« Small to large hydrogen production | + Dehydrogenate from energy carriers gnd as raw material (electricity used il
equipment has been developed to meet a ‘ supply of H, to power generation is 100% renewable energy) |
wide range of hydrogen demand for ; applications and industrial applications via
industrial users. g o pure H, pipelines.

Supply chain of synthetic methane

® Utilization of synthetic methane and H,
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Heat demand and the importance of its decarbonization TOKYO GAS GROUP

® Heat demand accounts for 60% of Japan's energy consumption in the commercial and industrial sectors. It is
difficult to meet the high-temperature heat demand of the industrial sector by only electrification.

® To achieve carbon neutrality by 2050, decarbonization of the heat demand sector is important, and decarbonization
of gas, which supplies heat energy to the demand side, will play a major role.

Energy Consumption by Use in the

Commercial and Industrial Sectors Heat demand in the industrial sector by temperature range
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*presented by METI at Basic Policy Subsection Meeting Temperature (°C)
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CO3 recycling through the use of synthetic methane TOKYO GAS GROUP

® Synthetic methane is produced by reacting hydrogen with CO, recovered from factories or thermal power plants.
® The utilization of synthetic methane does not increase CO, in air overall.
® The advantage of synthetic methane is that existing infrastructure (LNG facilities, gas pipelines, gas equipment, etc.)
can be used without any modification and additional costs.
( Domestlc model *Presented by Japan gas association \
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Roadmap for social implementation of synthetic methane (1% adoption by 2030) TOKYO GAS GROUP

® Utilizing existing methanation technology, conduct a small-scale demonstration (Step |, ~50,000 m3/y) from the end of
FY 2021 and a middle-scale demonstration (Step Il, approximately ~ 1.6 million m3/y or equivalent) in the late 2020s.

® \We will also promote the development of innovative methanation technologies for future cost reduction and realize the
introduction of 1% synthetic methane (approx. 80 Mm?3/y) in 2030 through a large-scale overseas demonstration (Step Ill)

21 22 23 24 25 26 27 28 29 31 32 33

R&D of innovative technology ~ Prototype
of innovative technology

Innovative technologies: hybrid sabatier, PEMCO, reduction, bioreactors, etc. ‘)

Apply to e-fuel

50,000 Mm?/y \. In-house demonstration

STEP I
Domestic small-scale demonstration

Construction

allsswoqg

Plant scale 12.5Nm3/h

1.6 Mm3ly
Innovative
STEPI technology
Site selection FS FEED FID Construction Domestic middle-scale demonstration middle-Scale

demonstration

Plant scale ~400 Nm3/h

80 Mm?3/y 1% = Implementation 0O

<

@

Site selection FS FEED FID Construction STEPIL Large-scale overseas »
demonstration and supply chain 8

establishment n

, Plant scale ~20,000 Nm3.h

_______
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Social Implementation Initiatives of Synthetic Methane TOKYO GAS GROUP

® Small-scale demonstration : We have started a small-scale demonstration experiments of technology and collaboration
for regional carbon-neutrality, and will acquire the skill and know-how for scaling up to mid-scale.

® Mid-scale demonstration : We will promote social implementation through conduit injection of the produced synthetic
methane, on-site utilization, and regional cooperation toward large-scale production overseas.

Demonstration at Tokyo Gas’s facilities (12.5 Nm3/h) . : : . 3
m and regional collaboration m Domestic regional cooperation and on-site use (100 Nm?3/h scale)
. _ o v Period : Middle-scale demonstration + regional collaboration and on-site use
v Period : Since March 2022 small-scale demonstration in Yokohama has started. v demonstration planned from mid-20s
vE * Regional collaboration with Yokohama City facilities, etc. is undergoing v Feature : Production and utilization, and pipeline injection are planned for
eature :

optimal utilization of resources in industrial areas, large consumers
and specific regions in Japan.
v' Examples : Employment of synthetic methane in cement, chemical and steel

- Electricity: Optimization of renewable energy and grid power
- CO,: Receive and utilize CO, from neighboring facilities.
- Others: Linkage of recycled water, biogas (digestion gas), CO,, etc. with

: e . plants.
surrounding facilities of Yokohama city. _ nal C .
. e . . . . . . egional Cooperation Mode i~ it ; :
v R&D: Existing technologies (Sabatier) will be tested and innovative technologies s — (URICIRIHES INEHSIHatparks. Ste
will be also developed. A .

N e e e -

__________________________________________________________________
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co,
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On-site utilization model
7

N . -~ (Cement. chemical ad steel industry) 8

(Methanaﬁiﬁg plant)
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points to implement synthetic methane in society in 2030

T TOKYO GAS GROUP

® We will introduce synthetic methane equivalent to 1% of city gas by 2030.

® Key points are © R&D (large scale of synthetic methane) & Partnership ® Institutional design and Public support.

Commitment of Tokyo Gas

B Aiming to introduce 1% by 2030 has been set as one of the main measures to achieve the corporate vision to reach
carbon neutrality by 2050 as soon as possible.

B Multiple actions across the company groups to achieve the goals.

© R&D (scale-up)

® Costreduction by various technology options

® Development of innovative technologies for
methanation and hydrogen production

v'Also in related technologies synthetic methane:
CCUS, DAC

® Technological verification through
demonstration and with scale-up of plants

Copyright© TOKYO GAS Co., Ltd. All Rights Reserved.

