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FUEL CELL POWER
generating electricity, heat and hydrogen
cleanly, quietly and efficiently

HEADLINE NEWS
As the world’s motor industries introduce measures to reduce transport’s
dependence on oil and to meet the
legislation to cut CO2 emissions, a
timely meeting in
Birmingham, UK,
considered the role of hydrogen fuel
cells in a low carbon transport system.
At the conference entitled ‘Smart Hydrogen and Fuel Cell Power’ different
options were proposed to commercialise hydrogen fuel cells for transport.
Europe’s largest
hydrogen fuelling
station is
seen here in operation
in Germany.
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HYDROGEN FUEL CELLS IN A DIVERSE
TRANSPORT SYSTEM
As the world’s motor industries introduce measures to reduce transport’s
dependence on oil and to meet the legislation to cut CO2 emissions, a timely
meeting in Birmingham, UK, considered the role of hydrogen fuel cells in a low
carbon transport system. At the conference entitled ‘Smart Hydrogen and Fuel
Cell Power’ different options were proposed to commercialise hydrogen fuel
cells for transport.

TIMESCALE FOR INTRODUCING
FUEL CELL VEHICLES
Nick Rolf of BOC set the scene when he explained that the evolution of the internal
combustion engine (I.C.E.) car took time and
hydrogen fuel cells also need a gestation period, time to develop performance and reliability, build up the supporting industry and
drive down the cost of the hydrogen infrastructure. The Government is right to start with
battery electric vehicles and we support their
initiative, he said.
Timing is the key to solutions for en masse deployment. We have to share and disseminate
information, as well as procedures for regulations, codes and standards. Honda, with BOC
and the City of Swindon. has installed the first
publicly accessible hydrogen refuelling station in the UK, It has a 200kgs/day compressor throughput and is compliant with the Society of Automotive Engineers’ SAE J2601C
standard. We should start with fleet operators of vans and buses. Light goods hydrogen powered I.C.E. vehicles, will be a good
stepping stone. The focus should not only be
on cars, buses and vans but also on forklift
trucks for materials handling.
Miniaturisation of the hydrogen infrastructure
is essential. The present hydrogen refueller
system measures 20ft x 40 ft. We should also
consider reducing the purity of hydrogen. At
present the regulations are too cautious and
this adds to the cost.

The price of the infrastructure is unrealistic as
it comprises a disproportionate part of the
operational costs, but the new industry and
Government programme, UK H2Mobility, will
help to resolve this. BOC cannot learn more
from building demonstration public hydrogen
fuelling stations but will provide them when
there is a quantifiable number of vehicles to
use them.
During discussions, a delegate asked if it was
preferable to transport hydrogen in containers or if electrolysis should be used to generate hydrogen on site. Mr Rolf replied that
there was no definitive answer. It depended
upon economies of scale and, when renewable energy is used, the distance of the hydrogen production from the renewable
source. It was pointed out that Honda uses
trailers to deliver hydrogen and also uses on
site solar energy. There was much support for
the joint hydrogen infrastructure plan, UKH2Mobility, initiated by the manufacturers
and the Government.

LIFE WITHOUT OIL!
John Jostins, Managing Director of Microcab
Industries Ltd, has been engaged in hydrogen fuel cell vehicle development for the
past ten years. Conventional vehicles are
too heavy and are packaged around the i.c.
engine he said. Microcab’s fuel cell powered
Royal Mail van has been operational for the
past four years. Their system is scalable for
production in 2,000 units per annum and is
also used to power the H2EV 4 seat car.
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VIEWS FROM THE AUTOMOTIVE
INDUSTRY
Thomas Brachmann of Honda Research and
Development referred to the different types
of electric vehicle which will be the main replacements for the internal combustion engine (ICE) vehicle in order to reduce dependence upon oil and cut greenhouse gas
emissions. First will be the hybrid electric
(HEV) and the Plug-in Hybrid (PHEV), leading
to the battery electric vehicle (BEV) and
Honda’s fuel cell powered FCX Clarity.

