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H2Boost phase 1. Mapping wastes and AD plants
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H2Boost phase 1:

A Identify and map available wastes / feedstocks in

England

A Assess bidydrogen production from pretreated

feedstocks (dark fermentation; DF)

X Inoculum preparation

x Production of H
x Microbial profiling

N

X Pretreatment of feedstocks / enzyme additio

n
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Qumulative biogasyield (mL)

Dark fermentation: H production

Individual feedstocks and combinations:
A Gas yield & composition

A Volatile fatty acid composition

A Microbial profile
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Example of Hproduction using food waste



x Production of CH
x Digestatecharacterisation

Anaerobic digestion:
CH, production

Residue from DF used as feedstock for AD:
A Gas yield & composition
A Volatile fatty acid composition
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- = Food waste, paper and pea starch +enzyme DFHAD
—Food waste, paper and pea starch +enzyme AD only

Use of dark fermentation residue in AD



/x Growth of microalgae \

x Plant design
x CAPEX
x OPEX

x Technoeconomic analysis (TEA)

( Carbon calculator / Life cycle analysisﬁ:A)




H2Boost phase 2: Demonstration scale
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H2Boost phase 2: Project activities

Lab scale R&D

o o T I I

Demonstration scale build and testing

To o o I I

Supply chain analysis and market engagementA

A Preferred scale to match supply chains

Sustainability analysis and development A

A
A

Industry dissemination workshops A
A
Project management / engineering project
management

Inoculum development

Feedstock prdreatment / enzymes

Dark fermentation

Anaerobic digestion

Algae & cyanobacteria strain evaluation
& growth systems
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Scalable carbon capture technology

Planning & permitting

Design, build & installation QUBE

Perf(?rmance testing D renewables aardvark
Hydrogen clean up

CQ separation
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Supply chain attractiveness organic
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LCA
TEA
Regulatory & policy considerations

April & September 2024
January 2025

The Bioeconomy Consultants ,






Feedstocks

Optimised
process
conditions

Hydrogen
producing
Inoculum

Material for
anaerobic
digestion




Trial
feedstock

Optimise process conditions

\ 4

Optimise process
conditions




Increase hydrogen content of biogas

Mixed culture

Reduce/ remove methanogens
Feedstock flexibility

Rate of conversion

Stability

Repeatability

Sources

Farm digestate

Food waste digestate
Plant based digestate
Sewage digestate

Chemical addition
Heat

pH control

Cavitation and ozone
Microwave




Inoculum variability

A Started with autoclave treatments

A Success with this method in phase
1 (small volume)

A Tested with food waste digestate,
removed methane potential but
very little hydrogen produced

A Farm digestate gave promising

results but high variability, from 0% .
h2 to 35% (biogas content) [ ]

methane (%) hydrogen (%)
mbatch 1 mbatch 2




A Moved on to treatments using a
100L high temperature, stirred
vessel with a temp probe situated i
the material.

A Tested a range of temperatures and
durations T 90-120AC, 30-60 mins.

A Dark fermentation in the batch syste
was carried out with either glucose
(control) or food waste soup.
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RT) RT)
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20 g glucose 4 g glucose 20g VS 4 g VS foodwaste

Stability at room temp

100
hours stored

foodwaste

Increase from
01 1.7 %

methane at 96
hours storage




mL h2/ g VS

blend of materials from Maltings || GGGz
alternative protein production waste ||l
paper manufacturing waste - |EEE——
foodwaste soup || NG

100

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

Paper manufacturing waste was subject to enzyme treatment.



Next steps

/A Move from batch experiments to \
continuous for the demo plant feedstock

A Continue testing other feedstocks at batch
scale

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

/




D QUBE
renewables

SMALL SCALE AD TECHNOLOGY
CONVERTING YOUR WASTES INTO RENEWABLE ENERGY




OUR HISTORY

w 2011 MOD requested an AD solution for Forward Operating Bases in aa_l'dva I'k
Afghanistan as fuel costs were over $200 per litre. EIVITRIMENTMALErS

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

l \loglogic
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w Aardvark EM and Loglogic Limited built the first digestbat digester is still
producing biogas today and is run here as our demo and trials unit, and

Loglogic still host our factory.
{3 QUBE

w In 2013 QUBE Renewables Ltd was established and has since developed oth I'eneu_lables
biogas technologies and deployed projects around the world.

"'] QUBE

renelwables




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

QUBE VIEWS BIODEGRADABLE WWGIASSA PROBLEM BUT ABIAJABLE RESOURCE

I£>¢> *

Human Waste QUBErenewables Energy

|agoorQUBE batchQUBE



BESPOKE SYSTEMS FOR RESEARCH AND DEVELOF

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

A Digestion parameters and methodologies
A Additives or pretreatments

A Containerised design with individual digestion tanks tc
enable replicates

A Test rig systems with full analytic capability

A Laboratory facilities with real time remote access and
analytic ability

A Full feed system for variety of waste inputs

A Comprehensive data collection platform



QUBL A Container based Biohydrogen generation system
renewables

HZBOOSt DES|gn Brlef A Egilllggving the modular approach QUBE adopts for large multinational

A Factory built and commissioned, agile design
A Plug and play controls
A Minimal onsite installation

A Integration with third parties for specialist technologies around hydroge
upgrading and carbon sequestration

L,
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Anaerobic digester unit for Dark Fermenter unit for
biogas production bio-hydrogen production




Biogas treatment pod Piping and valves

Control room



Resource recovery and reuse from waste streams

BioResource Systems Research Group: What are we looking for?

