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Converting waste to hydrogen and 
sustainable fuels and chemicals

1. Liquid and solid wastes can be converted to hydrogen, chemicals and fuels

a) Waste feedstocks

b) Conversion technologies

c) Products

2. The level of risk, scale and technical complexity

3. Value chains most likely to have an impact on circularity in the next 10 years.
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Decentralised waste to hydrogen creates circularity within communities and 
can bridge the decades between now and centralised hydrogen production 
and pipeline transmission.

28 April, 2026 https://gasforclimate2050.eu/wp-content/uploads/2020/07/2020_European-Hydrogen-Backbone_Report.pdf
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1) Biogas from liquid and solid
wastes to hydrogen
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Upgrading biogas to biomethane from liquid wastes to make 
biomethane and biogenic CO2. Biomethane can be purified and then 
reformed to make syngas, which can be purified to yield hydrogen.

28 April, 2026
5

Biogas is generated from biomass through anaerobic 

digestion

• Biogas consists predominantly of CH4 and CO2 with 

potential traces of H2S, H2O and other gases

Biomethane is produced from biogas through 

purification or ‘upgrading‘ of biogas

• CO2 removal

• H2S removal

• Drying



• Land fill gas or biomethane is stripped of sulphur 

prior to entering the reformer. 

• Catalyst longevity, reduced maintenance issues, increased 

reaction conversion  efficiencies

• Pressure swing adsorption for hydrogen purification, 

eg to fuel cell grade, if required.

• PSA off-gases used as reformer burner fuel.

• Heat from the burner is utilised to generate steam for 

the reforming reaction. 

• Performance (3 Sizes) 

• Output: 47 Nm3/hr H2 (3.8kg/hr) – 141 Nm3/hr (11.5 kg/hr) H2

• Feedstocks 

• Landfill gas or biomethane 23 Nm3/hr (~16 kg/hr) – 69 

Nm3/hr (~48 kg/hr)

• Electricity: 14.5 – 29.5 kW  

• Water: 100 – 300 litres/hr
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Steam methane reformingof purified 
biomethane produces hydrogen.



Biomethane is a feedstock for 
methane pyrolysis for turquoise 
hydrogen and high-value carbon.

• Turquoise hydrogen from landfill gas or biogas can be carbon 

negative due to the carbon being locked into solid carbon and not 

released as CO2.

• If renewable power is used for the DC, AC or microwave plasma 

(instead of a fired burner for reforming), the CO2 intensity of the 

hydrogen can be reduced.

• Levidian working with United Utilities in Manchester.
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https://hydrogen-central.com/sewage-biogas-produced-manchester-become-

sustainable-feed-source-graphene-and-hydrogen-production-thanks-to-a-

pioneering-partnership-between-levidian-and-united-utilities/



Raw biogas can be used for 
combined methane reforming.

• Biogas contains about 50% CO2 and 50% CH4. 

This is an ideal feedstock for dry methane 

reforming (DMR).

• Catalyst coking is a common problem in DMR 

and can be avoided if steam is added, so the 

process operates as DMR and SMR, or 

Combined Methane Reforming (CMR).

• Electrification of the energy input for the 

endothermic reforming (instead of a using a 

fired burner) can support low-carbon hydrogen 

production, if renewable power is used.

28 April, 2026
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Landfill gas is like biogas. Conversion to hydrogen 
is possible using similar techniques.
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2) MSW as a feedstock for 
hydrogen production
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In US and Europe, more than 380 million of tonnes of MSW could be 
diverted from landfill to yield circa 13 million tonnes of hydrogen 
each year, circa 18% of current global H2 demand.

28 April, 2026 https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwijuKTkveP1AhU0gf0HHVcABiAQFnoECAcQAQ&url=http%3A%2F%2Fwww.findera.fi%2Ffiles%2FCBR%252

0Presentation.pdf&usg=AOvVaw0SMM8AO38Q8ai_Fp0fCdip
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EU Taxonomy of sustainable investment refers to minimising incineration of 
waste and avoidance of landfill, for example through “energy recovery”, ie 
conversion of MSW to hydrogen.