Microcab’s vehicle is based on a Lotus
bonded aluminium chassis weighing 65 kgs.
The 350 bar hydrogen store holds 1.8 kgs of
hydrogen. The hybrid design incorporates a
4kWh lithium battery, 3kW fuel cell and twin
DC motors each rated at 13kW. Top speed is
55mph and the range is approximately 100
miles. Their eight latest H2EV vehicles are
road legal, complying with EU hydrogen
regulations. They could also be used as plugin hybrid electric vehicles (PHEV). Currently
Microcab is integrating a new PEM fuel cell
supplied by Horizon/Arcola Energy.

Honda’s FCX has twice the fuel economy of
a gasoline engine car. The petrol powered
(ICE) car uses 7.5 litres per 100 kms, the HEV
4.6 litres per 100 kms and Honda’s FCX 3.2
litres per 100 kms petroleum equivalent. At
present batteries offer 150 kms range but
they are heavy. Fuel cells enable a performance of up to 160 kph. A 100kW fuel cell
weighs 67 kgs and gives 460 kms range with
350 bar hydrogen storage. The weight of
their fuel cell vehicle is 1.6 tonnes, similar to
that of the Honda Accord. Early commercialisation is planned for 2015, with full commercialisation in 2025.
Honda’s new solar hydrogen station is more
efficient than a mechanical compressor. It
produces 1.5 kgs hydrogen per day from
sunlight in the Saitama Prefecture. Mr
Brachmann referred to the comprehensive
study entitled A Portfolio of Power-trains for
Europe which examines the power trains which
will meet the needs of both consumers and
the environment.

At present, the use of hydrogen is connected
with the storage of renewable energy, but in
time it could replace oil for transport. Global
oil use is now 30 billion barrels per year, but
there will be changes in our transport system
as oil supplies decline. The new mobility will
include non-motorised transport, with bikes
for rent, more walking and the renaissance of
city centres. Fuel cell and battery electric
vehicles will be ideal for use in future car
clubs with an alternative ownership model.
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Torquil Ross -Martin of Tata Motors European
Technical Centre explained that Tata is engaged in steel production, power, and the
automotive sector - they are owners of Jaguar Land Rover. There must be a 95% cut in
greenhouse gas emissions from road transport if atmospheric C02 is to be stabilised below 450 parts per million (ppm) by 2050. The
I.C.E. power train is unlikely to meet the target of 95g/km by 2020 and a new car emitting only 60gC02/km is needed by 2030. A
much greater pace of carbon reduction is
required. There is investment in battery electric vehicles but the uptake is low. It would
be much more effective to replace the highest mileage 25% of new I.C.E. vehicle sales
with low emission vehicles rather than the
lowest mileage 25%. This is because larger
cars use more fuel and are driven for longer
distances. The cars would require more than
250 miles range and refuelling in two minutes.
The main problems would be the high cost of
the fuel cells and the storage of hydrogen at
high pressure. 500 to 1,000 hydrogen fuelling
stations would be needed at a projected
cost of £0.5 billion. The McKinsey report envisages that biofuels will comprise 24% of transport fuels by 2050, but there are strong concerns about this using land required for food
production.

EU INVESTMENT IN HYDROGEN
FUEL CELL VEHICLES
Bert De Colvenaer, Executive Director of the
EU’s Fuel Cells and Hydrogen Joint Undertaking (FCH JU) said that fuel cells and hydrogen
are one of the enabling technologies within
the EU’s Strategic Energy Technologies Plan
(SET). The FCH JU has funding totalling almost
a billion euros for research, development and
demonstration during the period 2008-2013.
The total cost of all power trains for medium
to large ICE, BEV, PHEV and FCEV cars is projected to converge after 2025. About €3bn
investment in production, distribution and
retail will be required to build up a market for
1 million vehicles.

The McKinsey Report entitled A Portfolio of
Power Trains for Europe outlines the infrastructure required for volumes of vehicles.
The
Clean Hydrogen In European Cities programme (CHIC) supports the demonstration
of 25 fuel cell buses in five cities. There is also
a bus coalition study which will give results at
the end of July.

