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- Who we are

- Chiyoda’s efforts for Energy Transition and Decarbonization
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Who we are :Chiyoda’s Philosophy

Chiyoda has been providing pioneering engineering solutions for each generation since 1948, and under
our company’s philosophy ‘Energy and Environment in Harmony’, continues our vision of ‘serving society

through technology’.

From Coal to Qil, Oil to Gas, Gas to Renewables and New Energy Cgﬁﬁg ;L\Ii'j:%n

1948-1970 1971-1990 1991-2000 2001-2010 2011-2020 Engineering that
i SR shapes the future of

energy and the
global environment

A
i

il B Battery Power Storage
[ g ey TR 2018
TR World’s largest battery power storage

1960 2004 system project in Hokkaido, Japan
Mitsubishi Oil Co., Ltd. LNG plants for Qatargas i
Mizushima grassroots refinery Operating Company Limited

2015-2020
World’s first global hydrogen supply chain demonstration project
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Global Operation (Network and Resources)
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Chiyoda’s Project Foot Prints

40%

Russia Mongoli
of,world’s !
[ING EPC + Yamal LNG Project . New Ulaanbaatar
I'ﬂ‘(ﬁ.r-fga International Airport
o
(by,capacity), gy

Japan

Xylene Isomerization Units

« CIS Photovoltaic Power Plant

« CIS Photovoltaic Production
Plant

* Advanced injectable drugs Plant

*  GMP Vector Manufacturing
Plant

« Production Facilities of Drug
Substances for Bio-
Pharmaceuticals

USA o > )

« Cameron LNG Liquefaction Project . .F ilities for Solid Preparation
(Train 1,2,3) Vietnam

* Freeport LNG Export LNG Project * Nghi Son Refinery and
(Train 1,2,3) . Petrochemical Complex

« Golden Pass LNG Project (Train
1,2,3)(Ongoing)
* GCGV Olefins

Qatar

« Laffan Refinery Phase
2

« North Field East LNG
(Ongoing)

Over, “an. T Saudi Arabia Indonesia : _

800 ) + Coker Unit for Jubail Refinery Project *  Tangguh LNG Expansion Project

+  Titanium Sponge Plant (Train 3) (Ongoing)

Refinery Units: « Copper Smelting Project
! o (Ongoing)

Philippines
* New Bohol
Airport

Australi
* Ichthys Onshore LNG Facilites
Project (Train 1, 2)
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Chiyoda’s Approaches to Energy Transition
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Chiyoda and Toyota Jointly Developing Large-scale Electrolysis System

Chiyoda Corporation and Toyota Motor Corporation have
agreed to jointly develop a large-scale electrolysis system
and construct a strategic partnership and have signed
agreement on cooperation.

The goal is to contribute to achieving the government
targets for the introduction of electrolysis equipment both
in Japan and overseas as part of the Basic Strategy on
Hydrogen formulated by the government.

The production and mass production technologies for
electrolysis cell stacks using the fuel cell technology held
by Toyota and the processing plant design technologies
and large-scale plant construction technologies held by
Chiyoda will be brought together to develop a large-scale
electrolysis system that can be competitive. This will allow
adaption to the rapidly expanding hydrogen production
markets both inside and outside Japan.

Press Release : https://www.chiyodacorp.com/media/240205_e.pdf
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R&D for Ammonia production technology

Research and Development of Ammonia Synthesis Catalysts
~NEDOQO’s* Green Innovation Fund~

» Collaboration with Tokyo Electric Power Company Holdings Inc. and JERA Co.,
Inc.

* Developing Japanese independent technologies to reduce ammonia production
costs

* Supporting the establishment of fuel ammonia supply chains

Project Cost: approximately JPY24 billion

r

e

-

Process Development

Technology Demonstration

CHIYODA

CORFORATION
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Catalyst development
Team A
Nagoya Univ.
Kyushu Univ.

