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MHIʼs Carbon Neutral Power Generation Technologies Roadmap
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Hydrogen and Ammonia Fired Gas Turbines
Able to convert a natural gas-fired gas turbine to hydrogen or ammonia firing – and thereby achieve decarbonization 
– simply by replacing the combustors and adding a fuel supply system 

Natural Gas

Ammonia

Hydrogen

Combustor Replacement

Type 1 Type 2 Type 3

Development complete100% H2
Type 1
(Diffusion)

Development complete30% H2 co-firing
Type 2
(Pre-mix) 2022: Successful combustion test for large frame 

GT50% H2 co-firing

Validating in lead up to 2025 commercialization100% H2 firing
Type 3
(Multi-
cluster)

Validating in lead up to 2025 commercial unit 
operation and commercialization

100% ammonia 
firing

Type 1
(Diffusion)

Ready to apply 
to commercial 

facilities
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Ammonia : Challenges of Combustor Development
Ammonia is the non-flammable fuel and followings need to be overcome
 Low LHV
 Low flame temperature 
 Low burning velocity

⇒ Need to apply diffusion burner for stable combustion
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-2050-2035-2030

100% firing

Ammonia : Power Generation Technology
Gas turbine: Working on combustor development, aiming for commercialization after 2025
Boiler: Working on burner development, targeting commercialization of ≥50% co-firing in early 2030s

GT

Boiler -2024

2025-

≥50% co-firing
(Green Innovation 

Fund)

Combustor
development

Validation testing,
commercialization

-2024

Burner development,
validation preparation

Validation
testing Commercialization

Current hydrocarbon fuel Ammonia (combustion test)

2027-2028 Early 2030s

Low pressure combustion test 
facility(Nagasaki)

Combustion test at high pressure(2023)
Combustion test at low pressure(2022)

High pressure combustion 
test facility(Katsuta)

4t/h combustion test (2023-2024)
0.5t/h combustion test(2023)
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Low Pressure Combustion Test Facility High Pressure Combustion Test Facility 

 Low pressure combustion tests initiated in 2022.  Initial high pressure combustion tests were started in 2023.  All 
emissions satisfied development target.

 Currently conducting feasibility study for engine demonstration.

Ammonia : Gas Turbine Combustor Development

Schedule

Combustor
Valve skid

Evaporator
Pump

Tank
Superheater
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Hydrogen is the flammable fuel and the followings need to be overcome
 Higher flame temperature ⇒ Increase of NOx emission
 Higher burning velocity ⇒ Increase in risk of flash back
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Hydrogen : Challenges of Combustor Development

Reference︓Texas University Flow field Imaging Laboratory Flame temp(℃)

Hydrogen     Methane       Ethane        Propane   Hydrogen     Methane       Ethane        Propane   

Th
eo

re
tic
al
 a
di
ab
at
ic
 fl
am

e 
te
m
pe

ra
tu
re

Bu
rn
in
g 
ve
lo
ci
ty



© MITSUBISHI HEAVY INDUSTRIES, LTD.  All Rights Reserved. 10

Hydrogen : Type-2 50% Co-firing / Type-3 100% Firing
Hydrogen Co-firing〜50vol% Hydrogen 100% Firing

Flame Image (LNG+H2) Fuel Nozzle
(Type-3)

Fuel Nozzle
(Type -2)

100 vol.% Hydrogen
Flame visualization

Flow direction

Hydrogen 100% high pressure combustor 
test was conducted with Multi-cluster comb of 
H-25 on April, 2022.

30％ Development Completed in 2018
50％ Combustion Test Conducted in 2022

High Press Comb Test Facility

Air

Fuel
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Carbon Dioxide : Carbon Capture Project 

Absorber

Regenerator

CO2
Compressor

Cooling 
Tower

Flue Gas 
Duct

Flue Gas
Quencher

(DCC)

MHI has provided the worldʼs largest carbon capture plant on 
coal-fired flue gas delivered in December 2016 

• Consortium of MHI / The Industrial Company (TIC)
(MHI: Engineering and Procurement for Carbon Capture 
Plant)

Project 
Formation

NRG WA Parish Power Plant (Thompsons, TX)Plant location

Petra Nova - partnership between NRG Energy and JX Nippon 
Oil&Gas
Since 2022, full ownership under JX Nippon Oil&Gas

Project owner

240 MWeqPlant scale

4,776 t/d (1.4 Mt/y)CO2 capacity

Source: Press Release by MHI

Petra Nova Project
The World’s Largest Post-Combustion Carbon Capture Plant

Carbon Capture Plant

EPC full turnkey project

*Clean Coal Power Initiative
*U.S. Department of Energy “W.A. Parish Post-Combustion CO2 Capture 
and Sequestration Project Final Environmental Impact Statement Volume 
I” (Feb, 2013), DOE/EIS-0473
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Bases of Carbon Neutral Technology Development
MHI is developing and verifying decarbonization technologies to achieve carbon neutrality.  
Takasago Machinery Works started the integrated verification of hydrogen production, storage and utilization in 
2023.