FUEL CELL CAR COMMERCIALISATION
Nicolas Sergent said that Riversimple has developed highly efficient hydrogen vehicles
with a business model to make them commercial. Honda has a brilliant car and the
electrovan hydrogen prototype was developed in 1966 but the barriers are cost and
the availability of the hydrogen infrastructure.
The McKinsey Report says that hydrogen fuel
cell cars and the hydrogen infrastructure
could become affordable by 2020, with the
cost of fuel cell systems decreasing by 90%.
Riversimple’s seven point strategy to introduce hydrogen fuel cell cars is:
 Sale of service, not the cars which brings in
more income throughout the vehicle life
 Local car, local refuelling with radius of
about 25 miles. Pilots in Leicester and Ludlow
 Simple, reliable, fuel efficient
 6 kW fuel cell with ultracapacitors providing
peak power on demand
 Lightweight 34 kgs chassis
 It can use cheaper brown hydrogen emitting only 31gCO2/km well to wheel
 300 mpg, 240 mile range, 370 kgs vehicle
weight
In reply to a question about safety and certification, Nicolas Sergent said that this is a
demonstration model and the final design is
being made by a former Director of FIAT.
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Costs are projected at £200 per month plus
15p per mile including fuel. They can afford
more expensive hydrogen up to £20/ kg.
They have a cylindrical tank which can be
increased in size if necessary rather than
adding batteries. It is 350 bar because 700
bar costs energy. It is a two seater car limited
to 50 mph at this stage, but they will move to
an inter-city car later.

They work with several UK universities, specialist production is in Singapore and volume
production in China.

TECHNOLOGICAL
PROGRESS
DRIVING DOWN COSTS
Dr Ben Todd of Arcola Energy Ltd explained
that they are the UK agents for Horizon,
whose PEM fuel cells work in applications
from 1 watt up to 10 kilowatts. The 150W Hymera supplied by BOC is used for lighting.
Larger Horizon fuel cells are used for transport
by Riversimple and MicroCab. They incorporate Johnson Matthey’s fuel cell membranes.
Horizon is the largest volume seller of micro
fuel cells, with 500 people employed in networked R & D teams. Arcola has over 70 patents in hydrogen production and storage
and PEM fuel cells.

Dr Todd said that there is massive demand
for their products. The main problem is the
initial capital cost - it would be OK if people
took into account whole life costs.
However they are making technological progress and continuous cost reductions, so that
their fuel cells will become increasingly
affordable in the next year or two.

A PORTFOLIO OF POWER-TRAINS FOR EUROPE
Over the next 40 years, no single power-train will satisfy all key criteria for economics, performance
and the environment. The world is therefore likely to move from a single power-train (ICE) to a portfolio of power-trains including Battery Electric Vehicles (BEV), Plug-In Hybrid Vehicles (PHEV) and Fuel
Cell Vehicles (FCEV). The total cost of ownership of the four power trains is expected to converge
around 2025. This study represents the most accurate to date as conclusions are based not on informed speculation but on confidential proprietary data, provided by key industry players. The
study shows that FCEVs are technologically ready and can be produced at much lower cost for an
early commercial market over the next five years. The cost of fuel cell systems is expected to decrease by 90% and component costs for BEVs by 80% by 2020, due to economies of scale and incremental improvements in technology. The next logical step is therefore to develop a comprehensive
and co-ordinated EU market launch plan study for the deployment of FCEVs and hydrogen infrastructure in Europe.
The window of opportunity is short. If FCEVs are to achieve economies of scale within the timeframe
necessary to meet EU CO2 reduction goals, action must be taken as a matter of urgency. There is
also a danger that Europe will lose its technological leadership as other international markets gain
ground. The European Commission has confirmed that the global trend towards sustainable transport shows that the European automotive industry can only remain competitive by leading in green
technologies.
McKinsey & Company, the management consultancy, provided analytical support to the study.
http://www.europeanclimate.org/documents/Power_trains_for_Europe.pdf
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100 LIGHTWEIGHT FUEL
EFFICIENT VEHICLES
Prof Robert SteinbergerWilckens of Birmingham University said that transport accounts
for 33% of EU energy consumption. The use
of oil is increasing and this is a major factor
affecting the economy. Electric vehicles help
to reduce urban air pollution, which is exacerbated by the low efficiency of the i.c. engine, which is only 15% for petrol and 18% for
diesel in the New European Driving Cycle
(NEDC). Emissions from I.C.E cars range from
140gC02/km up to 190g for Compacts and
the aim is to reduce this to 95gC02/km by
2020. A battery electric vehicle powered
from the UK grid uses 20kWh/100kms, while
one powered by wind uses 15kWh/100kms. A
lightweight dedicated vehicle powered by
wind emits only 2gC02/km.
The lithium ion batteries cost £8,000 for 100
kms range and if they are charged too
quickly, they start ageing after about 20 fast
charges. The use of hydrogen gives a range
of up to 400 kms. It is obtained from a variety
of sources and refuelling takes place in minutes. Hybrid systems incorporate hydrogen
fuel cells with batteries or supercapacitors,
which can accept high charge. Batteries
weighing 400 kgs give a range of 100 kms
and speed up to 80kph. A fuel cell range extender enables 200 to 300 miles (400 kms)to
be achieved at comparatively less cost.
A hundred lightweight passenger hydrogen
fuel cell vehicles and ten hydrogen fuelling
stations are planned in the first regional EU
hydrogen infrastructure programme entitled
SWARM. The vehicles will all be two-seaters
with a boot and will cost from £35,000 up to
£80,000 each.
Microcab, Riversimple and
Elano will supply the lightweight fuel efficient
vehicles. 350 or 700 bar hydrogen will be
available at a cost of around £5/100 kms. A
mobile hydrogen fuelling
station will be
moved on a skip producing 20 – 50 kgs per
day at a hydrogen cost of less than 10 euros
per day, which is close to the diesel cost. The
deployment of the hydrogen infrastructure
will start this year in three European regions,