National Institute of Technology,
Numazu College

Chiyoda

Catalyst development
Team B
Tokyo Institute
of Technology
Tsubame BHB Co.,
Ltd.

Catalyst development
Team C

Kyoto Univ.
TEPCO

~, » Project Term: 10 years (FY2021-FY2030)
<Research and Development Schedule>

FY2021 FY2024 FY2027 FY2030

W Stage gate 1

Development
Bench Tests
Bench tests of Pilot Tests

selected catalysts
Industrializing of

catalysts and pilot tests

¥ Stage gate 2

Competitive
development
between 3 teams

)

*New Energy and industrial Technology Development Organization Press release: 220107_e_1.pdf (chiyodacorp.com)
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https://www.chiyodacorp.com/media/220107_e_1.pdf

R&D for Ammonia Decomposition technology

Jelrd Stoxoear @ N\ EHIORA

JERA, Nippon Shokubai and Chiyoda to Start Development of Ammonia Cracking
Technology under NEDO’s Subsidized Project

Business promaotion system/role of each company

TOKYO — 9 June 2023 — JERA Co,, Inc. ("JERA"), NIPPON SHOKUBAI CO., LTD. (“Nippon
Shokubai”), and Chiyoda Corporation (“Chiyoda”) have commenced technology development

of ammonia cracking, under the New Energy and Industrial Technology Development JERA
Organization (“NEDO”)'s "Development of Technologies for Building a Competitive Hydrogen
- Bench-scale tests

Supply Chain” program. - Evaluate the performance

Chiyoda
Nippon Shokubai - Design a bench-scale
testing facility
- Study on large commercial
production facility

- Development of a catalyst

Press Release: 230609_e.pdf (chiyodacorp.com)
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SPERA Hydrogen™ System by LOHC-MCH Method
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LOHC-MCH System

Renewable Energy
Solar, Wind, Hydro, Geo, etc.

‘V

Electro|y5|s

By-product
reforming
gasification

Hyd rocarbon

Qil, Gas, Coal

Energy & Industry

Power Generation, Gas Grid
Refinery, Chemicals, Steel

!I]I_@_II]!

Distributed Demand

Mobility, Ports, Eco Towns
Remote Areas

N :
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Characteristics of SPERA Hydrogen™ System by LOHC-MCH method

Characteristics of LOHC-MCH

1. Liquid under ambient conditions

2. Chemically stable

3. Low risk and safe

4. Utilizing existing standards and equipment

‘ |
Requirements for Hydrogen Carriers
v Easy to handle

NN N\

v Ready for commercialization and early commercializatjon is possibl‘e
v Realistic solutions for the acceleration towards a hydrggen society
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Cost comparison by 3rd parties
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Source : European Hydrogen Backbone [2021]

Source : Hydrogen v,
o -l

Transport Cost (€/kg H2/10,000 km)

Paste link in amai | hitp /iports.

Figure 1 - Qatar to UK Shipping Route

SHIPPING COSTS ARE A SMALL PART OF TOTAL COSTS

SOUTH AMERICA — ROTTERDAM
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. Storage import
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LOHC Ammonia Liquid H2
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Conversion Storage/Loading  Transportation
Storage/Loading  Reconversion

@® Storage export

0 Carrier Production

. Electrolyser
. Electricity

- The H, supply cost includes H, production cost.
- The results shows that LOHC method is the lowest cost.
- The cost is not including the effect of converting conventional

facilities or ships.

Source : Keynote speech CEO Port of Rotterdam Authority, at the 2nd World Hydrogen Summit
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Integrated Hydrogen Supply Chain Concept

Large-Scale Use Middle-Scale Use Small-Scale Use
(AMW-1GW) (10kW-1MW) (1kW-10kW)
* H, Power Generation + Fuel Cells for Industrial Use - FCV, FC BUS, FC Track
* National Stockpile of H, » Fuel Cells for Infrastructures - Domestic Fuel Cell
* Industrial H, Gas (Airport, Port, Office, Town etc.) + Other small Fuel Cells

H, Refueling Station for
FCV l

"7.

