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H2Boost: a Hydrogen BECCS 
Innovation Programme Project

Introduction to the H2Boost project

Dr Deborah Rathbone
Bioscience Innovation Team Leader
Biorenewables Development Centre



H2Boost phase 1:

Å Identify and map available wastes / feedstocks in 
England

× Household food waste
× Paper and card
× Arable crop residues
× Cattle manures and slurries
× Poultry wastes: feathers and litter
× Fisheries residues
× Food manufacturing residues
× Conservation sites/grass verges
× Forestry waste

Mapping wastes and AD plants

https:// www.virtualthymeregion.com/maps

Data from:
Å Local authorities (WasteDataFlow database)
ÅWRAP reports
Å Defra surveys
Å Natural England
Å Forestry Commission

Yorkshire & Humber, East Midlands, Eastern England 
and the South East (excluding London)



H2Boost phase 1:

× Inoculum preparation
× Pre-treatment of feedstocks / enzyme addition
× Production of H2
× Microbial profiling

Dark fermentation: H2 production

Example of H2 production using food waste

Individual feedstocks and combinations:
Å Gas yield & composition
Å Volatile fatty acid composition
Å Microbial profile

Å Identify and map available wastes / feedstocks in 
England

Å Assess bio-hydrogen production from pre-treated 
feedstocks (dark fermentation; DF)
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H2Boost phase 1:

× Production of CH4
× Digestate characterisation

Anaerobic digestion:
CH4 production

Residue from DF used as feedstock for AD:
Å Gas yield & composition
Å Volatile fatty acid composition

Å Identify and map available wastes / feedstocks in 
England

Å Assess bio-hydrogen production from pre-treated 
feedstocks (dark fermentation; DF)

Å Assess biomethane potential of DF residues
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H2Boost phase 1:

× Growth of microalgae

× Plant design

× CAPEX

× OPEX

× Technoeconomic analysis (TEA)

× Carbon calculator / Life cycle analysis (LCA)

Å Identify and map available wastes / feedstocks in 
England

Å Assess bio-hydrogen production from pre-treated 
feedstocks (dark fermentation; DF)

Å Assess biomethane potential of DF residues

Å Carbon capture

Å Design of potential plant and commercial feasibility

Å Biohydrogen utilization routes and methodologies



H2Boost phase 2: Demonstration scale

Project value:

Timelines:

£5m

Jul 2023 ς Mar 2025

Dark fermentation
2 x 6,000 L

CO2H2

Fuel cell

Enzymes

CO2CH4

Anaerobic digestion
40,000 L

Heat/power

Algae,
cyanobacteria

Feedstock

Inoculum



Lab scale R&D

Demonstration scale build and testing

Supply chain analysis and market engagement

Sustainability analysis and development

Industry dissemination workshops

Project management / engineering project 
management

Å Inoculum development
Å Feedstock pre-treatment / enzymes
Å Dark fermentation
Å Anaerobic digestion
Å Algae & cyanobacteria strain evaluation 

& growth systems

Å Planning & permitting
Å Design, build & installation
Å Performance testing
Å Hydrogen clean up
Å CO2 separation

Å Supply chain attractiveness
Å Preferred scale to match supply chains

Å LCA
Å TEA
Å Regulatory & policy considerations

Å April & September 2024
Å January 2025

H2Boost phase 2: Project activities



H2Boost at the BDC
Presented by Alex Jukes
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Optimised 
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digestion
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Method

Trial 
inoculum

Trial 
feedstock

Optimise process conditions

Optimise process 
conditions



Inoculum

Increase hydrogen content of biogas

Mixed culture

Reduce/ remove methanogens

Feedstock flexibility

Rate of conversion

Stability

Repeatability

Farm digestate
Food waste digestate
Plant based digestate
Sewage digestate

Chemical addition
Heat
pH control
Cavitation and ozone
Microwave

Aims

Methods

Sources



Heat treatment

ÅStarted with autoclave treatments
ÅSuccess with this method in phase 

1 (small volume)
ÅTested with food waste digestate, 

removed methane potential but 
very little hydrogen produced

ÅFarm digestate gave promising 
results but high variability, from 0% 
h2 to 35% (biogas content)



Heat treatment

ÅMoved on to treatments using a 
100L high temperature, stirred 
vessel with a temp probe situated in 
the material.

ÅTested a range of temperatures and 
durations т 90-120ÁC, 30-60 mins.

ÅDark fermentation in the batch system 

was carried out with either glucose 

(control) or food waste soup.
Å Increase from 

0 ï 1.7 % 

methane at 96 

hours storage
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Feedstock

0 100 200 300 400 500 600 700

foodwaste soup

paper manufacturing waste

alternative protein production waste

blend of materials from Maltings

mL h2/ g VS

Changing the inoculum to sewage sludge, with the same treatment conditions has allowed us to 
increase the h2 produced in the Maltings blend to 184 mL h2/ g VS.

Paper manufacturing waste was subject to enzyme treatment.



Next steps

Å Move from batch experiments to 
continuous for the demo plant feedstock

Å Continue testing other feedstocks at batch 
scale

Å Comparison of microwave treatments 
against the current heat treatment for 
inoculum preparation



SMALL SCALE AD TECHNOLOGY
CONVERTING YOUR WASTES INTO RENEWABLE ENERGY

H2Boost Industry Workshop 1 
April 25.04.2024



OUR HISTORY

ω 2011 MOD requested an AD solution for Forward Operating Bases in 
Afghanistan as fuel costs were over $200 per litre. 

ω Aardvark EM undertook a desk top study and were unable to find anything on 
the market. 

ω Aardvark EM and Loglogic Limited built the first digester - that digester is still 
producing biogas today and is run here as our demo and trials unit, and 
Loglogic still host our factory.

ω In 2013 QUBE Renewables Ltd was established and has since developed other 
biogas technologies and deployed projects around the world. 



QUBE Renewables Ltd design and build small scale local 
embedded biogas energy generating systems

QUBE VIEWS BIODEGRADABLE WASTES NOT AS A PROBLEM BUT AS A VALUABLE RESOURCE 

batchQUBElagoonQUBEdryQUBE

bioQUBE quickQUBE powerQUBE fugiQUBE



Design and manufacture of bespoke systems for clients 
who wish to test different feedstocks

Å Digestion parameters and methodologies

Å Additives or pre-treatments

Å Containerised design with individual digestion tanks to 
enable replicates

Å Test rig systems with full analytic capability 

Å Laboratory facilities with real time remote access and 
analytic ability

Å Full feed system for variety of waste inputs 

Å Comprehensive data collection platform

BESPOKE SYSTEMS FOR RESEARCH AND DEVELOPMENT 



H2Boost Design Brief

ÅContainer based Biohydrogen generation system

ÅFollowing the modular approach QUBE adopts for large multinational 
builds

ÅFactory built and commissioned, agile design

ÅPlug and play controls

ÅMinimal on-site installation

ÅIntegration with third parties for specialist technologies around hydrogen 
upgrading and carbon sequestration



Full P&ID to design drawings to fabrication at the factory 



Dark Fermenter unit for 
bio-hydrogen production

Anaerobic digester unit for 
biogas production 



Control room 
Biogas treatment pod Piping and valves 
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