the Midlands, UK, Belgium and NW Germany
and the vehicle demonstration will follow in
2013. In answer to a question, Prof SteinbergerWilckens stated that hydrogen fuel cell
vehicles can now drive on the roads in all
European countries. There had been problems in France but that has been sorted out.

CHINA SPEEDING UP FUEL CELL
COMMERCIALISATION
Dr Shanfeng Du represented Dr Gongquan
Sun of the Chinese Academy of Sciences.
The first fuel cells utilised were the AFC in
space applications and this technology is
now precious metal-free. Since then research
on fuel cells has become one of the hottest
topics in the world!
In China, two hundred vehicles powered by
hydrogen-air fuel cells were demonstrated
between 2006 and 2010. They needed to improve cost and durability. Fuel cell cars at the
Beijing Olympics were powered by 50kW motors with 60kW peak power and voltage
385V.

Nearly two hundred hydrogen fuel cell vehicles, including six buses, were at the 2010
Shanghai World Expo. During the demonstration of the fuel cell buses the longest range
covered was 20,000 kms, with operating temperature satisfactory down to minus 20C. Further development focussed upon membrane
electrode assemblies (MEAs) and bipolar
plates. Pearl Hydrogen Technology Co Ltd
demonstrated twenty fuel cell bikes with
range up to 60 kms.
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Regulations and standards are essential for
the successful commercialisation of fuel cells.
So far, China has 25 national standards applicable to Proton Exchange Membrane (PEM)
fuel cells.
Fuel cell technology and standards have made great progress in China
and their aim is to speed up fuel cell commercialisation.

Energy storage is essential. A small scale solution is ITM’s solar electrolysis unit which is fully
autonomous, highly efficient and couples
directly to intermittent renewable energy inputs. On a larger scale, ITM’s electrolyser
produces hydrogen from £5 to £10 per kg,
depending upon the capital amortisation
period and the electricity cost.

China has a 5 year plan from 2011 to 2015
with 738m RMB (approximately £70m sterling)
for electric vehicle R & D. Fuel cell vehicles
are allocated 21%, hybrid electric vehicles
22% and battery electric vehicles 57%. More
was allocated to battery technology as it is
mature, but this could change as more fuel
cell vehicles come into operation. The performance targets for fuel cell cars are to
achieve 100 kms with 1.2 kg hydrogen and
have a range of 400-500 kms. Prof Kevin
Kendall asked how fuel cells would fit in with
China’s 100 million battery bikes. How would
the hydrogen be supplied? Dr Du explained
that the battery would be replaced by their
small lightweight hydrogen tanks.

To date ITM has had 16 field trials in their Hydrogen on Site (HOST) programme for road
vehicles. There is a lot of appetite amongst
users and frustration that they cannot immediately change to hydrogen.

