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Company Overview MITSyBISHI
Mitsubishi Power to be integrated into MHI (Oct 2021)
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Global Trends MITSUBISHI

W The world is shifting to a carbon-neutral society

¥ Reducing and recovering CO, net-zero carbon society is to be achieved
by 2050

2020 2030 2050

Adopt SDGs Accelerate decarbonization Realize a carbon
neutral world

Supporting Policies Renewable Energy

‘ e _COz2Reduction
‘ e ‘ Achieve

CO: Recovery net-zero emissions

el RECOVERY

Reference : Energy Transition -New Frontier for MHI Group -
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Technology Development for CO, zero emission ~=Msusiam

Low Carbonization technology and CO2 Reduction Effect
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Technology Development for CO, zero emission -« sz
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MITSUBISHI

Benefits of Hydrogen Gas Turbines ot

Hydrogen Gas Turbines have multiple environmental and economic
benefits.

Minimal investment Carrier agnostic Driver of demand
needed to adopt

Liquid Hydrogen/

Methylcyclohexane Hydrogen
|.H2/MCH
Ammonia @
requires the
same amount 2,000,000
Hydrogen of hydrogen  Fuel cell
@ GTCC  'OPOWEras  yehicles
Nitrogen gas Hydrogen
Power providers can transition to Hydrogen Gas Turbines can be Increasing demand for hydrogen
low-CO2 or CO2-free systems fueled with H2 transported by any will drive infrastructure expansion
with minimal modifications*. type of carrier as well as less pure and further cost reduction.
forms of H2 — thus contributing to
*Detailed scope is subject to plant significant cost reduction.

specification
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Range of H, Combustion Technology mAsvEI

MHI has 3 types of combustors catering to individual project
requirements and hydrogen densities.

Large Frame Gas Turbines

Turbine inlet H2 density
Low NOx tech temperature (‘C) (volume %) Schedule
®

Type 1: N2 dilution, 1200~1400 100%
Diffusion Water/ 1970

‘n Steam injection Cogen/IGCC

>

©

©

Hoe  on a0 P
N 1982 2018
(DLN) DLN 30% co-firing

- [
test completed

e e > o> S
Multi-Cluster 4 100% (target) ®

Mar, 2025
(DLN) . _
Rig test completion

m -

*This presentation is based on results obtained from a project commissioned by NEDO that is a government organization in Japan.
(NEDO: New Energy and Industrial Technology Development Organization)
**DLN : Dry Low NOx

Under development
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Range of H, Combustion Technology mAsvEI

MHI has 3 types of combustors catering to individual project
requirements and hydrogen densities.

Large Frame Gas Turbines

Turbine inlet H2 density

= (O HEE temperature ("C) (volume %)

Schedule

Type 1. N2 dilution, 1200~1400 100% ®
Diffusion
Water/ 1970

‘n Steam injection Cogen/IGCC
=
©
g| Type2: Dry 1600 P o

P[;E"\IM'X 1982 2018

( ) DLN 30% co-firing

~ - -

test completed
5| Types: Dry 1650 100% (target) T TTEEEEEEE o
g_ Multi-Cluster Mar, 2025
S| (DLN) . _
o ~ Rig test completion
: m -
& Lo *
©
c
)

*This presentation is based on results obtained from a project commissioned by NEDO that is a government organization in Japan.
(NEDO: New Energy and Industrial Technology Development Organization)
**DLN : Dry Low NOx
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Hydrogen-mixed Fuel Operating Experiences
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MHI has successfully accumulated more than 3.5 million hours
of H2 co-firing across 29 units since the 1970s.

100 Actual Combustion Test for National Project
90 A plant @ 209,600 hrs
B plant @
80
70
60 C plant HA plant @ 56,200 hrs
D plant @ —— 1 E plant @
51,400 hrs/Stand-by HB plant @
50 F plant @ P
G plant @ 234,500 hrs
H plant @ 97,300 hrs
40 HC/HD plant ® ® 226,600 hrs
HE/HF plant @
| plant @ T o @
30 HG/HH plant @ & o
HJ plant @ HI plant @=== 3,300 hrs
HK/HL plant @
20 K plant @
L plant N/O plant @+ ®--
10 M plant @ 45,800 hrs
HM plant @
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
PY Syngas M Series
e COG H Series
e Refinery Gas Updated as of 2018
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Range of H, Combustion Technology mAsvEI

MHI has 3 types of combustors catering to individual project
requirements and hydrogen densities.

Large Frame Gas Turbines

Turbine inlet H2 density
Low NOx tech temperature (‘C) (volume %) Schedule
®

Type 1: N2 dilution, 1200~1400 100%
Diffusion Water/ 1970
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Multi-Cluster 4 100% (target) ®

Mar, 2025
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*This presentation is based on results obtained from a project commissioned by NEDO that is a government organization in Japan.
(NEDO: New Energy and Industrial Technology Development Organization)
**DLN : Dry Low NOx

Under development
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Characteristics of Hydrogen Co-firing o trsymist

Burning velocity* [-]

The risk of the flashback increases due to the higher burning velocity.