Natlonal Stockplle of H2 =1 Domestic FC
/,« . Industrial H2 Gas

oy 0>
Dehydrogenation
d p|§m } “4%'? FC Track
|
TS
. -~
H2 Power Generation ¥

< g “ Airport Facilities
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Dehydrogenation Catalyst Development (2002-2009)

Original egg shell type Pt/Al,O; cat. Developed Pt/Al,O;cat. is uniform type
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Chemical Equilibrium of Dehydrogenation  Estimated Catalyst Surface Model

¥ Chiyoda succeeded to develop a novel dehydrogenation catalyst.

% The catalyst is the world's smallest class of single-nano platinum particles which diameter is = 1 nm.

¥ It has an estimated 400 times higher activity than conventional platinum catalysts (=2-3 nm).

¥ The conventional platinum catalysts require a temperature of 500°C or higher for dehydrogenation
of 99% or higher, but the developed dehydrogenation catalyst can achieve a yield of 99% or higher
under the theoretical conditions of chemical equilibrium.
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Technical Demonstration with Pilot Plant (2013-2014)

Dehydrogenation Hydrogenation MCH tanks Toluene tanks
(Importing site) 1 (Exporting site) (19 m¥ tank) (19 m* tank) )
Pt H2 storage volume { W X
e 4 Nm3 S f— 1
Dehydrogenation !. Hydrogenation = ca.10° Nm?/ tank iy A 1 I 5
reactor Reactor — -
-y - - 11
2 G Er 1-302
Z — FAIY
t 19, 100L

for Dhydrogenatlon plant

LI W , o ‘ : !.,,—. from Hydrogenation plant '

LI e

for Hydrogenation
plant

#Reaction sectionfillkis [0 e Bl Tank yard
Pilot Scale : 50Nm3-H,/h for hydrogenation / dehydrogenation
Demonstration operation : April 2013~Nov. 2014 (=10,000hr)

Performance Hydrogenation : Toluene Conversion >99%, MCH Selectivity >99%, MCH yield >99%
Dehydrogenation : MCH Conversion >98%, Toluene Selectivity >99%, Toluene Yield >98%

Chiyoda completed technical demonstration of a pilot plant in 2014, which achieved totally around
10,000hrs of the pilot plant operation. Processes technology for the system was established
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International Hydrogen Supply Chain Demonstration (2020)

Hydrogenation@Brunei Inland Transportation Ocean Transportation

Dehydrogenation @Japan

MCH : Methylcyclohexane i W ;
TOL : Toluene Utilize hydrogen for GT fuel from
Dehydrogenation as World first
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Global H2 Supply Chain Projects®

Progressing a hydrogen import hub and a hydrogen highway project in Europe*

Scotland to Rotterdam
hydrogen highway project

Commercial scale hydrogen import

to Rotterdam, The Netherlands

#2 Port of X, ‘i'
22 Rotterdam \\ CCUEI!ADYRQT[IIUAN 2% Mitsubishi Corporation

|||||||||

= »' - % Sullom Voe Terminal
LOHC for Hydrogen Transport from -
Scotland (LHyTS) to Rotterdam

using LOHC S Femus
methylcyclohexane

ROTTERDAM BECOMES
EUROPE’S KEY
HYDROGEN HUB

Feasibility Study November 2022 — May
FEED & Detailed Design 2023 - 2024
Deliver Operational Trial:2026 " "G

* Source: https://www.portofrotterdam.com/sites/default/files/2021-06/hydrogen-economy-in-rotterdam-handout. pdf
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Global H2 Supply Chain Projects®@

