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Mitsubishi Heavy Industries Group at a Glance 1/2 MITSuUBISH

Mitsubishi Heavy Industries (MHI) Group is one
of the world’s leading industrial groups,
spanning energy, logistics, infrastructure,
industrial machinery, aerospace and defense.

—— MITSUBISHI
V.. HEAVY 254 Group Companies
- . INDUSTRIES (Consolidated)
Trillion JPY as MHI Group GROUP

Foundation 77 OOO
J
1 884 Consokidated Employees

over 130 years history worldwide
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Mitsubishi Heavy Industries Group at a Glance 2/2 MITSUBISH

Diverse

products

At sea, on land,
in the sky &
space

Transportation Waste-to-energy Turbochargers Aerospace Rocket engines Defense
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Type of Hydrogen

S miTsusisHi

%\ HEAVY INDUSTRIES

The type of hydrogen varies depending on the process of its production.

Category Production process Technology in MHI Group

Creen Electrolysis by renewable electricity
H,O — H, + %0,

Electrolysis by nuclear energy

Pink H,0 — H, + %O,
Carbon
Free
Turauoise Thermal decomposition of fossil fuel
g CH4 — 2H,+C
Bl Thermal reforming of fossil fuel w. CCS
ue CH, + 2H,0 — 4H, + CO,
Ordinal G Thermal reforming of fossil fuel
emitcozy  >rayY CH, + 2H,0 — 4H, + CO,

Electrolyser (Hydrogen Pro)

Nuclear power - PWR

Methane pyrolysis
(Monolith)

Natural gas reforming
CO, capture

Natural gas reforming




MHI Group in Global Hydrogen Supply Chain o MiTSUBISHI

Simultaneous (parallel) development of Global Hydrogen Supply
Chain, Upstream, Midstream, and Downstream, are essential to
realize the Sustainable Future — Energy Transition
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T
Partnership in Electrolyser MITSUBISHI

SEEGIVAEEE Investment in HydrogenPro (Norway)

W HydrogenPro, established in 2013, aims to be a world leading designer and supplier of

alkaline electrolyser technology, that meet the highest standards for safety, reliability and

long lifetime.

@ MHI Group Undertakes Investment in HydrogenPro of Norway, in October 2020.

Hydrogen pro

Hydrogen Pro

Large-scale Hydrogen
Production Plant

Middle-size Electrolysis
(10-20MW)

https://www.mhi.com/news/201014 .html
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Hydrogen & Ammonia Production Project MITSUBISHI

HEAVY INDUSTRIES

Investment to H2U - Carbon-free Ammonia Production Project (Australia)

¥ Using abundant renewable energy in Australia to produce hydrogen and ammonia
W Contributing to regional steel industry and exporting carbon-free ammonia.

\ Hydrogen
I (L gas turbine

I MHI Main Products

Blast furnace

Converter furnace ( )
Chemical
Fertilizer
& 2 ; Faticy = Shipping Fuel
Water Electrolyzer Sl el f )
production plant Export
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Hydrogen Storage

| Upstream |

MITSUBISHI

HEAVY INDUSTRIES

Investment to Advanced Clean Energy Storage (ACES) Project (USA)

Advanced Clean
Energy Storage Project

mm Hydrogen
o Blectricity
L
+ -
AN
Electrolyzers
(A =
>

Clean power
generation

® The world’s largest renewable energy storage project.

Energy storage
to underground

salt caverns Storage Capacity 150GWh x 2
Location Utah, USA
—
ﬂ 3 ..7-:‘,»
C=—0

H2 combustion turbines

Off-takers
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| Upstream |

NH3 Transportation S MiTsuBIsH

Ammonia (NH3) is the best hydrogen carrier, because of
1) Highest content of hydrogen in volume

2) Easy handling

LH2 require higher energy consumption, because of its lower
liguidus temperature.

NH3  -33.4°C
LPG -42°C
LNG -162°C

LH2  -254°C
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NH3 Carrier / NH3 Fueled Ship

| Upstream |

MITSUBISHI

HEAVY INDUSTRIES

» Commence development of Large-size Ammonia (NH3) Carrier fueled by NH3, to
promote demand for NH3 and increase volume of marine transportation of NH3.

Mitsubishi Shipbuilding to Commence Development
of Large-size Ammonia Carrier Fueled by Ammonia
-- Collaboration with Mitsui 0.S.K. Lines and Namura
Shipbuilding Targets Decarbonization of Maritime
Industry --

2021-11-04
S @ f Wi
- Aims set on achievi ng operation of vessels fueled by ammaonia - a clean energy — angd increasing volume of marine

transportation of ammonia
* Basic design concept to be developed among those three partners

Image of the Vessels Operation

Tokyo. November 4. 2021 - Mitsubishi Shipbuilding Co.. Ltd.. a part of Mitsubishi Heavy Industries. Ltd. (MHI) Group. has
reached an agreement with Mitsui 0.5.K_ Lines. Ltd. and Namura Shipbuilding Co.. Ltd. on joint development of large-size
ammonia carrier fueled by ammonia

Ammonia is mainly used as a raw compenent of fertilizers, and is expected to be a high-quality, reliable and clean energy
The development aim to increase the volume of marine transportation of ammonia by large-size ammonia carrier which
are fueled by ammonia. The three companies will jointly proceed with the development of basic design of large-size
ammonia carrier where Mitsubishi Shipbuilding will take charge of the optimal design of cargo tank and deck tank used
for ammonia fuel. organizing engine and related machinery systems including the fuel supply system, and development
and design of cargo handling equipment. special equipment for ammonia transportation and safety equipment onboard

© MITSUBISHI HEAVY INDUSTRIES INDIA PVT. , LTD. All Rights Reserved.