MEETING
USERS’ REQUIREMENTS FOR HYDROGEN
Dr Simon Bourne outlined the advances in
electrolysis of green hydrogen that ITM Power
is making. When renewable energy is produced there is a mismatch between production and demand and this is a barrier to the
large scale introduction of renewables.

The operating cost with the hydrogen powered I.C.E vehicles when electricity is 6.5p is
cheaper than with diesel and when fuel cells
are used it will be even better. At ITM they
are generating real data in the HOST trials.
System efficiency is 56kWhr/kg. They are
achieving International Organization for Standardisation (ISO) standards and European
Conformity (CE) marking compliance.
In the Eco-Island project on the Isle of Wight,
ITM is working with IBM and Toshiba to evaluate twenty light commercial vehicles in a
smart energy system. Marks & Spencer is engaged in another project, producing hydrogen on site for fork lift trucks. Batteries take 8
hours to recharge, but the fuel cells take only
90 seconds.
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UKH2Mobility brings together Government
departments and the key players in the gas
and automotive industries in the development of a national hydrogen plan.
More
public awareness is needed about oil prices,
energy security and the need to store energy
from intermittent renewables. The sales of
battery electric vehicles are stalling, and hydrogen storage tops the priority list at the Department of Energy and Climate Change
(DECC).
Dr Bourne was asked what he
thought was the best way of solving hydrogen storage problems and he said that we
should ensure competition between compressed gas and hydrides. Compressed gas
is usually lowest cost.

Although there are misconceptions about
hydrogen, it has been well received by the
public. The buses carry out a full working
schedule with good fuel economy. All the
suppliers were happy to bring their products
together and successfully introduce hydrogen buses into the London bus fleet. In reply
to a question David Yorke said that the availability of the new buses was not as high as
that for diesel buses. This was because the
maintenance staff were used to dealing with
the diesel systems but sometimes preferred to
wait for expert advice with the new buses.
Asked for a price comparison, including infrastructure, he said that the fuel cell buses cost
substantially more but this should plummet in
volume production.

HYDROGEN FUEL CELL BUSES
PRESENTATIONS AT TRANSPORT
WELL RECEIVED BY THE PUBLIC
David Yorke of First in London said that five of WORKSHOP
the new generation of hydrogen fuel cell
buses have been in operation since January
2011 and they will be joined by a further
three this summer. They operate on a demanding central London route, the RV1 between Covent Garden and Tower Gateway.
The buses are supplied by Bluways and the
fuel comes from Air Products. They have Ballard fuel cells and the WrightBus Pulsar body.
They are series hybrids in which all the electricity generated by the fuel cell goes into the
batteries to power the motor. They have 350
bar hydrogen storage. The controls are similar to those of the diesel buses so that the 60
drivers at the depot can drive them. They
operate for 18 hours per day with 4 hydrogen
storage tubes.
A workshop has been built for the project
which is manned by the diesel staff. Safety is
paramount because the staff are not accustomed to handling hydrogen at 350 bar.
There is a need to modify regulations for this
and to deal with hydrogen fuel cell vehicles.
There are hydrogen detection alarms on the
buses and in the workshop. In the bus fuelling
bay the dual phase hydrogen refuelling
tanker carries liquid cryogenic hydrogen.

