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Clean hydrogen projects’ status change in 2024-2025
Million tonnes
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Rystad Energy Hydrogen & Derivatives Solution
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Major project advancements in 3Q25
Thousand tonnes of hydrogen

Donaldsonville Blue Ammonia
Taziz Chemicals grey ammonia plant

Jilin Daan Hydrogen Production

Envision Chifeng Hydrogen and Ammonia Project
Longi Urad Hougqi Solar-wind Hydrogen Project
Hygenco Green Ammonia Gopalpur

CHN Energy hydrogen ammonia low-carbon park
Shuangyashan Economic&Tech Development Zone
ELYgator

UpHy Large

Cartagena Refineria

Shanghai Electric Taonan Green Methanol Project - P

JSW Vijayanagar pilot project Under construction

Niagara Hydrogen Centre = Operational

ACWA Power green ammonia

20 40 60 80 100 120 140 160 180 200

o

Rystad Energy Hydrogen & Derivatives Solution
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Clean hydrogen capacity under construction or has reached FID With Asia Without Asia

Million tonnes
3.0 -
O Methane pyrolysis O Renewable [l Abated fossil fuel reformer

Without Asia, blue hydrogen dominates
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Share of binding offtake of clean hydrogen & derivatives
projects post FID

Others
Iron & steel

Power and
utilities Chemical &
Petrochemical

Transport

Asia North Middle Europe  Oceania South Africa
America East America Refinery

Source: Rystad Energy Hydrogen Solution, data as of Dec 2024
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Electrolyzer capacity of winning projects of EHB
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REDIII Transportation transposition

transport
* Adoption of Low carbon hydrogen delegated acts

* Infrastructure development timeline to match Portugal 1%

Belgium 5%

Megawatts
Germany MFinland = Netherlands m Spain Portugal m Norway 2030 RFNBO Multiplier Penalty
Country :
600 - Diagonal shade indicate projects that have dropped out transportation target announced announced
7
500 + ? é Finland 4% for road transport 0 -
400 - 7 7
300 é g Czechia 1% General: 2x 0 -
AP 7 )
200 ~ é % % Denmark 0.9% I\/'Iar'ltln:\e& e
/ / % aviation: 1.5x
100 S % % General: 2x
% % Spain 2.5% Maritime & Q
0 - aviation: 1.5x
L X X FTFEA I LI LR &N &0 General: 3x
0\,’50 \\\0\2\@‘2’0 <<§(’ (_396 2 @Qﬁ/ &o\b (\o\z\ ,be & v & o~ (_3{39 S \?‘p\z\ﬁo\\%\@o\ib\,\i@é\b Germany 1.5% Maritime & °
& \’b& o© »S\% © <L Qj\@ 9\'.@* ¥ ¥ oV N & N 025\ & aviation: 1.5x
S ¥ RAFCRSSN X F L
S @ NFSIROSIN NS S
G N < <Q (,)O Qﬂ/ e Q \2(2)
N NP France 1.5% °
/\/@
General: 2x
. . Romania 1% Maritime & Q
Factor to consider for EU Hydrogen market continued development: aviation: 1.5x
* REDIII transposition & penalties Netherlands 1.07% for road e -

Rystad Energy Hydrogen research & analysis, Hydrogen Solution
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Ammonia tender winner prices vs. LCOA from various project’s setup
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USD/tonnes
1400 - K== Subsidy mmmm Dedicated solar & wind Grid suppliment E_ammonla Wlnnlng pI’ICG Of $630/t ~ $2 75/kg H2
Grid only e Grey ammonia e=@==\\inning price ($/tonne) ’
E-ammonia tender by SECI produces record low e-ammonia prices
1200 + level, benefitting from:
* Local subsidies
1000

e Lower CAPEX

* Less stringent rule for e-fuels, allow for grid banking

800 -
* Marketing strategy
600 - . . .
Assessing EU import from India
400 1 0 Low cost
200 1 6 Low cost might not be sustainable
0" o N > > « ° S e Compliance to RFNBO
& 606 ) \,z;\‘b é"é 2 ré& {b(\q;b ® é”"b
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Clean hydrogen capacity (risked) build in China by end product type

