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University of Glamorgan
Hydrogen Research Unit - background

_J'- M
i‘-_«r =Y
3 i%‘, TR -‘lh .
Y P ot Wil
2 i
/-
S o A
e 4] \
J [
}._p..-f.:.a-.-'---.;
------- o T okl I"A"m“*’ o
F, W\?' b
\ Pt
Priogly, - ,_..El:g'l o H
--'i.‘--n“‘l I:_'mxc&t .W&:ﬁls.\:m L
“ Smie-on et ;:?"
"Lﬁ.-.btrp. ot o it
....~-n-_.m.; Bamngham 'WT
- .,.g_“'“"""“' *cartrde,
e
Barrlapie = i b . - pr
! ' b St Kicwier
i IR
S

University of Glamorgan
— 10 miles north of Cardiff
— 20,000 students

Sustainable Environment SERC

ENVIRONMENT

Research Centre

'

'

Wastewater
Treatment
Research Unit

Hydrogen Research Unit @

Over 30 years experience of wastewater treatment
and biomass fermentation research

Specialising in renewable and biological hydrogen
production and researching transition to the hydrogen

economy




Hydrogen Research Unit @

» Wide range of multi-disciplinary skills

Part of a strong 30-year old Research Centre
Specialising in:
sustainable hydrogen production
biological hydrogen generation
socio-economic and technical implications of transition
microbial fuel cells

Research funding from EPSRC,
EU-FP6, ERDF, Carbon Trust,
KEF, industry, SUPERGEN,
Marie Curie etc.

International Links - research
and representation

Experience of lab, pilot and full
scale plants



International Representation

International Energy Agency Hydrogen Program

28 year programme
Accelerate global sustainable hydrogen implementation and use

International R, D & D cooperation
UoG HRU advisors on this programme

International Partnership for the Hydrogen Economy

Created in 2003

International co-operation on hydrogen and fuel cell research,
development, demonstration and commercialisation

Code, standards and policy advancement
Unit represents UK (DTI) on Hydrogen Production Task Force

International Centre for Hydrogen Energy Technology (ICHET)
Recently established, funded by Turkey ($40m) and run by UNIDO

Strengthen global scientific and technological cooperation and
transfer



Biological hydrogen research

Sustainable Biohydrogen Production: Process
Optimisation

UK Sustainable H, Energy Consortium:Year Round
Fermentative Hydrogen from Crops (SUPERGEN)

Sustainable H, Production from Wheat Starch Co-
products | & Il

Hydrogen from Sewage Sludge.

Hydrogen Production from Multiple Biomass
Feedstocks

Biological Fuel Cells (SUPERGEN Consortium)

A whole-system approach to analysing bioenergy
demand and supply

Funding bodies: EU FP6,
EPSRC,Carbon Trust, ERDF,
National Assembly for Wales &
various industries



Other hydrogen research

A Sustainable Energy Supply for Wales: Towards the
Hydrogen Economy

Economics of Hydrogen from Food Co-products

Development, Deployment and Assessment of
Transport Infrastructures and Fleets based on
Hythane® and Hydrogen

Hydrogen Injection to Diesel Engines
Reduction, Modification and Valorisation of Sludges

HyPERG - Hydrogen Production and Energy Recovery
via Gasification

Funding bodies: EU FP6, NERC, KEF, EPSRC,
Carbon Trust, Grantscape, various industries



Security of Supply World Energy Demand is anticipated
to grow significantly

Especially in rapidly developing
countries like China and India

Oil & Gas

Oil Reserves will decrease Source: Canadian National Energy Board
Significantly increasing price
pressure



Increasing Cost

Oil Prices Continue to Rise






The hydrogen energy answer

Clean & Flexible Fuel
Combustion engines, turbines - pure or mixed

Fuel cells micro, transport or stationary Enhancing Renewables

- Overcoming
intermittency &
increasing profitability

Abundant Supply

- Numerous production
routes

- Energy security
Pollution Reduction

- Local and global
emissions reduction

Source: Prof Veziroglu, University of Miami Clean Energy Research Institute



Renewable production routes (not considering
nuclear or CO, sequestration)

mm) H,+0,

Biophotolysis - (algae) H, + O,

syngas - reforming - H,

H, + CO, (neutral)

$8 444

H, + CO, (neutral)




Estimated H, production costs $/GJ

50

Projected H , Production cost

40 -
30
20
10

[$/GJ H2]

CO, capture & storage 1-2 $/GJ

Source IEA 2004




Wet biomass - bacterial fermentation

* Photo-fermentation - photo bioreactors in
research stage

e Dark fermentation - reactors similar to
anaerobic digestion - process at research
stage but reactors commercially available



Dark fermentative hydrogen production

Other trace gases produced



Hydrogen from biomass crops (or wastes)

© IGER




Dark fermentative hydrogen production

Property of many species of bacteria, e.g.
Clostridia

Uses carbohydrates: glucose, sucrose, starch,
cellulose, hemi-celluloses - clostridia are versatile

Involves the enzyme hydrogenase
H, yield depends on fermentation products



Fermentative H, yield (theoretical)

hexose ® CH;COOH (acetate) + 4 H, G°=-182.4kJ
(that is 4 mol H,/mol hexose or 0.5 m3 H, / kg carbohydrate)

hexose ® CH,CH,CH,COOH (butyrate) + 2 H, G°=-257.1kJ
(that is 0.25 m? H,, / kg carbohydrate)

But H, production is thermodynamically unfavourable
as H, concentration rises!