Mitsubishi Shipbuilding Completes
Conceptual Design of VLGC Enabling
Conversion of Main Fuel from LPG to
Ammonia

-- AIP Acquired from ClassNK in
Preparation for Future Viability of
Ammonia-Fueled Carriers --

2022-06-09
f ¥ in
* New design will enable small-scale retrofitting when ammonia fuel goes into practical

application
*Ammonia-carrying VLGCs now powered by LPG are highly suited to future use of ammonia fuel

Image of an LPG-powered VLGC convertible to ammonia fuel
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Downstream




Hydrogen Gas Turbine MITSUBISHI

Hydrogen Gas Turbine for Power Generation

W Saving Investment Costs W Carrier Flexibility
Can be applied to existing power plant facilities Low purity hydrogen is usable and can be
with minimum modifications transported with any carrier

___LHo/MCH g H>

. - "
Hydrogen combust!on ; H | VExhaust
A) Faster combustion speed Ammonia Cracking heat

B) Lower calorific value oo ammonta Ammonia Utilized GTCC
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Hydrogen Gas Turbine MITSUBISt

W Progressing with validation testing with the goal of commercializing carbon-free power generation
using Hydrogen

W Achieved 50% mixed hydrogen firing during combustor test, an important step toward achieving

commercialization in 2025 SMGT

400 |
EU Taxonomy

§ 300 F 270g/kWh (Direct Emissions)
s ’1’.’:{.’.'.':'.'.'1’.’.’4’.’.’:’.’.’{’.’“'(«'({i'({-:'(“’(({'(“’({_é
x (30%
2 o | mixed (50% mixed H, firing) >
o H, firing ¢
v
0 ¢
100 é
w

(100% H, Firing) 100% H, Firing

2025 2030 2035

. 100% H
Hydrogen Gas Turbine Firing . 100% H, Firing

Validation Commercialization

Small & Mid-Size GT T L >
(40 MW Class) 30%~ Mixed __ y
H, Firing 3g Yo~ Mixed II:I, I:'mng . 100% H, If,iri",g
Lal'ge-Size GT Validation ommercialization ommercialization
(450 MW class) T o — - >

]
Achieved 50% mixed hydrogen firing during combustor test, an
important step toward achieving commercialization in 2025
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Hydrogen Gas Turbine - Supply MITSUBISHI

Intermountain Power Plant

Location of Projects

Gas Turbine Model M501JAC

Power Output 840 MW (by 2 CCGT)

Location Utah, USA

® 30% renewable hydrogen by 2025.
B 100% renewable hydrogen by 2045

Los Angeles

Source: LADWP Los Angeles Times
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Joint Development of Tri-generation Plant MITSUBISHI

Joint Development of Tri-generation for Data Centers (Singapore)

W Supplying clean electricity, cooling/heat, and steam derived from carbon-free hydrogen for
carbon neutrality of data centers

LG Data Centres

5 J . Electricity | : I i
] [}
Hydrogen GT % — i '
<| M - Cold/Heat == | d‘
I MHI's Main Products ”'g.f.'!,irta on ’
Turbo Chillers Data
1 Centre
l steam

. ¥ 'Y
Natural Gas f==—p- & @ ‘ @ & |'&
7 1‘1 - p=
SMR CO2 Capture CO2 Storage
(Steam Methane Reformer) Plants
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i i ¢ miTsuBisHI
Ammonla (NH3) GaS Turblne "HEAWSINDUS%IES

)
H-25 Gas turbine

Mitsubishi Power Commences Development of . Output: 41.0MW

World's First Ammonia-fired 40MW Class Gas . Efficiency: (SC) 36.2% (SC)
Turbine System (Cogen) more than 80%
-- Targets to Expand Lineup of Carbon-free Power - Deliveries : about 200 units
Generation Options, with Commercialization around T g

2025 --

* Utilizing technology that enables 100% direct combustion of ammonia will contribute to formation of ammonia fuel
supply chain

* Commercialization will also support decarbenization systems for small to medium-scale power plants in industrial
applications, on remote islands, etc.

