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Tackling GLOBAL WARMING is urgent
and FOSSI L FUEL pri c

Global Carbon Emissions flom Fossil Fuel Burning,
1751-20085

Pictures courtesy of BBC website

Figare |, CO2 concentration changes m Hawadi and the South Pole

C 70 Billion metric tons (min.) of CO, emitted to the atmosphere PA globally!!!!

¢ 300 Billion tons of coal & 130 Billion barrels of oil burned each year!

1 barrel: 0.317mt of CO, (min.) UNIVERSITYOF
BIRMINGHAM



C d'he UK Government is currently committed to
reduci ng carbon emi ssi o

C6The UK Government i s
substantial increase in renewable energy over
the next decade as a major part of its
programme to reduce carbon emissions.
Currently 1.8% of energy used in the UK comes

from renewable sources - the UK Government aims to
Increase this to 15% by 2020 in line with EC proposals (the
expected UK target implies a dash from 1.8% renewable energy now
to a near-tenfold increase in 12 years)'
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GLOBAL ISSUES

A CO, & Global Warming
A Improved fuel efficiency and non carbon fuels favoured

A Oil production to peak in 2010-2020 (?)

A Most oil produced from a fewer giant fields - production from
these fields will peak around 2015

C 2007 Oil Reserves stand at 1237.9 billion barrels BP estimate
C This will encourage alternative fuels -

R T

A Popul ation growth €.
A Longer life expectancy C rise in world populatlon from
6.3 Billion to 9.1 Billion over next 50 years is inevitable!
C Improved pollution standards required just to keep up!
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Fossil Fuel is Peaking!

A1 bn vehicles now

A5 bn vehicles in 2050 (due to growing

population)

A 2bn tpa of fuel; hitting peak!

A Great need to diversify!!!

Around a 1/3 of CO, emission originates UNIVERSITYOF
from transport in the UK BIRMINGHAM



Emissions Cause Death!

A Approx 8,500 people die in UK as a result of
particulate emissions from vehicles

A Every 10 ng/m?3 particulates C 1% increase
mortality (all cause)

[Ref - COMEAP Prof Jon Ayres]
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Challenges for the Energy Sector

A Climate change & security of supply issues must be addressed
quickly!

A In the UK, indigenous primary energy resources (fossil fuels e.g.
Oil/Natural Gas/Coal providing majority of UK energy) are
diminishing at the same time as affordable, available and low carbon
energy is required (nuclear & renewable energy i
wind/hydroelectric/biomass)

A The UK is currently reliant upon 3 main energy vectors (carriers) =
Petroleum Products/NG/Electricity

y
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Energy Demand by Sector

Energy Vectors
(Source: BERR DUKES report)

(Source: BERR DUKES report)



Hydrogen and Fuel Cell
Technologies: for a low carbon
futureé

é .one possible solution!
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HYDROGEN

as an Energy Vector!

produced with NO net CO, emissions




olt 1 s predicted Dby
Fuel Cells technologies will have an
|l mportant | mpact
a multi -billion pound (ca.£10B in 2015
gl obally) mar k

UK government, 2005

TOMORROWOS ENERGY wi | |
CELLS using HYDROGEN to generate
ELECTRICITY!

NewScientist, 2007
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Capital

Proposal submitted to AWM in
2005; initial decision on funding

in May 2006 (final June 2007)

AWMA Fu el
Technology Supply
Chai n£6.5M
Started June 2007

/ Outputs:

A0 business assists

A0 collaborations between
SMEs and knowledge base
Arraining support for 30
individuals, including SME
installers and students

Deliverables:
ARefurbished space and
laboratory with state of the art
equipment for testing fuel cells
Acinal report

Project completion in 36 mths
\Qﬂcomes followed up to 5 yrs/

DBIS-Hy dr ogen

Copyright - Dr W. Bujalski & Dr Bruno G Pollet

Revenue

Proposal submitted to EPSRC
in August 2006; decision on

funding in March 2007

EPSRCA SCRATCH

Supply Chain Research
Applied to Clean
Hydrogen - £1.5M
Started May 2007

proceedings, dissemination
@nal report

/6 Scientists and 1 technician to
carry out delivering on FCTSC

Tasks:
ABio-mass hydrogen production
Adydrogen storage and
infrastructure
Adydrogen, fuel cells and CHP
AEconomic barriers to hydrogen
supply chain (IERP)

Deliverables:
AScientific papers, conference

Capital

Proposal submitted to AWM in
August 2006; decision on

funding in December 2006

AWM Science City UB -
Warwick Universities
AHydrogen E

£6.8M

Started December 2006

/ Manpower: \

_/

Fuel Cell
Started April 2008

Proposal submitted to

Centre in
1l Hy
€er9YRei r
£5.5M

A

drogen,

Revenue

EPSRC

in October 2008; decision on
funding in December 2008

EPSRC Doctoral Training

Starting April 2009

/ Outputs:

Ancrease profile of region and
universities in H, Energy
Aob creation i 11

Aob safeguarded i 16
Musiness support i 15
Musiness engaged with the
knowledge base i 15

ASkills i people assisted to
improve skills i 30

Delivery over 5 years period
i.e. by December 2011
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Hydrogen Cycle

Production AApphcanons

Economics
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Facts

AEnergy in 1 gallon of Petrol & 1 kg of Hydrogen

AEfficiencies: Petrol ICEs = 18-20%; Hydrogen ICEs = 25%; Hydrogen
Fuel Cell Vehicles = 60%

