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Hydrogen now enables cross-sector decarbonisation and a new 
export industry

Renewable energy storage, 
distribution; grid services

Mobility –
all scales

Decarbonising gas networks 
and other industries

Renewable 
energy export

Remote area 
power



The challenge of scale
By 2050 we could have a global hydrogen demand of 80 EJ
• A 10x increase on 2015, a big shift in usage patterns, and a massive 

need for ‘carbon-free hydrogen’

http://hydrogencouncil.com/wp-content/uploads/2017/11/Hydrogen-scaling-up-Hydrogen-Council.pdf



CSIRO biomass and waste to hydrogen:
Thermochemical Pathways



Combustion Waste + air, combusted to 
produce high 
temperatures. Excess O:C. 

Heat used for power gen and district 
heating. 

Ash residue either used (e.g. 
construction) or landfilled (can 
contain hazardous materials).

Gasification Waste + air/O2, reacted at 
stoichiometric O:C at 
moderate to high 
temperatures to produce 
a syngas (CO, H2).

Syngas is a feedstock for producing 
industrial products, chemicals, fuels, 
as well as heat and power. 

Residue is ash, or sometimes an 
inert, glassy slag, which can be 
used or disposed of.

Glassy slags do not leach.

Pyrolysis Waste + heat, no O2. Produces gases, tars, and oils that 
can be refined (and/or used as the 
fuel for the heat source) and a char 
residue which may be suitable for ag 
applications, for example.

Residue is variable and depends 
on refining and utilisation 
pathways.

Thermochemical pathways for bioenergy
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An established technology
• For large-scale coal to chemicals, fertilisers, 

power, gas, hydrogen, etc
• Considerable experience with biomass 

gasification for small scale power, and more 
recently to products

Less advanced in the context of waste
• Many concepts and demonstrations, and many 

with technical success
• Challenges with project economics
• Some technology-specific challenges with scaling 

up

Gasification Valmet 140MW CFB gasifier for biomass and waste

www.valmet.com/energyproduction/gasification/

Enerkem plant in Canada
https://enerkem.com/



Gasification



CSIRO Biomass and waste to hydrogen:
Biological Pathways



Renewable methane

Biogas CO2 separation

CO2

CH4

Electrolysis

H2

CH4Methanation

Biogas upgrading removes 
CO2 (and other species) 
leaving biomethane 

Biogas methanation uses 
H2 to convert the CO2 into 
additional methane.

Increases methane 
production, stores 
renewable energy.



Biogas to Hydrogen
Methane pyrolysis
• Hydrogen and solid carbon from 

methane
• Catalytic process

Biogas application
• Demonstration in WA using ARENA 

grant fundinghttps://hazergroup.com.au/about/#hazerprocess



Feedstock Energy required

Water Light

Biomass, organic 
waste streams

Light (photo-
fermentation), heating 
(<80°C)

Sugars (glucose, 
sucrose) Heat

Organic waste streams Electricity

Biological hydrogen pathways

Fermentative

Photosynthetic

Bioelectrochemical

Enzymatic



Concentrated Solar Thermal
• Pre-treatment of waste streams to 

optimise H2 production

Dark Fermentation
• Some established pathways for organics -> 

H2

• Developing appropriate conditions and 
systems for integrated operations

Microbial hydrogen from waste

Long term cheap heat

Value add to waste

Somewhat 
established 
technology

Enhanced substrate and microflora

Higher H2 yield



CSIRO Agriculture and Food
• Plant engineering expertise to develop 

capability for converting N2 into NH3 in 
their own cells

CSIRO Manufacturing
• MOFs for enzyme stabilisation

Goal
• Biological foundation and industrial 

pathway for solar-powered conversion of 
N2 to NH3 and H2.

Nitrogenase – a new route for H2/NH3?
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