28 April, 2026 12



Plastic wastes are mostly made up of Carbon and Hydrogen. 
SRF / RDF from non-recyclable plastics is an ideal feedstock 
for hydrogen generation.

28 April, 2026 https://www.researchgate.net/figure/Ultimate-and-proximate-analysis-of-different-waste-plastics_tbl1_326681146
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ISO 21640 Standard defines the SRF source 
and quality (EN 15359 is an alternative)

28 April, 2026
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MSW preparation with pelletising can assist with downstream 
materials handling and chemical processing. Torrefaction of 
the pellets may also be required.

28 April, 2026 https://www.kx-machinery.com/msw-isw-briquette-machine/

https://eqtec.com/the-case-for-converting-municipal-waste-into-energy-with-gasification/
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3) Technologies and projects for
MSW to hydrogen and liquid fuels
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• Gasification takes 

place with a precise 

amount of oxygen.

• Reforming 

combines steam 

and a hydrocarbon.

• Water can be used 

to convert CO from 

the syngas to 

additional hydrogen 

and CO2 in the 

water-gas-shift 

stage.

• Or, the syngas can 

be upgraded to 

produce liquid 

fuels.



Ultra-High-Temperature-Hydrolysis
at 1,100 °C with Carbon is released as a solid char.

https://www.cleancarbonconversion.com/
18

lnfeed 
Waste 

material • 

Ecological / Clean / Efficient / Economical 

High temperatures applied to organic matter (waste) 

in an oxygen-free environment converts: 

Reactor 
Conversion at >1100°( 

without oxygen 

Scrubber 
Gas cooling and cleaning 

by a simple acid and a basic 
scrubber 

Syngas 
Organics convert to clean, 

tar-free syngas fuel 

lnorganics result 
as clean, sterile solids 
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Gas Use 
High quality, clean syngas 
allows for many utilization 
options 

Oxygen-free 
Ultra-High-Temperature-Hydrolysis 



Plagazi MSW plasma gasification concept. Much of 
the process is syngas treatment. Carbon is released 
as CO2, which is purified.

28 April, 2026 https://www.m-r-n.com/veranstaltungen/2020/200117%20Wasserstoff%20aus%20Abf%C3%A4llen/03_Pr%C3%A4sentation_Plagazi.pdf 19

• Gasification takes place with a precise 

amount of oxygen.

• Plagazi injects water/steam into the 

plasma gasification reactor.

• Reforming combines steam and a 

hydrocarbon.

• Water is also used to convert CO from 

the syngas to additional hydrogen 

and CO2 in the water-gas-shift stage.

• Heat from the gasification can be 

used to make high pressure steam for 

power generation.

• Waste heat can be used for district 

heating.

• H2 and CO2 clean up and purification 

follow the reaction stages.
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https://www.altalto.com/wp-content/uploads/2019/08/plant_model_looking_east_at_height_regrade.jpg
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• ALTALTO Immingham - Velocys waste to fuels plant proposal for UK
• In partnership with British Airways to make SAF
• 500,000 tonnes of MSW per year
• 60,000 tonnes of liquid fuels (kerosene, diesel and gasoline fractions)
• Engineering study awarded to NEXTCHEM (updraft fixed bed gasifier)
• COD planned for 2030



GIDARA Energy’ Advanced Methanol Amsterdam: pelletised waste wood and 
RDF gasification for methanol, with CO2 offtake. High Temperature 
Winkler(HTW) Gasifier. Methanol can be processed to yield fuels or 
chemicals. The project location is currently under review.

28 April, 2026 https://www.gidara-energy.com/advanced-methanol-amsterdam/ 21



4) Lessons from the past
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28 April, 2026 https://www.letsrecycle.com/news/worlds-largest-gasification-plant-nears-completion/ 23

TV1 and TV2. 

350,000 tonnes 

per annum RDF 

gasification, 

50MWe 

Billingham, UK

2015 to 2016.

