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Water: H20

Methane: C H4

Butane: C 4H10

Ethanol: C 2H6O 

Sugar: C 6H12O6

Wood: C 12H22O11*

Petroleum: C nH2n+2

Coal:

C135H96O9N

S

* Approximation
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Various viable pathways lead towards renewable 
hydrogen

Biogenous Pathways
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1 E.g. Sewage Gas, landfill gas, mine gas, etc
2 With e.g. energy maize, liquid manure, etc.  as feedstock for biogas production
3 Mainly solid biomass like woody biomass, straw, solid & lignocellulosic by-products
4 Either direct H2 production or alternatively NH3 generation as H2 carrier
5 Algae biomass can be used as feedstocks for gasification and fermentation theoretically
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— Joint Venture between “Waste 

Manage-ment, Inc.“ and Linde Gas 

North America LLC.

— Landfill gas from the natural 

decomposition of organic waste. 

— World’s largest landfill gas (LFG) to 

liquefied natural gas (LNG) plant.

— Produces up to 50.000 l (13.000 gal) 

of LNG a day  

��� � Landfill gas can also be used to 

produce clean hydrogen.

Landfill gas to fuel has arrived
Altamont Liquefied Natural Gas Plant, Livermore, 
California
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Algae-to-biofuels: Research moves to pilot plant sc ale

— Method utilizes algae, CO2, salt 

water and sunlight to directly 

produce 3G bioethanol and other 

3G biofuels.

— Optimum management and cost-

efficient supply of CO2 and O2 is 

a key success factor.

— CO2 from fossil fuel sources.

— Fuels or chemicals from algae are 

a promising way of reducing 

green-house gas emissions.

� Longterm potential: the output 

could also be used to produce 

clean hydrogen.Source: Algenol Biofuels LLC
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Roadmap towards renewable hydrogen
From pilot plants to long term ideas
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1 Technical potential of renewable based hydrogen production. Still accessible renewable energy sources are taken into account only
2 Comprises the overall merchant- and captive Hydrogen production, also for ammonia and methanol production
3 If all 42 Mio. cars in Germany would be operated with Hydrogen as fuel and a fuel cell as powertrain, the German natural gas demand would increase by about 

25 % in case that all Hydrogen is produced from natural gas; basis 83,7 MJ H2/100 km
Source: IEA-Statistics, Ludwig-Bölkow-Systemtechnik (LBST), DWV; CEH Marketing Research Report Hydrogen SRI Consulting, 2007
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Current H2 Production 
in Europe 2: ~ 8,3 mio 
tons/y

Europe has the potential to replace fossil fuels in  
transport with renewable hydrogen
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Conclusion

— Hydrogen is a large and strongly growing industrial gas 
market. Production & handling are well known .

— Hydrogen has the potential to be a substitute for our 
fossil fuels ; in the medium and long-term it can be 
produced from renewable sources .

— “Grey” and “green” hydrogen have identical properties :
Vehicle fleets and infrastructure build up should start before 
switching to 100% green hydrogen.

— We will see a large variety of approaches in the ne xt 
couple of years – we expect a lot of progress!
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It is not the strongest of the species that survive s, 
nor the most intelligent that survives. 
It is the one that is the most adaptable to change.

Charles Darwin
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Thank you for your attention
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Linde Activity:
Methane from Waste Gas in the US
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Example: Altamont LNG Plant in Livermore, Cal
Landfill gas to fuel

— JV of “Waste Management, Inc.“ and 

Linde

— Landfill gas from the natural 

decomposition of organic waste.

— World’s largest landfill gas (LFG) to 

liquefied natural gas (LNG) plant.

— Produces up to 13,000 Gall. of LNG a 

day  

��� � Could also be used to produce 

hydrogen
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