During the transport workshop discussions, Will
McDowall of UCL Energy Institute said that
the petrol hybrid (HEV) would be the least
cost system for de-carbonisation. Hydrogen
would initially be mainly used to power buses,
The use in buses and in niche markets would
be the key to reducing costs.
Ben Madden of Element Energy explained
that hydrogen fuel cell electric vehicles
(FCEVs) have recently met the technical targets required for commercialisation and
many manufacturers are targeting 2015 for
commercial sales of their vehicles. For instance, Toyota declared at the Geneva motor show that they aim to produce tens of
thousands of hydrogen vehicles by 2020. As
with many of the Original Equipment Manufacturers (OEM’s), Toyota appear to be targeting the larger car segments, where battery based vehicles will struggle to compete.
In Denmark the aim is to fully decarbonise
their economy by 2050 and they have introduced measures to ensure that they are an
early FCEV market. FCEVs will be exempt
from the capital purchase tax, which will
make them affordable from 2015. Denmark
started the build up of their hydrogen infrastructure in 2011, with the aim of having nationwide coverage by 2015.
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In Germany, Europe’s largest hydrogen refuelling station is able to dispense up to 750 kg
of hydrogen per day. It refuels buses at 350
bar and cars at 700 bar through separate
dispensers. The hydrogen will be produced
on site through water electrolysis, powered
by renewable electricity. Daimler and Linde
have a joint venture to roll out 20 hydrogen
stations in 2013.
Prof Jack Brouwer of the University of California at Irvine said that Californian regulations
for the transport industry had three main
goals, to combat global climate change,
improve urban air quality and reduce dependence on oil. Greater efficiency is important and there will be more use of biofuels.
Electricity will power BEVs, PHEVs and FCEVs,
alongside developments with mass transit
systems, carpools and shared cars. Research
indicates that BEVs are most efficient, achieving up to the equivalent of 100 miles per gallon gasoline. Next come hydrogen FCEVs
with the equivalent of up to 85 mpg and
then PHEVs achieving up to 77 mpg gasoline
equivalent. However, there are limitations on
the numbers as BEVs do not meet all mobility
criteria and the electricity distribution infrastructure cannot support high local use. The
University has deployed several BEVs, PHEVs
and FCEVs. Their hydrogen fuelling station
dispenses 25 kgs per day and is being

upgraded to over 100 kgs per day. Orange
County Sanitation District’s renewable trigeneration station is the world’s first producing power, heat and hydrogen. FCEVs are
one pathway to reach all their environmental
goals and they meet all the mobility criteria.
The installation of the hydrogen infrastructure
is the greatest hurdle. The use of hydrogen is
increasing dramatically and their Spatially &
Temporarily Resolved Energy and Environment Tool (STREET) assists in the planning of
new infrastructure. They already have 17 hydrogen stations in the region and there will
be roll-outs of 21 more in target areas, as well
as 5 in other cities.

INTRODUCING DIVERSE FLEETS
OF ELECTRIC VEHICLES
Birmingham City Council is supporting battery
electric vehicles through their work with
CABLED and they want hydrogen fuel cells
for longer distance vehicles. They are conserving oil now and preparing for the time
when people will not be able to afford it.
They are members of the Covenant of Mayors, which is aiming for a 32% cut in C02 by
2020 and the City itself is aiming for a 60% cut
in C02 emissions by 2026. In the meantime,
The UK’s first public fuelling station for hydrogen, the fuel of the future, has opened in
Swindon.

www.climate-change-solutions.co.uk
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ITM FORGES AHEAD WITH NEW PROJECTS
ITM CO-OPERATES WITH LOGAN
ENERGY IN SCOTLAND
ITM Power has announced that it has signed
a Cooperation Agreement with Logan Energy Limited to jointly tender for hydrogen
energy storage and clean fuel projects in
Scotland. Logan Energy will undertake all
project management and after sales support
for any plant installed under the agreement.
Scotland is a key location for renewable energy, having some of the best wind resources
in the world. The deployment of energy storage is now seen as key to the effective utilisation of renewable energy plant and will be
a critical component of the future energy
grid. ITM Power’s electrolysis plant will be a
vital component in linking electricity generated from renewable energy sources to the
gas grid and the transport fuel infrastructure,
and Logan Energy’s experience in delivering
integrated systems will be invaluable to the
relationship.
ITM Power CEO, Dr. Graham Cooley, commented; “We are very excited about working
with Logan Energy, a leading integration
company in one of the best resourced renewable energy locations in the world. John
Lidderdale, MD of Logan Energy, added;
“We are looking forward to working with ITM
Power in Scotland. The necessity for energy
storage technology in the renewable energy
system means that there will be many opportunities for us to work together immediately
and into the future.”
www.logan-energy.com

The trial forms part of the M&S Plan A initiative, and aims to deliver zero emission vehicles with superior performance and a two
minute refuel time.
Plan A is Marks &
Spencer’s eco and ethical programme
which aims to make M&S the world’s most
sustainable major retailer by 2015.
The
global materials handling market, valued at
$20billion, is seen as a key early adoption
market for hydrogen with fuel cells already
being able to offer superior performance to
battery powered systems. Darrell Stein, Director of IT and Logistics for M&S said: “We are
excited to be trialling this solution with a company like ITM Power, and with a technology
which has the potential to drive significant
carbon reductions from our warehouse operations”.