Westinghouse 

plasma gasifiers 

– not tested 

previously at this 

scale.



Fulcrum Bioenergy, Sierra Nevada: gasifier technology 
selection was risky; construction was fragmented; and 
operational problems led to failure.

28 April, 2026 https://www.fulcrum-bioenergy.com/sierra-biofuels
24

• Circa 150,000 MTPA of MSW per year

• 11 million gallons per year of clean fuels

• TRI gasifier

• Proven on pulp mill liquors, not MSW

• Pulsed combustion caused stresses

• Secondary ‘Carbon Trim Cell’ operation was complex

• Downstream POx burner (Linde HOT technology)

• Arvos (Schidtsche Schack) heat exchange technology for 

syngas cooling and steam generation

• Wet gas scrubbing and CO enrichment of syngas

• FTS conversion to syncrude onsite

• Syncrude refined to fuels offsite by Marathon Petroleum



5) Waste to energy is the low-risk 
option for hydrogen generation
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Waste thermolysis is not suitable for all waste types. Waste 
incineration (waste to energy) can be an option for more complex 
wastes.

28 April, 2026 26

• Waste is not a precisely controlled feedstock

• Mixing for even heat and mass transfer is difficult

• Tar accumulation can lead to clogging

• Slagging must be considered, or avoided

• Eutectic / ash bridging in the gasifier is a risk

• Refractory lining replacement leads to downtime 
and may need redundant equipment

• Risk of air ingress to the pyrolysis zone of the 
reactor and explosion

• Some waste types yield poisonous for the 
downstream WGS catalyst or PSA bed – these 
must be carefully removed

• Chlorine from PVC (5% max PVC is generally OK)

• Oxygen from PET (10% max PET is generally OK)

• Sulphur from tyres



MSW for Waste to Energy, then hydrogen from electrolysis. 
Pilot in Wuppertal, Germany 2020.

28 April, 2026 https://commons.wikimedia.org/wiki/File:Luftbild_M%C3%BCllverbrennungsanlage_Wuppertal.jpg
27

1) Incineration of sorted residual 

municipal solid waste (MSW) 

“Restmüll“ (biogenic fraction close 

to 50%)

2) Power generation on 427,000 tonnes 

per year MSW to energy plant (2x 

20MW electrical power turbines)

3) Excess power generation (during 

low electricity demand periods) to a 

1.25MW Hydrogenics hydrogen 

electrolyser

4) Maximator integrated hydrogen 

storage of 425kg hydrogen capacity 

and Hydrogen Refuelling Station 

(HRS)

5) Certified “green“ hydrogen for local 

Van Hool A330 Fuel Cell Electric Bus 

fleet
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Introduction to Stephen B. Harrison and 
sbh4 consulting

Stephen B. Harrison is the founder and managing director at sbh4 GmbH in Germany. His work at sbh4 
over the past 8 years has focused on hydrogen, industrial decarbonisation, CCU/S, biofuels, e-fuels and 
clean fertilizers.

With a background in industrial gases, including 27 years at BOC Gases (AFROX), The BOC Group and 
Linde Gas, Stephen has intimate knowledge of hydrogen and many other gases from commercial, 
technical, operational and safety perspectives. For 14 years, he was a global business leader in these 
FTSE100 and DAX30 companies.

Stephen supports the IFC to track down and evaluate the most attractive green hydrogen, biofuels and 
decarbonisation projects worldwide. He has also supported EIB and ADB on several hydrogen and CCS 
initiatives.

Stephen has extensive due diligence and investment advisory experience in the clean-tech sector. 
Private Equity firms, investment fund managers and green-tech start-ups are regular clients.

Industrial corporations often seek his guidance on their industrial decarbonisation plans and growth 
strategies to offer products and services to the emerging hydrogen economy and energy transition.

Startups are increasingly turning to Stephen to guide their technology development roadmaps from a 
solid techno-economic basis. He also advises and supports their tech-to-market strategies.

28 April, 2026
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