Meaningful answers to unsolved problems in fundamental science
that will lead to greater understanding of biochemical processes and

potential engineering solutions to global challenges.

—

from lab to market products



Simultaneous carbon, nitrogen and phosphorus uptake by microalgae

Polyphosphate synthesis in Chlamydomonas

VTC complex

ADP+Pi! :

PPi
PiH+ H°
t PiNa

HV WD mag | det | HFW | 12/10/2013 2 pm
3.00kV |6.0 mm |40 027 x| ETD |7.45 pm| 10:32:25 AM Quanta FEG

2Pi

Regulation of polyphosphate metabolism in Chlamydomonas and potential for exploitation as a P
sink in nutrient recovery systems. BBSRC (BB/N016033/1), £500k (2016-2020)

'Baker A, 2Camargo-Valero M A, 'Chu L, *Wood N, 'Slocombe S, 2Zuniga-Burgos T.
'School of Molecular and Cellular Biology, University of Leeds

2School of Civil Engineering, University of Leeds

3School of Chemical and Process Engineering, University of Leeds




Phosphorus transformations induced by microalgae

Close the broken P cycle
and mitigate its effects on
our environment by:

—

We believe microalgae may be a

possible solution
T ® | ;

8 9. :
Light microscopy of C. reinhardtii cells
(400x)

TEM microscopy of a C reinhardtii
cell (Yulyestorini,2016)

Recovering P from wastewater via:
1. Cost-effective means

2. In a bioavailable way that allows P recycling

into agriculture

Microalgae nutrient
uptake
|
[ [ ]
Carbon Nitrogen Phosphorus

(C) ~50% (N) ~8-10% (P) ~1-2%
|| Lipids/ Protein/ DNA/Energy/

Starch ~| Aminoacids | | Storage




Phosphorus recovery from wastewater using microalgae

1% in-cell P

11 7.0
||||| Magi  1300x 4 7 mm
A% 4202 2270372018

o/
Regulation of polyphosphate metabolism in Chlamydomonas and potential 14 {5-cell P n,‘-ax'

for exploitation as a P sink in nutrient recovery systems. BBSRC {
(BB/N016033/1), £500k (2016-2020)

.

'Baker A, 2Camargo-Valero M A, 'Chu L, *Wood N, 'Slocombe S, 2Zuniga-Burgos T. ookl il e

'School of Molecular and Cellular Biology, University of Leeds
2School of Civil Engineering, University of Leeds
3School of Chemical and Process Engineering, University of Leeds

Zuniga Burgos L T (2019 - 2023). Manipulation of Chlamydomonas reinhardtii Phosphate
overplus response for biological phosphorus recovery from wastewater. School of Civil

Engineering, University of Leeds.



Phosphorus recovery from wastewater using microalgae
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Slocombe S P, Zuniga-Burgos T, Chu L, Mehrshahi P, Davey M P, Smith A G, Camargo- Zuniga-Burgos T, Saiardi A, Camargo-Valero M A and Baker A (2023). A story of P
Valero M A and Baker A (2023). Overexpression of PSR1 in Chlamydomonas reinhardtii overplus physiology in C. reinhardtii: the highlight of RNA and nutrients other

induces luxury phosphorus uptake. Frontiers in Plant Science, 14:1208168. https:/doi: than P (Algal Research, under review)
10.3389/fpls.2023.1208168



Carbon capture and utilisation using microalgae: CO2 sources

H, upgraded to

transport quality Quality standards for Hydrogen:

2 umol/mol CO,, *EN 17124/*I1SO 14687

Biohydrogen:
H, and biogenic CO, mix

*EN 17124:2018 Hydrogen fuel. Product specification and quality
assurance. Proton exchange membrane (PEM) fuel cell applications
for road vehicles, european committee on
standardisation, Bruxelles (2018)

. L ) Green Industrial Revolution
*SO 14687:2019 Hydrogen fuel quality—product specification International owered bv bichvdrogen production from waste streams H 2_ BOO St
organization for standardization (2019) Geneva, Switzerland P y ydrogen p

Biogenic
CO,




Carbon capture and utilisation using microalgae: CO2 sources Power and

low-grade heat

Biomethane:
CH,4 and biogenic CO, mix

Biogenic
co,
VFA rich Pathogen-free,
stream Nutrient-rich
Digestate
Biogenic
CO,

* C.Salomoni, A. Caputo, M. Bonoli, O. Francioso, M.T. Rodriguez-Estrada, D. Palenzona.Enhanced

methane production in a two-phase anaerobic digestion plant, after CO2 capture and addition to . .

organic wastes, Bioresource Technology, Volume 102, Issue 11. Green Industrial Revolution H B
* Yadira Bajén Ferndndez, Ana Soares, Peter Vale, Konrad Koch, Anne Laure Masse & Elise Cartmell powered b‘j’ biohyd rogen production from waste streams 2- OOSt

(2019) Enhancing the anaerobic digestion process through carbon dioxide enrichment: initial
insights into mechanisms of utilization, Environmental Technology, 40:13, 1744-1755



Carbon capture and utilisation using microalgae: N and P source

Biomethane:
CH, and biogenic CO, mix —

Power and
low-grade heat

=

Biogenic
Cco,

‘ Biomass

Liquid
fraction

VFA rich
stream

Biogenic
Cco,

=)

Pathogen-free

Biosolids .
Reclaimed water

Green Industrial Revolution
powered by biohydrogen production from waste streams H 2" BOOSt



Carbon capture and utilisation

2050

using microalgae: pilot plant
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H2Boost Industrial Webinar
25th April 2024

Wwww.cyanocapture.com
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