Mtpa hydrogen :
e o °. p
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Known applications of hydrogen projects in China
| m Transport
m Chemical & Petrochemical
Power and utilities
Industry (general)
Gas replacement (general)
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Origin End product Supplier Offtaker Destination

T iohens s
0.25 e =

Golden Island
0.10

Singapore
0.15

Global Energy
0.05 I

Hapag-Lloyd
0.25

Goldwind Energy,
Hinggan
0.75

China
2.07

Methanol
207 Hefei Debo,

Jiujiang
0.15

Longi,
Xuchang
0.12

Green Technology Bank,
Zhangye
0.10

\ cIve,

Yellow Sea
0.05

Yuanhuang Energy,
Ordos
0.50

Marine Plus SA
0.50

*Based on known contracts and agreement
Source: Rystad Energy HydrogenCube
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Manufacturing Capacity in China by Electrolyzer OEMs

Megawatt

Longi

Hygreen Energy
GuofuHee
Peric

Sungrow

John Cockerill

Mingyang Hydrogen Energy
Kohodo Hydrogen Energy
Shuangliang Eco Energy

Envision Hydrogen Technology

| Trina Hydrogen

Hongze Haijin

HydrogenPro

SANY Hydrogen

Shanghai Bright-H Technology
Auyan

BriHyNergy

Amoy lsland Hydrogen Technology
Swift New Energy

CPUH2

Source: Rystad Energy Hydrogen Solution
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AWE
AWE + PEM + AEM
AWE
AWE + PEM
AWE + PEM
AWE
AWE + PEM + AEM
AWE
AWE
AWE + PEM
AWE
AWE
AWE
AWE + PEM
AWE + PEM
AWE
PEM
PEM
SOEC
AWE

Renewable energy OEMs

Key electrolyzer supply contracts in 3Q 2025

November 2025

Supplier

GuofuHee

Mingyang
Hydrogen |

Longi Hydrogen |
SANY Hydrogen |

Huadian Heavy
Industries

Customer

Self

Hami Tonghuide
Green Casting

Green World
Energy Hydrogen

Qair Brazil

Sinopec

Capacity
(technology)

300 MW (AWE)

100 MW (AWE)

80 MW (AWE)

20 MW (AWE)
80 MW (AWE)
80 MW (AWE)

80 MW (AWE)

Project

Green Hydrogen Complex,
Inner Mongolia, China

Hami Tonghuide Green
Casting Project, Xinjiang,
China

Green Hydrogen Project, Mato
Grosso do Sul, Brazil

| H2BRASIL Project, Brazil

| Zhongtian Hechuang Ordos
Coal Chemical Project, China

10000 20000 30000 40000 50000 60000 70000
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Electrolyzers installed outside China Electrolyzers installed in China Operational electrolyzer capacity
Cumulative count Cumulative count Percentage based on aggregated electrolyzer capacity commissioned in GW,
based on contract announcements

1,200 - ) .
B Made in China Made elsewhere
B Large >250 MW 250 -~ DSmall <=20 MW S(1)°EC
1,000 A m Medium 20-250 MW 8 Medium 20-250 MW
W Large >250 MW AWE
O Small<=20 MW 200 - 12%
800 -
150 A
600 1 Made
elsewhere
I PEM 40%
26%
400 - 100 A
—
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Source: Rystad Energy Hydrogen Solution
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Project capacity in MW

Chinese OEMs and EPCs are
gathering market share overseas
due to domestic experience and
leverage first mover advantage:

Combination of state-owned
enterprises and OEMs

GREECE UZBEKISTAN @
©

2.5GW - Akwa
Ibom State Q

(LONGI) project L
OMA
THAILAND
NIGERIA ®
Clean hydrogen assets

Capacity (MW) ‘ 320 MW - Dugm
2500 SEZ Hydrogen
J Project
@ 500 BRAZIL 500 MW - H2 TR
Cumbuco
10 P

Q NAMIBIA )

Electrolyzer Supplier AUSTRALIA
80 MW - Green World

Envision Energy Energy Mato Grosso
Longi ®
Mingyang Hydrogen Technology

Peric

Shuangliang Eco Energy

Sungrow

v

eC0000

Based on announced supply contracts
Source: Rystad Energy Hydrogen Solution
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2025FFREFERFENTS VS BUMEBRRENTS