IMPROVING PRODUCTION TECHNIQUES AND LOWERING COSTS
ITM Power has received a total of £300k of new
grant funding from the UK Technology Strategy
Board for three £100k projects: Advanced
Membrane Production, Catalyst Improvements
and Power Supply. These projects will result in
improved production techniques and lower
cost systems. Richard Kemp-Harper of the
Technology Strategy Board added “A good
deal of the innovation that happens in the UK
comes from small and medium-sized businesses, and with innovation comes business
growth. The Technology Strategy Board’s role is
to stimulate business-led innovation, so we are
delighted to offer support to ITM.”

VISIT BY PRESIDENT OF
PILOT AGREEMENT WITH MARKS BOEING UK
& SPENCER PLC
Following the signing of its development and
ITM Power has signed a pilot agreement with
M&S to deliver the UK’s first hydrogen fuel cell
materials handling trial with on site hydrogen
generation. Using the ITM Power HFuel platform to generate hydrogen, the six week trial
involves M&S using several fuel cell vehicles
as a direct substitute for part of the existing
b a t t e r y
p o w e r e d
f l e e t .

leasing agreement with Boeing Research &
Technology Europe (“BR&TE”), Sir Roger Bone,
President of Boeing UK, visited the ITM Head
Office in Sheffield. The visit gave ITM Power
the opportunity to showcase the company’s
developments and technology to one of the
world’s largest defence, space and security
businesses and the world’s largest and most
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versatile manufacturer of aircraft. ITM Power
is developing a refueling module for the Boeing Unmanned Aircraft System (UAS) programme at the BR&TE based in Madrid. The
module will be an autonomous, off-grid, high
pressure hydrogen generator with gas storage and dispensing capabilities matched to
the requirements of the aircraft.

Sir Roger Bone (left) commented: “The UK is
very important for Boeing as a source of suppliers and innovative technology partners,
Sheffield is already a key piece of the Boeing
supply chain through our relationship with the
University here. ITM Power is now also a part
of that supply chain and I am very impressed
with the team of engineers and scientists that
I have met today and the technology on display.” Dr. Graham Cooley, commented: “It
has been a pleasure to host Sir Roger today
and a great opportunity to further develop
our relationship with Boeing. We see the hydrogen-fuelled, unmanned aircraft market as
a major growth area for both military and
civilian uses. We have products available today for this market and our world beating
fuel cell membrane could take this technology to another level of performance.”

CE CERTIFICATION FOR
HBOX SOLAR
ITM has announced the achievement of full
CE certification for its HBox Solar electrolyser.
CE conformance certifies that a product has
met EU consumer safety, health and environmental requirements. HBox Solar is aimed at
the more technically challenging application
of off-grid hydrogen generation by direct
connection to a solar PV panel. The diurnal
and annual hydrogen yield is maximised by
automated thermal control - this ensures
both efficient operation after an extended
period of darkness or cloudiness, and effective cooling during periods of hot weather.
HBox Solar offers a means for transforming
the problematic variable DC output of a renewable power source to a simple store of
fuel in the form of hydrogen. It thereby generates truly 'green' hydrogen and is an enabler for distributed energy systems based on
seasonal hydrogen storage.
HBox Solar represents the first step towards
the development of a substantial off-grid industry of hydrogen generation, which is in
addition to conventional electrolysis via the
electricity grid. Target applications include
telecom base transceiver stations, zero carbon homes, back- up power for farms, and
fuel supply in remote areas. HBox Solar is a
unique passive hydrogen generation system
which utilises a novel electrolyser stack design. It maximises efficiency by instantaneously following the characteristic maximum
power point locus of a solar cell. The product
offers fully autonomous electrolysis at an average conversion efficiency of over 80%. It
operates from dawn to dusk, generating hydrogen in tandem with the variation in solar
irradiance. Importantly, the low power consumption of the unique HBox balance of
plant enables effective operation during low
light conditions allowing electrolysis to occur
for longer during any given day, maximising
hydrogen yield.
Dr. Graham Cooley commented: “HBox Solar carries several unique
design features. It offers autonomous hydrogen generation directly from solar power in
off-grid situations and represents the latest
addition to the Company’s expanding product portfolio.
www.itm-power.com
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ON-SITE HYDROGEN PRODUCTION FROM
STATIONARY FUEL CELLS
FuelCell Energy has signed a memorandum
of understanding with Air Products to work
toward the market development of stationary Direct FuelCell® (DFC®) power plants
that simultaneously produce hydrogen, ultraclean electricity and usable high quality
heat. Target markets for these tri-generation
stationary fuel cell power plants include industrial hydrogen users as well as vehicle fuelling applications.
"On-site or distributed co-production of hydrogen in a cost effective and efficient manner from stationary fuel cell power plants
represents tremendous market potential,"
said Ed Kiczek, global director —Hydrogen
Energy Systems at Air Products. "Hydrogen is
an alternative fuel that can simultaneously
reduce a country's dependence on imported oil and significantly reduce greenhouse gas emissions." The initiative seeks to
develop a market for tri-generation mega-