Asia : Singapore
MOU signed in March 2020

+ City Energy
+ Sembcorp
+ PSA
+ Jurong Port
+ SING
* Mitsubishi Corporation
+ Chiyoda
il SLNG
L e = )m
I . "
b el Bankariog J v:let.hevl'ands (in;;:on)
i i
oo e/ B -/ | MOU with
ﬁ \ Port of Rotterdam & Koole Terminal _-
i Hydrogen supply
A == =~ v
o Vehing SPERA Hydrogers high sfety ( i Aeee
o Developinglow emisscns strategis ¥ ‘
, "i Japan _..""
Slngaporean(;ovemmen! "'._. .,.“'
Singap .."" 7 [ country : Middie East
o Jeeen, i & g o | status  : Feasibility Study
* + | H2 Type :Green (solar/hydro/wind)

Country : Chile
Status  : Feasibility Study
H2 Type : Green (solar/wind)

Photo Source: Linked-in of Mr. Lawrence Wong

Blue (natural gas + CCS)

" Japan (import)

| singapore (import)
MOU with Singaporean

Feasibility Study in Chubu Region
(Central Japan)

companies
" u

Country
Status
H2 Type

- Australia

: Feasibility Study
: Green (solar/hydro/wind)

Blue (natural gas + CCS)

© Chiyoda Corporation 2024, All Rights Reserved.
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Global Hydrogen Supply Chain Projects : Singapore Project

In addition to the global H2 supply chain, Chiyoda and its partners are executing the engineering
work for MCH Hydrogen Refueling Station demonstration project aiming to start operation in 2024,
which plans to demonstrate hydrogen charging for port utility FC trucks.

© Chiyoda Corporation 2024, All Rights Reserved. \\\W&%YRUA% 19




Collaboration between Axens and Chiyoda

Strategic commercial cooperation agreement with Axens enables one-stop
service to customers and supports hydrogen transport technology by MCH

AX-CYD License Commercial
e Package )

AXENS =t TGO

Powering integrated solutions & .
[ |
B |
* Hydrogenation (HGN) *e R 4 * Dehydrogenation (DHG)
* Licensor’s expertise e, ——— * Engineering expertise
\ EmEa= )

N 20
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Technical Innovation for Cost Down and Carbon Footprint Reduction

Present Scheme (Basic system) P » The LOHC-MCH method can be advanced to reduce costs
s sall Scale tanker and its footprint dramatically by technological innovation
. o : e ;
otiiion B 2. B Shipment principally, since it is chemical method.
Jnvatgeie) i e -] Specifically, it is possible with combination of the direct
electrolysis = ° ’
- H, Gas holder i s production of MCH from water and toluene and the direct
» Hydrogenation Plant i Hy generation utilization of MCH for power generation or hydrogen
+ Heat recovery i generation Tisd (H, turbine)
(Dehydrogenaation) o I gaS Su pply
2 Gas supply
i Al i o R > T el prodieilen o RO (o e S (oo
= - without generating hydrogen gas by electrolysis or
photocatalysis can eliminate the need for hydrogen gas
Future Scheme (Direct MCH productionand use) holders and hydrogenation plants.
Direct MCH Production - . . . ..
(Electrolysie B e > - Fuel cell power generation using MCH directly eliminates
e ‘d :°d°a‘a "s"ﬁ : the need for a dehydrogenation plant and heat source for
o as nolaer an ydrogenation + CO, free 1 i
PEft a6 fiot haedid. « Laeae Seale Tarlker endothermic reactions.
- Heat recovery is not needed.

- The electrochemical dehydrogenation of MCH can generate

aeemon hydrogen gas from grid electricity without the need for a

> dehydrogenation plant.

H, Gas supply
(Electrochemical Dehydrogenation)

- The combination of direct production and direct utilization

g o o fopadnac: can challenge the cost target of 20 ¥/Nm3 untill 2050,
+ CO, footprint is reduced since reaction heat is not needed :
(Power Gen.) and Electricity is can be used (H, supply). and can reduce the footprint to almost zero.
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Thank you for your kind attention

N RIS,
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