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Agenda.

1. Linde and the hydrogen value chain

2. Hydrogen mobility: advantages and challenges

3. Effective hydrogen fueling in action
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About us

Linde uses its capabilities to drive clean energy projects worldwide

10/31/2019 Footer

About Linde Clean energy projects by Linde

Key financials

Liquefaction

Separation

Thermal Cracking

Key products: Plants, components, services & molecules

Oxygen
NitrogenRare gases

Hydrogen

Carbon dioxide

Carbon monoxide
Olefins

Synthesis gas

LNG plant, Norway 
Waste Management site 

(landfill gas to liquid biogas)

Post-combustion capture 
plant, USA

Green hydrogen production, 
Energiepark Mainz, Germany
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Linde’s world of hydrogen

Linde ensures highest efficiency and safety along the entire hydrogen value chain

10/31/2019 Footer

H2 production

• renewable production…

• conventional production

H2 distribution

• pipeline

• trailer transport

• on-site production

H2 fueling  

• liquid hydrogen

• gaseous hydrogen

Other  

• liquification

• storage

• project execution

• service & maintenance
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Key components within the hydrogen value chain

Generate enough product, liquify for efficient transport and storage, deliver any type

10/31/2019 Footer

H2 production H2 liquification H2 distribution

— 500 plants built worldwide, more than 100 plants operated 

by Linde Gases

— Entire process chain for small, medium and large scale

production and treatment of synthesis gas and H2/CO

— Utilisation of all petrochemical feedstock, from natural gas 

through heavy oil to coal Highly efficient process (e.g. 

ammonia)

— Green hydrogen production plants both based on 

electrolysis and biogas reforming 

— Small hydrogen liquefier 150-600 l/H (e.g. in China, 

India, Japan) 

— Medium hydrogen liquefier 600-3,000 l/h (e.g. in 

Germany, India)

— Bulk hydrogen liquefier >3,000 l/h (e.g. in Canada, 

Japan, Germany)

— GH2: total H2 load of 530 kg per one trailer

— LH2: total load of 3,370 kg per one trailer
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About hydrogen mobility 

We (will) see a larger demand for large scale fueling stations on small footprint 

10/31/2019 Footer

Fueling time and power consumption Range & weight Urbanization

✓ Refueling of one fuel cell car:  3-5 minutes

✓ Refueling of one fuel cell bus: 10-18 min.

✓ Power consumption of a standard Linde CP-90 

station: 45 kW

✓ Range fuel cell car with one tank (5 kg): 

500-700 km – also in winter times

✓ Range fuel cell bus with one tank (36 kg): 

~350 km – also in winter times

✓ Weight of fuel cell system: 

significantly less than related battery

− Mega cities constantly grow

− Very high intra-city mobility demand

Prediction 1:

FC-technology will play a major role, because it is 

mass suitable, and thus network stations will 

constantly grow!

Prediction 2:

On the short and mid-term we see larger demand for 

larger bus, train and truck fleets (back-to-base)!

Prediction 3:

Most hydrogen infrastructure is needed in cities 

where space is becoming more and more 

valuable!

Challenge 1: we will need H2 stations with large capacities both for future proof network stations and for back-to-back stations serving large fleets  

Challenge 2: small footprint and ability for integration into existing fueling stations

Challenge 3: high reliability and safety standards in order to nor jeopardize technology acceptance

+
+



9

Hydrogen capacity requirements for network stations

Capacity is needed to meet growing number of FCEV.

10/31/2019 Footer

1 https://www.statista.com/statistics/196024/number-of-registered-automobiles-in-california/

Vehicle type H2 consumption per day

Car (light vehicle) 0,4 kg

Bus 30 kg

Truck 100 kg

Train 250 kg

Hydrogen consumption per vehicle type Consequences for hydrogen fueling stations

Example light vehicles:

➢ 15 million registered cars in California alone 1

➢Assume a split of 1/3 each: battery electric, fuel cell electric, other fuels

➢ That means 5 millions fuel cell electric cars

➢ That means a hydrogen demand of 2,000 tons of hydrogen per day

➢ That means per station…

➢ In case of 3,000 stations:  700 kg per day

➢ In case of 1,000 stations:  2,000 kg per day

➢ In case of 500 stations: 4,000 kg per day
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Hydrogen fueling technology by Linde

Linde is the most experienced provider of hydrogen infrastructure

10/31/2019 Footer

Linde Hydrogen FuelTech

Leading technologies Global projects Leading expertise and know-how

CP – Cryopump (LH2)

IC – Ionic Compressor (GH2)

✓ More than 160 fueling stations installed 

worldwide

✓ More than 1,5 million successful fuelings of 

cars, buses and forklifts

✓ Only provider of LH2 fueling technology

✓ Supplier of the world’s first hydrogen station 

for a passenger train

✓ Supplier of the world’s biggest hydrogen bus 

depot in California
Emeryville, CABerlin Tokyo
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A future-proof network station

Linde has built the first public LH2 station in California based on CP 90.

10/31/2019

Example Oakland, California H2 refueling station layout Linde’s CP 90 technology

− Address: 350 Grand Ave; Oakland, CA 

− First public HRS in California based on LH2 and 

Linde‘s CP-technology 

− Fully integrated into existing conventional fueling 

station (First Element)

− Liquid hydrogen station (LH2)

✓ Compliance with all customer requirements!

✓ High storage capacity of 800 kg (LH2) to keep up with 

growing demand! 