①Nagasaki Shipyard & Machinery Works,
and the Research & Innovation Center

②Takasago Machinery Works ③Hitachi works
Katsuta GT Demonstration Test Facility

SOEC*
Hydrogen ProductionCCUS*

CO2 Capture Technology

Conducting elemental experiments 
on ammonia co-firing in boilers, CO2
capture equipment, and hydrogen 
production at Carbon Neutral park.

Manufacture high-efficiency gas 
turbines and develop ammonia 
and hydrogen combustors.
Takasago Hydrogen park 
started full-scale operation in 
2023.

High pressure combustion test of 
ammonia combustor is on-going.

③Hitachi

①Nagasaki

②Takasago

Katsuta Gas Turbine Demonstration Facility

Ammonia test facility

CCUS: Carbon dioxide Capture, Utilization and Storage         SOEC: Solid Oxide Electrolysis Cell
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Takasago Hydrogen park 



© MITSUBISHI HEAVY INDUSTRIES, LTD.  All Rights Reserved. 15

Takasago Hydrogen Park

Storage

Utilize

１

2

Utilize 33

Production

Small & Middle-size Gas Turbine(40MW) Large-size Gas Turbine(566MW)
Utilize Power Generation Production

August.２０２３

Storage

Hydrogen 
Storage

Methane Pyrolysis

Alkaline electrolyzer
(in operation)

Anion exchange 
membrane (AEM) 
water electrolyzer

Solid oxide electrolysis 
cells  
(in operation)



© MITSUBISHI HEAVY INDUSTRIES, LTD.  All Rights Reserved. 16

Hydrogen 30% Co-firing Power Generation in Takasago Hydrogen Park

［Nov. 20, 2023］Takasago Hydrogen Park M501JAC large frame gas turbine(566MW) with dry low NOx 
combustor 30vol% H2 co-firing was successfully operated.
 Achieved 30vol% hydrogen co-firing in 100% load, world’s first large high-end gas turbine

 Reduce CO2 emissions by 10%

 Integrated system verification of  1⃣   Hydrogen Production→ 2⃣   Storage→ 3⃣   Power generation 

*1 compared to natural gas

November 20, 14:47 achieved 30% hydrogen co-firing (Control room)

M501JAC
gas turbine

Utilize

1

Successful 
operation of 30% 
hydrogen co-firing

Type 2 combustor

H2 Production 
Alkaline water 
electrolyzer
(September, 2023 -)

Storage
Installed
(2022)

2

3
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SOEC(Solid Oxide Electrolysis Cell) : MHI Technology

セル

(Completed development)

(Application of SOFC technology)

 SOEC is reverse reaction of SOFC(Solid Oxide Fuel Cell). So, basic cell technology is common.
 SOEC (Solid Oxide Electrolysis Cell) produces hydrogen using steam and electricity.
 More than 10% efficiency compared with water electrolyzer.

fuel exhaust

electricity
air

cell

SOFC

steam H2

air

electricity

cell

SOEC

SOEC Single Cell Stack Test
 Durability test are on-going.
 Durability test has passed 15,000hrs.

 July 2023〜, cartridge test 
was completed.

SOEC: 0.1MW Cartridge Test
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Methane Pyrolysis (Turquoise H2): MHI Technology

CH4

Carbon 
Separator

H2

Solid 
Carbon

Feeder

Catalyst

Fluidized
bed

 Hydrogen production by utilizing the existing LNG infrastructure
 Easy handling by-products solid carbon
 Carbon neutral solution of local production and consumption

Methane Pyrolysis 
Test Equipment

Methane pyrolysis
CH4 → 2H2 + C(Solid)
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MHIʼs Hydrogen Status & Strategy

SOEC: Solid Oxide Electrolysis Cell

Alkaline water Electrolyzer
( Hydrogen Pro)

SOEC
(MHI)

Methane Pyrolysis
(MHI)

<COMPLETED>
 September,2023 : Started operation of Alkaline water Electrolyzer (Hydrogen Pro)
 November,2023 : 30% hydrogen co-firing operation with M501JAC Gas Turbine
 March, 2024 : Started operation SOEC 400kW demonstration system (MHI development) 
 2024 -2025  : Hydrogen storage to be increased from 39,000 to 117,000Nm3 (1050 units)
 March, 2024 : Start verification of H-25(40MW) engine test of 100% hydrogen

<PLAN>
MHI’s hydrogen production technologies (SOEC, Methane Pyrolysis) is under development in Nagasaki 
and will be installed to Takasago Hydrogen Park. 
After verification, the products will be delivered to the market in the near future.
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“Hydrogen is Not the Future,
This is Real. ”