Bio-hydrogen production in a two stage
anaerobic system

Compression for
Compression for transport fuel
transport fuel " Process Use

CH,+CO,

Fermentation
End Products

Biomass Compost
feedstock i

Hydrogen
Reactor

(I V




*\Wheat flour co-
product

eSugar beet
*Grass

*Sewage biosolids

>50% H, with CO,
Needs gas
purification system




Optimisation Challenges for Fermentative
Hydrogen Production

~eedstock selection

noculum Selection and Start-up
Prevention of Product Inhibition
Metabolic Shift

Population Shift

Development of Sustainable Process
Technology

o 0k W=



Overview of SUPERGEN UK-SHEC
research, partners & plans

www.uk-shec.org

 Hydrogen Storage

— Carbon: aim to produce carbonaceous materials
in which the H/C ratio is increased, either at
ambient or cryogenic temperatures.

— Light Metal Hydrides: aimed at enhancing the
kinetics of hydrogen sorption / desorption in light
metal hydrides

— Search for New Storage Materials




Exploitation Routes in Wales:
Wheatfeed Bio-hydrogen Project

Pilot scale development of successful lab scale research

Utilising wheat industry co-product with massive potential

Planned Activities:

*Design & construct reactor for continuous biological
hydrogen and methane production from wheatfeed

*Full experimental programme

*Assess yield and energy balance under full operating
conditions

*Full economic analysis

Funding in place & project starting




An example - flour co-products

550 million tonnes wheat produced worldwide
per year,

450 million tonnes are used by the flour industry.

White flour and wheatfeed arise from milling in a
ratio of 3:1 by weight.

Approximately 96 million tonnes wheatfeed
arises per year worldwide.



Flour co-products - wheatfeed

e Total UK production is approximately 18,000
tonnes/week

 Wheatfeed (bran) 6,000 tonnes/week : currently
pelletised for animal feed

* One local plant produces about 600
tonnes/week

* Can be turned into H, and CH,



Flour co-products - wheatfeed

Local plant - over 24,115 tonnes p.a.

One company’s production - 309,000
tonnes p.a.

Total UK production - 1 million tonnes p.a.
—£277 million p.a diesel equivalent

Global production - 96 million tonnes p.a.
— Significant cash incentive



Exploitation Routes in Wales:
Carmarthenshire hydrogen energy farm

Production of hydrogen or H, rich biofuels in a rural /
agricultural scenario

Assessing and eventually producing renewable H, by:
« Small scale gasification of woody biomass

* Fermentation of “wet” biomass e.g. grass

» Electrolysis using renewable electricity

* Reforming methane from anaerobic digestion
Exemplar for agriculture / biomass industry

Public facing

Interreg IlIA funding with Waterford secured



Hydrogen production from Sewage Biosolids

This approach uses:

iInoculum from natural sources

non-sterile operation and mixed microflora
batch start-up, then continuous operation
temperature ~30°C, operational conditions
selecting for H, production (especially retention
time, pH)

a second anaerobic digestion stage

1 million tonnes pa in the UK



FP6 PROJECT
Reduction, Modification and Valorisation of Sludge ‘REMOVALS’,

*Developing strategies for the disposal
and reuse of waste sludge

«SERC will investigates biohydrogen
production from sewage sludge

3 year project (",Sfﬂh Framework Programme

Involves 16 partners across Europe



Other research by the
Hydrogen Research Unit

Investigating the socio,
economic and technical

Implications of moving to
the H, economy in Wales

www.h2wales.org.uk

ISBN - 1-84054-116-4



The next stage: hydrogen energy demonstration
projects

Sustainable hydrogen energy R D & D projects
Concentrating on local factors:
— Resources, skills and application needs
Collaborative approach
— Academic, government, industry and community
— Based on strategy, finance & enthusiasm
In support of policy
— Local, national and international
Raising awareness, acceptance and demand

Platform for technical and economic development



Proposed renewable hydrogen projects

Carmarthenshire H, Energy Farm

® ®
® ®
Llanelli Millenium ?
Coastal H, Centre
Llandarcy Urban Village \
Baglan Renewable Hydrogen Centre

University of Glamorgan
Hydrogen Research Centre

o TN

Cardiff Bay H, Ferry

Barry Wheatfeed BioHydrogen Plant

Baglan H, & Hythane Demonstration




South Wales hydrogen infrastructure

Coincident with main transport route

Unique in UK

Potential to develop an early “hydrogen community” with
European Growth Agenda support

Existing hydrogen production

facilities

Proposed Baglan renewable

hydrogen facility

Other proposed clean hydrogen projects



Proposed demonstration projects in Wales:
Renewable hydrogen demonstration, Baglan Energy Park

Existing Solar Centre
13kW PV array

Fuel cell and combustion
engine hydrogen hybrid

vehicles
— >
New Hydrogen Centre Hydrogen production
PV array Electrolysis
Research & Demonstration Compression —>

Storage and Dispensing

Fuel cell for building

Remote Wind Farm heat and power

via real time data-link
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Hydrogen Research Unit
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