YOKOHAMA, JAPAN (March 1, 2021) - Mitsubishi Power, a subsidiary of Mitsubishi Heavy Industries (MHI) Group, has
commenced development of a 40-megawatt (MW) class gas turbine that is fueled by 100% ammeonia (NH, ). The project

Ammonia combustion : Solution

1) Slower combustion speed, Rich-Lean Two

2) Lower calorific value, Stage Combustor

3) Lower combustion temperature - QUK
4) Nox generation %

Primary Air

/

Fuel NH3
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Other Technology for Hydrogen I— MITSUBISHI

Fuel Coll (SOFC) . Gas Engine
W Multi-fuel capability (hydrogen, natural gas W Development started

biogas, etc.) in 2019. 30% Co-firing combustion test was
= Rated Output : 200kW~2MW successfully done. Further development in

progress
W Rated Output : 300kW~ 1 MW
W Market release by 2030s supporting hydrogen

W Power Generation Efficiency: 53%
Overall Efficiency: 73% (when supplying hot water)

W First overseas project delivered in 2022

_ _ market Air Emission
W Can be applied to SOEC (hydrogen production)
1 Fuel Gas
c T

Spark Plug 1
\4

Air Cooler _>4§ Jﬁ
|

Air Release Valve

Inlet Valve

Principal Chamb . S
rincipa ambper
Biogas SOFC at Asahi Breweries Ibaraki Brewery v

Piston

SOFC : Solid Oxide Fuel Cell SOEC : Solid Oxide Electrolysis Cell
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Green Steel MIDREX MITSUBISHI

MinREx (' PRIMETALS

TECHRDOLOGNIEE

MIDREX Flex

Matural gas & Hydrogen & Main inputs Lump ore s% Pedels &
1 l"‘— Hitragen Top gas scrubber i
Process gas Shaft
COMpressar furnagcs
Flue gas Main air ' _ -
g I' Reducing gas
I Hydragen
Heot DRI
b+— Natural gas I | i
Flue gas
staek Briquetting 5 Rotary ' DRI
@D ))achines U teeder Cooler
Combustion air I Fuel gas ir
—inas, HBI :
Heat recovery Reformer | Cooling | A
HEI HORI CDRI
Rasirictad & Prmeak Techmakgas 2021-2023 Al rghts resared Beswedeap Bhafachejes ( PTIN S & Green Siae
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Green Steel HYFOR MITSUBISHI

TECHADL OB IEE

Green Steel (' PRIMETALS

Break-Through Innovations
HYFOR - Pilot Plant

Main input

+ Direct use of iron ore fines <0.50 mm

- Reducing gas: Hydrogen

Main benefits

« No pelletizing required

« Highest yield (Dry dedusting, WHR)

« COs-free ironmaking

- Highest metallization, low temp./pressure operation
Status

- Digital Showcase (Digital Twin, VR, QR, MAT, m.doc,._.)
- Significant number of campaigns successfully executed
- Continue tests with various ores from around the globe

« Industrial Prototype Plant installation in combination with a
Smelter planned

Rasirictad & Prmaak Techrabgss 2021-2023 A rghds resany 242023 15
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Green Steel HyREX | Midstream | MITSUBISHI

HEAVY INDUSTRIES
Downstream

HyREX

(' PRIMETALS

TESCHARDLeRIEN

HyREX - Simplified flowsheet

I, Faduchon gas gereration (by reloeming of nabunat pas and'or hydrogen sleciiolyger hased on secin poeer),
o predaion, sharage and detilutian

i Fluidized bad reactar systam including malerial preparalion (e.g., oré driyer and pneumata charging)

INPUT MATERIALS I — il Hot brquetingicompacting of DRI inchuding the possibility far dischanging of HEKHC for externad consumers
Cide dryer compressor  scrubber v HBIHGUDRE charging and distribulion system ard adkdifive handieg for EAFSmater
Sinter feed .ﬂ _i . v Seneitey, ncludieg oliver susiliary unila (e.0., slag grarulation, hol melsl kending systom, dedusiing urits ind
fine ORE hal and snergy recovery)
Reducing reactors
E }/
v Gy
Hydrogen f!] -
HDRI
Smelter
Hot
&  Heater Metal
Rasirichad & Primsfak Techmakbgss 2021-2023 Al rghds resaned BRL2023 17

© MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved.

21




Green Steel

MITSUBISHI

HEAVY INDUSTRIES

Traditional (blast furnace)
(84% hot metal and 16% scrap in BOF)

Direct reduction + EAF
(80% hot DRI and 20% scrap in EAF)

Recycled scrap
(100% scrap in EAF)

Green steel (H,DRI-EAF)
(80% hot DRI and 20% scrap in EAF)

-65%

CO, emissions

-91%

CO, emissions

-88%

CO, emissions
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MHI group publications . miTsuBISHI

%\ HEAVY INDUSTRIES

Hydrogen E-book

MOVE THE WORLD FORW>®>RD MITSUBISHI
HEAVY
INDUSTRIES
GROUP

HYDROGEN - POWERING A
NET ZERO FUTURE
THE TECHNOLOGIES TO GET US THERE

o pETmUERSI

https://oilandgas.mhi.com/ebooks/hydrogen-powering-a-net-zero-future/
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