✓ Very small footprint of 33’ (length) x 9’22’’ (width)!

✓ Simultaneous refueling on a double 700 bar (cars) 

and 350 bar (buses) dispenser!

✓ Fueling capacity of 480 kg/12 hrs. (40 kg/ hour)1

✓ Maximum outlet pressure of 900 bar!

✓ Energy consumption reduced by 70%! 2

✓ High reliability, little maintenance effort!

1 inlet pressure of 2 bar   2 In comparison to a conventional piston compressor
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Another future-proof network station

Linde goes exponential and delivers efficient and safe large scale H2 fuelling stations.

10/31/2019

Example Munich, Germany Close-up LH2 refueling station H2 refueling station layout

− Address: Kreillerstraße 220, 81825 Munich

− Fully integrated into existing conventional fueling 

station (Allguth)

− Operated by H2Mobility Germany 

− Liquid hydrogen station (LH2)

✓ Built into residential area

✓ Core technology: CP 90

✓ Storage capacity 400 kg (LH2), but can be 

retrofitted with 800 kg tank without changes in 

tank dimensions.

✓ Very low footprint: 23’ (length) x 20’ (width)

✓ Fueling capacity of 400 kg/12 hours (33,3 kg/hour)1

✓ Maximum outlet pressure of 900 bar!

✓ Energy consumption reduced by 70%! 2

✓ High reliability, little maintenance effort!

✓ Very low noise level

Source: Hindel Schienbeins Architekten.

1 inlet pressure of 2 bar   2 In comparison to a conventional piston compressor
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Different approach: underground station

Linde is the only supplier that has realized underground storage and compression.

10/31/2019

Source: CEP

Underground station in Munich, Germany

Stairs to basement 600 kg LH2 tank CP 90



15

Different approach: underground station

Linde hast built the world’s largest hydrogen station for cars .

10/31/2019

Source: CEP

Underground station in Berlin, Germany

✓ 2x CP 90–C: fueling capacity of 100 kg/hour 

✓ LH2 tank: 1,000 kg
The largest hydrogen station in the 

world for light FCVs in terms of 

capacity
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A state-of-the-art hydrogen bus station

Linde has built the very first hydrogen fueling station in South East Asia.

10/31/2019

Example Sarawak, Malaysia Layout Twin IC 90

− Very first hydrogen fueling station in South East Asia

− Onsite hydrogen production per electrolysis included

− 350 bar and 700 bar dispenser line

− Main user: local bus fleet (public transport)

− Gaseous hydrogen station (GH2)

✓ Core technology: Twin IC 90 

✓ Fully containerized and thus highly compact

✓ Very small footprint of 8’2 (length) x 2’4’’ (width) x 

2’6’’ (height)

✓ Fueling capacity of 1,200 kg/day!

✓ Maximum outlet pressure of 900 bar!

✓ Energy consumption reduced by 25%! 1

✓ Very small number of moving parts (liquid piston)

✓ High reliability, little maintenance effort!

Close-up compressor unit

1 In comparison to a conventional piston compressor



18

New dimensions of hydrogen bus stations

Linde goes exponential and delivers efficient and safe large scale H2 fuelling stations.

10/31/2019

Concept larger bus depot

Station design concept

Station design concept

✓ Currently built in middle Germany for 80 buses

✓ Fueling capacity: 2,400 kg in 6 hours

✓ Core technology: 4x CP 90 (100 kg/ hour each)

✓ High pressure storage capacity: 500 kg

✓ 6x 350 bar dispensing lines

✓ LH2 storage capacity: 2x 4,500 kg

✓ Total footprint station: 85’3’’ (length) x 39’4” (width)

✓ Electrical connection power: 400 kW
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First of its kind: a passenger train fueling station

More hydrogen fueling stations in Europe are already planned.

10/31/2019

Concept passenger train fueling station

Station design concept

✓ Currently built in northern Germany for 14 trains!

✓ Fueling capacity: 1,800 kg/day (12 fuelings in 24 hours)

✓ Core technology: 3x Twin IC 60 (40 kg/ hour each)

✓ Total GH2 storage at site: 4.9 tons

✓ 2x 350 bar dispensing lines

✓ Total footprint fueling station: ~5,500 sqft
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Summary: huge potentials and very promising developments

Linde will keep up its efforts together with partners to further drive hydrogen mobility 

10/31/2019 Footer

Potential of hydrogen in mobility

Ecological potential

H2 fueling capacity installed by Linde alone to date can deliver 

15 million kg H2 per year; this is enough for                1,5 billion 

km zero emission driving per year

Economic potential

The conversion of 1% only of the global vehicle fleet from 

conventional to fuel cell would correspondent to a H2 market 

value of more than 10 billion € per year 1 leading to 30 million 

new jobs by 2050

1 1.2 bn fuel cell cars (1% of ~120 bn cars world wide), 150 kg H2 per car per year; 8€ per one kg H2

Positive developments

✓ Hydrogen fueling technology is state of the art!

✓ Linde has successfully moved from small and medium sized 

to large scale hydrogen fueling stations making the 

infrastructure future-proof!

✓ Many of the world’s largest companies are aligned in 

effective initiatives such as the Hydrogen Council!

✓ More and more countries formulated hydrogen roadmaps 

and hydrogen strategies!

✓ Hydrogen technology gains more and more visibility in 

pubic media!

➢ Let’s jointly use this positive momentum!
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Thomas Schaefer, Global Market Development, Thomas.Kurt.Schaefer@linde.com