( Hydrogen
L 100%
Natural gas
100%
0 20 40 60 80

Hydrogen contents [vol%]

*calculated by GRI3.0

Burning velocity

- e | —

%_:-q & . /f Flame

Burning velocity > Flow velocity
@ Flashback

Source: Texas University Flow field Imaging Laboratory



Dry Low NOx combustor L

DLN combustor requires countermeasures to prevent Flashback.
~QOriginal nozzle~

air N swirling flow
— =TS
.:fuel path
fuel

—= =
(—fm:)& 3

air /
Low velocity
— flashback risk

~Modified nozzle~

Air injection

( Air path '

High velocity
— Reduce flashback risk
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Dry Low NOx combustor L L

The Axial flow velocity is increased 2.5 times.
~Original nozzle~

air swirling flow
\ \ \I\ / R,
II % *

Conventional advanced
combustor

Low velocity
— flashback risk

Increase 2.5 times

~Modified nozzle~ rling center

Air injection

NN —

[ fuel }
(——f Air path / |
air / _,..(

High veIOC|ty Axial flow velocity [m/s]
— Reduce flashback risk

Radial position [mm]
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Dry Low NOx combustor
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Under the condition of 30% hydrogen in the fuel,
no flashback occurred and the combustion was stable.

NOXx [-]

1,5

1,0

0,5

0,0

T1T=1600degC condition

Combustion rig Hydrogen loader

Test facility
1,5
././././‘,J g
e .\-———0\,\H
©
=
>
a
| c 0,5 -
o
Normalized by 3 Normalized by
0 vol.% hydrogen condition 'g 0.0 0 vol.% hydrogen condition
I I I I I o 7 T T T T T
0 5 10 15 20 25 30 © 0 5 10 15 20 25 30

Hydrogen mixing ratio [vol%] Hydrogen mixing ratio [vol%]
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Range of H, Combustion Technology mAsvEI

MHI has 3 types of combustors catering to individual project
requirements and hydrogen densities.

Large Frame Gas Turbines

Turbine inlet H2 density
Low NOx tech temperature (‘C) (volume %) Schedule
®

Type 1: N2 dilution, 1200~1400 100%
Diffusion Water/ 1970
‘n Steam injection Cogen/IGCC
=)
©
g| Type2: Dry 1600 P o
P[;E"\IM'X 1982 2018
( ) DLN 30% co-firing
test completed
5| [ypes: Dry 1650 100% (target) PR EE o
§_ DULItI\;'CIUSter ( g ) Mar, 2025
§ ) ~ Rig test completion
3 target
o)
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c
)

*This presentation is based on results obtained from a project commissioned by NEDO that is a government organization in Japan.
(NEDO: New Energy and Industrial Technology Development Organization)
**DLN : Dry Low NOx
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Multi Cluster DLN combustor MITsUBISH

MHI is currently developing DLN technology called Multi-Cluster
Combustor for 100% H?2 firing.

"
-

Burner front view

No swirling flow
fuel High velocity
Shorter pre-mixer

v
Reduce

Flashback risk

Distributed nozzle
v
Reduce NOx

L

Multi-Cluster (DLN combustor)
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Multi Cluster DLN combustor MITSuBISHS

100% H, combustion test under the actual gas turbine pressure
successfully demonstrated without flashback at the elemental test facility.

\ | ;' \.

4 Co-axial type Cross follow type

“Visible light Ultraviolet light
measurement measurement
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Zero Carbon Humber, H2H Saltend (UK) misuBIE

MHI has been participating Zero Carbon Humber Partnership in the UK
to create the world’s first net zero industrial cluster by 2040.

ZERO CARBON HUMBER SITE MAP

HLL
®

H2H Saitend

Overall emissions
of region: above 18

British Steel million tonnes of
carbon dioxide (CO,)
per year (MtC0,/y)*

KEY == Hydrogen pipeline (illustrative) == CO, pipeline (illustrative) @ ZCH businesses / facilities

* Combined industry and power emissions for the Humber, excluding Drax Power Station

Hydrogen to Humber (H2H) Saltend project:
a partnership to build the world's first net zero
industrial cluster and decarbonize the North of England.

Feasibility study bid under UK funding.
30% H2 co-firing in Saltend GTCC is the starting point

Saltend power plant in the UK (Humber)  of the project.
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Summary MITSuBISHI

MHI is actively researching and developing

new technologies on hydrogen fuel utilization in gas turbine.

1. Combustion test was successfully carried out 30vol%
hydrogen co-firing at turbine inlet temperature of 1600°C.

2. Using Multi cluster combustor, 100% H, combustion test under
the actual gas turbine pressure successfully demonstrated
without flashback at a test facility.

3. MHI has been participating Zero Carbon Humber Partnership

in the UK to create the world’s first net zero industrial
cluster by 2040.
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