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Intro: The Colors of Hydrogen.

Blue and   Green for carbon emission avoidance ĄClean Hydrogen.

Convert natural gas into 

H2 and CO2

Convert natural gas into 

H2 and CO2

Split water into H2 via 

electrolysis powered by 

renewables

CO2 emitted to the 

atmosphere

CO2 stored or reused via 

carbon capture (CCS/U)
No CO2 emitted

H2 Color

Process

C02 Impact 

Existing 

end-uses
All end-uses

All and new 

P-2-X end-uses
End Use

New  end-

uses with 

Grey H2 in 

transition1

Convert coal into

H2 and CO2

CO2 emitted to the 

atmosphere

Chemicals & Energy
(China / South-Africa)

Grey Hydrogen Blue Hydrogen Green HydrogenBrown Hydrogen

Linde path to Clean Hydrogen

Source: Linde 1) Local defossilization of end-uses in mobility, industry feedstock etc.
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Clean Hydrogen.

Bluevs. GreenĄ depends on resource availability and local regulation.

Solar & 

Wind for 

GreenH2

Natural 

Gas for  

BlueH2

Resources Regulation for Clean Hydrogen

τ Low Carbon Fuel Standard: California $200/t GHG 

τ 1million FCEV und 1,000  HRS until 2030

τ Green Deal with  ϵмō ƛƴǾŜǎǘƳŜƴǘǎ

τ 2x40 GW until 2030

τ $55,000 funding for each fuel cell truck

τ 1 million FCEV und 1,000 HRS until 2030

τ ϵтҌн ōƴ ŦǳƴŘƛƴƎ for Clean H2
τ 5 GW until 2030

Source: Linde, H2 Council, McKinsey; 1) All new medium and heavy-duty trucks with zero emission until 2045

Cal: new passenger vehicles with combustion banned after20351

Optimal Resources:

Low High

China: net CO2 neutral until 2060
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Hydrogen cost by region and color. 

Cost and preference with regional differences. 

For Green H2, power cost largest contributor to levelized cost.

Local production cost for H2 by colors

Grey H2: 

τ Natural Gas feedstock cost

τ CO2 emission cost (ETS, tax, penalty, caps)

Blue H2:

τ Natural gas feedstock cost

τ Carbon avoidance cost and sequestration capabilities

Green H2:

τ Levelized cost of electricity and capacity factors

τ CapEx and efficiency of electrolysis

For Blue: vicinity to sequestration key.     For Green: low power prices and H2 pipeline infrastructure! 

Cost drivers

20302020 20302020 20302020

Cost/kg

Grey Blue Green

Source: Linde Analysis 



5

wŜƎǳƭŀǘƻǊȅ ŜƴǾƛǊƻƴƳŜƴǘ ŘǊƛǾƛƴƎ άIȅŘǊƻƎŜƴ {ƻŎƛŜǘȅά ƛƴ 9¦Φ

H2 enables the energy transition; pipeline infrastructure key success factor.

Driver 1: Renewable Power Gen Growth Driver 2: Ambitious GHG Emissions Reduction

18 20

32

2030

Target

2015 2020

Target

EU

% share of gross EU28 final

energy consumption1

2015 EU CO2

Emission Share2

1) IRENA ςRenewable Energy Prospects of the EU, Feb 2018; and https://ec.Europa.eu  /  3) RED II: Renewable Energy Directive, 2nd phase (2021-2030)  / 4) Emission Trading System of EU, 4th phase (2021-2030) 
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Why GreenH2 ?

Ą Energy storage: balancing/ buffering

Ą Fuel substitute Ą emission reduction

Ą Feedstock& building block for 
carbon-reduced processing

Ą Sector coupling Ą Power-2-X

нύ {ƻǳǊŎŜΥ άIȅŘǊƻƎŜƴ wƻŀŘƳŀǇ 9ǳǊƻǇŜέΥ CǳŜƭ /Ŝƭƭǎ ŀƴŘ IȅŘǊƻƎŜƴ н Wƻƛƴǘ ¦ƴŘŜǊǘŀƪƛƴƎΣ нлмфΤ мύ .!¦Υ .ǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭΤ  ¦ƴŘŜǊ ǘƘe assumption: of 1 TWh= 333 Mio Nm³ H2 (lower heating value)

Balancing

Governed by 

RED II 3

Governed by 

ETS IV 4

Buffering / Storage

(-50-55%)
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Linde Electrolysis Setting.

Superior solutions for electrolysis-based Hydrogen production plants.

The leading OEM for PEM 

electrolysis technology

The leading Hydrogen and 

Syngas EPC firm

JV

Our value propositions:

ςStrong proprietary technologies

ςPEM for plants up to 100 MW today; with upscaling and 

innovation roadmap for XXL plant1

ςH2 conditioning / valorization technologies, 

incl. Ammonia / Methanol synthesis

ςHolistic approachĄCapEx and OpEx optimization along 

full value chain

ςά{ƳŀǊǘŜǊέ ǇǊƻƧŜŎǘ ŘŜǾŜƭƻǇƳŜƴǘ ςenhanced offerings by 

e.g. power sourcing, cost synergies, O2-offtake

ςEPC services through all project phases, from concepting 

through feasibility / FEED to plant realization

ςLinde BOO-biz-model Ą enhanced project development 

and related financing power

ςServiceability ĄROC-set-up plus existing after-sales-

service network

мύ LƴǘǊƻŘǳŎƛƴƎ L¢aΩǎ р a² ƳƻŘǳƭŜ ƛƴ нлно
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ITM Linde Proton Exchange Membrane Electrolysis.

Robust ςdurable ςscalable.

Key advantages of PEM-Electrolysis in general 

and ITM in particular:

- Strong CapEx- and efficiency perspective

- Upscaling roadmap for XXL plants in progress

- Highly flexible in combination with variable Renewables

- No corrosive or hazardous chemicals 

- Safe plant operation 

- Electro-chemical compression with 30 bar outlet pressure 

for H2, high product quality (FCEV 5.0 quality) 

- Easy operation and maintenance

- Simple installation and easy EPC integration

- Synergies with fuel cell industry in value chain, R&D and 

industrialization / automation
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ITM Linde Electrolysis: 

Smart modularization to cope with your specific production needs.

10 MW train ĄōŀǎŜŘ ƻƴ н a² άŎǳōŜǎέ ŦƻǊ Ǉƭŀƴǘǎ ǳǇ ǘƻ млл a²

Á Easy to multiply for plants between 10 to 100 MW = 2,000 ς20,000 Nm³/h

Á Max. operation flexibility by ability for individual operation and shut-down

Á Designed for outside & inside installation

Á Simple header connections for water supply and H2 / O2+H2O streams

Á Packaged balance of system for minimal on-site installation and commissioning
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Proton Exchange Membrane Upscaling by ITM Linde.

Next gen stack modules for XXL electrolysis.

Upscaling = simplification, footprint improvement and significant EUR/kW cost reduction

Outlook 5MW Module Development:  

Á Introducing new 5MW module 
with 2.1 tons of H2 per day 

ÁDeveloped for X(X)L MWplants

ÁSemi-automated manufacturing processes

ÁCells with significant efficiency improvement

ÁCommercially available end of 2023

ÁTargeting 500 EUR/kW by 2024

10MW using 2nd , 3rd and 4th generation stacks

Upscaling impact
for a 10MW module