Focusing points

© Partnership

® Extensive partnerships with leading

domestic and international players

v’ Collaboration and portfolio management across
city gas industry

v Supply chain development (trading companies,
NOCs, I0Cs and other LNG companies,
customers, local governments)

v Engineering collaboration and open innovation
(manufacturers, research institutions, start-ups,
etc.)

®

® Ongoing

Institutional design and Public

support

support for technology
development according to phase, including
elemental technology development,
demonstration testing, and social
implementation

Institutional Design for Establishing the
Environmental Value of Synthetic Methane

Public support for social implementation,
design of incentives for customers to use
synthetic methane, etc.



Cost Image of Synthetic Methane and Challenges and Actions for Social Implementation TOKYO GAS GROUP

® The cost of synthetic methane in 2030 is estimated still much higher than the target price (equivalent to LNG price),
even assuming lower the cost of electrolyzer and the securing of inexpensive renewable power from overseas.

® To expand the introduction of synthetic methane, it is necessary to reduce costs through innovation and to bridge the

price gap between synthetic methane and LNG through multiple measures.

Issues
Cost Image of Synthetic Methane

________________________________________________ Technologies that contribute to
Transportation improve energy conversion

Synthesis efficiency and lower equipment
costs.
CO,

Electrolyzer

g

Technologies to produce hydrogen
from green electricity at higher
efficiency and lower cost.

g

e Procurement of inexpensive
renewable electricity for green
hydrogen production.

™|

Target price Public support to bridge the gap
(LNG price) between synthetic methane and
current LNG price.

Return of the environmental value
of the produced synthetic methane
Cost in 2030 Future target to user.

Copyright© TOKYO GAS Co., Ltd. All Rights Reserved.

Measure

Innovative R&D

v Low-cost hydrogen production technology

v Innovative methanation technology

v' Other technologies related to synthetic
methane value chain

E Partnership

v' Collaboration across and beyond the gas
industry

v Collaboration with research institutions and
start-ups

v’ Customers, trading companies, engine
manufacturers, different industries, local
governments, etc.

Institutional design and support

v Institutional Design for Establishing the
Environmental Value of Synthetic Methane

v Public support for social implementation
10



Ooverseas methanation sites, large-scale demonstration, and supply chain establishment

TOKYO GAS GROUP

America, Australia, and other regions.

energy and its implementation in society.

We are currently working with local energy companies and trading companies on feasibility studies in Malaysia, North

In addition, we are exchanging information on synthetic methane, hydrogen carriers, biogas, and other initiatives with a
wide range of overseas energy companies to accelerate partnership actions toward the decarbonization of gaseous

The LNG market in Southeast Asia is expected to a further growth. We are looking for an opportunity to support the
introduction of synthetic methane in those Asian market through cooperation among respective parties (operators etc).

[ Asia Area (Introduction of

[ Europe Area ] ‘

Under discussion with energy and Consideration

Synthetic Methane) ]
Study with Asian LNG importers

[ North America Area ]

infrastructure providers. )
Europe

[ Middle East Area ]
Tokyo Gas, Osaka Gas, and Mitsubishi;, —————4@

Corporation, begin to study FS for the Middle East

entire supply chain. FS
pjagning,

[ Southeast Asia Area ]

Under consideration with major
energy providers.

Investigation of business feasibility in Malaysia

[Players] Petronas, Sumitomo Corporation, and Tokyo Gas
[Items] FS to establish a supply chain to produce synthetic
methane in Malaysia and introduce it to Japan.

- Initial cost estimates with engineering firms are being
planned.

= Candidate site : Bintulu0
Copy T TURTU GAS CO., CLld. AT RIS Reservea.

[Status]

ansideration )
Introduction of o

Japan and/Asia

"~ Synthetic/Methaneto

, Southeaét Asia

Australia e

planningg

[ Australia Area ]

Under consideration with
major energy providers.

ES;

North America . Under discussion with major energy
companies, infrastructure providers, and

venture capitalists.

South' America

Investigation of business feasibility in North America, Australia, etc.

[Players] Mitsubishi Corporation, Tokyo Gas

[Items] FS of the entire supply chain for synthetic methane production,
liguefaction, and transportation in North America and Australia

[Status] * Initial cost estimates have been performed in North America

(U.S. and Canada) ©)

- Start detailed studies with an engineering company for use in
liguefaction terminal such as Cameron, etc. Q

« Initial cost estimation will begin in Australia in the futur@
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® In order to carry through responsible transitions toward a carbon neutral society, we will continue to
Implement the most appropriate ways and hydrogen carriers, considering the time frame and
technology maturity, while advancing the smart use of natural gas and the introduction of carbon-
neutral LNG in the immediate future.

® In the future, we will contribute to local and global carbon neutralization as a decarbonizing energy
player in the thermal demand sector and create new decarbonization model originating from Japan.
With such, we can play arole in the construction and social implementation of a synthetic
methane/hydrogen value chain from Japan to other Asian countries with the cooperation of all
concerned parties and stakeholders.

® Furthermore, our decarbonization challenge in the thermal demand sector is not only with synthetic
methane(methanation) but through innovation and collaboration with other industries to seek for other
wider fields such as synthetic fuels(e-fuels, etc.) with which we have high technological affinity.
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