Average market (nominal) prices in USD per kilowatt ($/kW)

\

- Price range - AWE

I:] Price range - PEM

Average price

1800

1600 A

Chinese PEM exports are much

closer to European prices
1400 A T

—mmmmey

57200 I
2
<
%
o 1000 -
2
S|
& ' Chinese exports are subject to export +100%
° 800 - 1 premiums ranging from 25-40%, driven i
*3 3 by the need for higher-quality materials 3
ﬁ \._and additional certification costs. :

1700 N e TR
T
200 [ ]

200 A

Chinese domestic: AWE Chinese export: AWE Europe domestic: AWE Chinese domestic: PEM Chinese export: PEM Europe domestic: PEM

*Price comparison scope is for 1 MW AWE/PEM electrolyzer systems covering stack + Balance of System (BOS) + Balance of Plant (BOP). The current density for AWE system in this
analysis ranges from 0.3-0.6 A/cm? and for PEM it is 1 A/cm?. Chinese electrolyzer export ranges does not account for transportation. Electrolyzer prices are estimated through
conversations with Chinese and European OEMs.

Source: Rystad Energy Hydrogen Solution; Rystad Energy research and analysis
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FuelEU Maritime IMO
Effective cost of fuels (base cost + penalty - SUs revenue — rewards) Effective cost of fuels (base cost + penalty - SUs revenue - rewards)
USD per tonne of VLSFO equivalent USD per tonne of VLSFO equivalent
3500 - BioLNG range 3,500 - BioLNG range
| NG @7 USD/mmbtu | NG @7 USD/mmbtu
3000 + ——blue-Ammonia 3,000 A e-Ammonia (RFNBO)
e-Ammonia (RFNBO) e e-Ammonia - India tender
2500 - HVO 2,500
2000 - 2,000
1500 -+ 1,500
1000 - 1,000
500 A _f 500
0 T T T T T O
% / o % o o N
V & & O > 3 S o S o S
500 =— P P o QP v > & > > 2
-50073 P P P P P
-1000 -

¢ FuelEU Maritime ammonia use tied to 1% RFNBO sub-target

e Green ammonia (RFNBO) competitive with LNG until ~2035 due to compliance pooling/trading

e After 2035, LNG may regain advantage unless e-ammonia drops below ~$800/t.

¢ LNG remains viable until mid-2040s due to bioLNG blending intra-EU

e Transition from blue to green ammonia out in time possible if low carbon intensity achieved

¢ Key takeaway: Green ammonia competitive with LNG until 2035, but LNG remains viable
longer due to blending flexibility and regulatory scope, Bio-LNG is key to watch

Uncertainty on adoption timeline

Ammonia is still competitive, but depends on GHG definition, adoption timeline is between
2030-2040

Delay can help ammonia prove successful operations

Key takeaway: Lower LNG prices will test ammonia competitiveness, bio-LNG cost
development & adoption key to watch

*All e-fuels and biofuels are assumed to have a GFl of 14gC02eq/MJ. All e-fuels are produced in the North America region with learning rate assumption, SU trading price at $190/t, IMO reward at $200/t for all years.; BioLNG cost is not subsidized; LNG GFl is
according to IMO LCA default parameters using IPCC AR6 GWP-100 factors; LNG is combusted in LNG Diesel slow speed engine. Actual competitiveness driven by each shipowner’s exposure to FuelEU/IMO, demand development for different fuels, geographical
factors, ship & engine type, bunkering location. E-ammonia (RFNBO) is set at $1000/t ammonia, e-ammonia - India tender at $600/t

Source: Rystad Energy research and analysis; IMO;Argus
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Thank you.

Please contact our team for questions or
how to get started.

[RBRKEFFEIE] THRES

rystadenergy.com
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pfiEiiiiiiiiia. (A B Hayley He |+86 13771513656

e pgah RN Chengyang.He@rystadenergy.com
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https://twitter.com/RystadEnergy
https://www.linkedin.com/company/rystad-energy/
https://www.facebook.com/rystadenergy
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