C3 X better than todayods pe

AAmount of energy produced by hydrogen per unit weight of fuel is
about 3 X the amount of energy contained in an equal weight of petrol &
almost 7 X that of coal! Energy Content: 60,958 Btu/lb T highest energy
content of all fuels on a weight basis

AHydrogen energy density per volume is quite low at STP

AVolumetric energy density can be increased by storing the hydrogen
under increased pressure or storing it at extremely low temperatures as

a liquid UNIVERSITYOF
BIRMINGHAM



Uses Today and Future

Aoday: chemical processing, petroleum industry, fats and oils,
metals, electronics, space flight, utilities, glass manufacturing, etce
AFuture: stationary power, portable power, and transportation

Production i 50 million tons produced worldwide!

AToday: mainly through reformation of fossil fuels (100,000 tons of
Hydrogen produced in the UK from NG)

Alndustrial by-product

AFuture: from Renewables as well as fossil fuels with carbon

sequestration

Origin %
Recent worldwide hydrogen Natural gas 48
Oil 30
production totals
~o8 18 UNIVERSITYOE

Electrolysis 4 BIRMINGHAM



A42 million tons of hydrogen per year consumed

A60 % of this becomes feedstock for ammonia
production and subsequent use in fertilizer

APetroleum refining consumes another 23 % to remove
sulfur

AAnother 9 % is used to manufacture methanol

MRemainder goes for chemical, metallurgical & space
purposes
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Fuel Cell activities: What we do

Fuel Cell
Type

Proton Exchange
Membrane
(PEM)

Alkaline
(AFC)

Direct Methanol
(DMFC)

Phosphoric Acid
(PAFC)

Molten Carbonate
(MCFC)

Solid Oxide
(SOFC)

Electrolyte

solid polymer
membrane

potassium
hydroxide

solid polymer
membrane

Phosphorous

Alkali-
Carbonates

Ceramic Oxide

Anode Gas

hydrogen

hydrogen

methanol solution
in water

hydrogen

hydrogen,
methane

hydrogen,
methane

Cathode Gas Temp. Eff.
atrrl?cL)I;e r?(;ric 5C Sl
P (180°F) 60%
oxygen
pure below 507
oxygen 80°C 70%
atmospheric 75°C 3517
oxygen (180°F) 40%
atmospheric 210°C 3517
oxygen (400°F) 50%
atmospheric 650°C 4017
oxygen (1200°F) 55%
70071
atmospheric 1000°C 4517
oxygen (13001 60%
1800°F)
UNIVERSITYOF
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Anode Gas Proton Exchange
Diffusion Layer Membrane

Hydrogen
=

Anode Catalyst
Layer

Cathode Gas
Diffusion Layer

Anode Flow Field Piate
- Supplies Fuel

Cathode Catalyst
Layer

MEA

Cathode Flow Field
Plate - Supplies Alr

Cathode Electrode




Working Prototypes

Ballard 1.2kW Nexa stack

Source: Fuel Cells Today
1kW Capacity S5kW Capacity

Source: Fuel Cells Today
Source: Fuel Cells Today

40W DMFC
8hr lifetime @ 20W

Smart FC Power w
K~y

MTI MicroFuelCells Casio notebook

Mobile phone recharger DMFC power source
Courtesy: JMFC Ltd




Novel low-cost, high-performance & durable ‘engineered’ materials
(PEM,GDL,FFP & EC) for low-temperature and high-temperature
PEMFC in line with the US Department of Energy (DoE) technical

targets

Pol | REEMd-gel Cell
Research group

Developing novel
low cost fabrication
methods &
processes for
PEMFC electrodes
& MEAs

New test methods
(ex-situ & in-situ
diagnostic)
development for
determining
physical properties,
performance &
durability of PEMFC

Improving
electrocatalysts &
noble base metal

alloys, catalyst
utilisation and
electrode design

Developing &
testing non-
precious metal &
metal free
electrocatalysts in
views of reducing
cost while
improving on
performance and
durability

C PEMFC stack

* Graphite composite

* Conducting polymers

* Functionalized Multi-walled
carbon nanotubes (MWCNTS)

* Ex-situ & In-situ
characterisation

* FF design modelling

“LT &HT
«PBI

*Sulphonated [SPPEK, SPPES,
SPPESK, SPP etc)

* Reinforcement materials
*Ex-situ & In-situ characterisation

Stack development & testing in ‘real’ operating conditions

MEA

Fabrication+Testing

* Precious binary & ternary alloy
* Non-precious ternary alloy

* Metal-free electrocatalysts
*Ex-situ & In-situ characterisation
* EC modelling

* Woven & non-woven
* Functionalized Multi-walled

*Ex-situ & In-situ characterisation

development

electrocatalysts (EC)

C System
Integration C
Demonstrators

| \
/1l \
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carbon nanotubes (MWCNTS)



EVs have been around for more than 150yrs!

1830s 1T A Scottish - Robert Anderson
‘Invented the first crude electric carriage
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Woods Electric - Range = 18 miles; Speed = 14 mph
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Panhard Ice, 1895

Detroit Electric, 1912



LaJamaisContente (06The Neve
Camille Jenatzy, 1899 - 50 kW

The land speed record was established in April
29 - Paris, reaching 105.88 km/h (65.79 mph)
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