watt-class power plants around the world.
Industrial users of hydrogen can utilize all
three of the DFC revenue streams including
hydrogen, electricity and heat. On-site or local production of hydrogen and electricity
eliminates the delivery costs incurred by industrial companies while enhancing security
and reliability of supply.
"By combining our industry-leading fuel cell
technology and expertise with the market
reach, hydrogen processing, and distribution
capabilities of Air Products, together we can
create the hydrogen infrastructure with a solution that is ready today," said Chip Bottone,
President and Chief Executive Officer, FuelCell Energy, Inc. "Our stationary fuel cell
power plants are quite versatile and this initiative represents what we expect to be an
efficient and cost effective manner of providing on-site hydrogen production in an environmentally friendly manner."
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Distributed generation of hydrogen could
help to enable hydrogen infrastructure development by producing hydrogen in locations
convenient for end-uses such as vehicle fueling or industrial use. Fueling operations or
neighboring facilities can utilize the ultraclean electricity and high quality heat produced. Using DFC power plants to generate
hydrogen near the point of use supports domestic jobs while promoting energy independence as DFC plants are designed and
manufactured in the United States and utilize
abundant natural gas as a fuel source.

RENEWABLE HYDROGEN FROM
WASTE WATER
FuelCell Energy and Air Products are already
working together on a three year hydrogen
production project in California, which began in 2011. Under subcontract to Air Products, FuelCell Energy is operating a DFC
power plant at an Orange County Sanitation
District wastewater treatment facility near Los
Angeles. The project, funded in part by the
United States Department of Energy, California Air Resources Board, South Coast Air
Quality Management District, Southern California Gas Company, and also involving the
National Fuel Cell Research Center at the
University of California, Irvine (UCI), is providing renewable hydrogen for vehicle fueling
along with ultra-clean electricity. The power
plant efficiently converts biogas generated
from the wastewater treatment process into
renewable hydrogen for a nearby vehicle
fuelling station operated by Air Products, as
well as ultra-clean electricity used by the
wastewater treatment facility.

CREATING A U.S. HYDROGEN
REFUELLING INFRASTRUCTURE
The hydrogen fuel-cell vehicle has remained
more or less in concept mode ever since the
first one was built. The reasons range from
high production costs to safety issues to difficulties in building fueling stations.

As automakers take on the former challenges, the fueling-station problem remains. So far, there are only 56 such stations
in the U.S. -- a minuscule number compared
even with biodiesel fueling stations (630 nationwide) and compressed natural-gas stations (988).
But that's about to change. FuelCell Energy
and Air Products have announced plans to
build a hydrogen-vehicle fueling infrastructure in the U.S. As the backbone, they will
use FuelCell Energy’s fuel-cell power plants,
which produce excess hydrogen while generating electricity.
The pilot facility that opened at California's
Orange County Sanitation Department last
summer provides a model for how the network of stations will operate. Human waste
sitting in holding tanks produces methane
that's converted to power. In the past, excess
methane was burned off or sold, but now it's
turned into hydrogen. The fuel, according to
UCI, powers vehicles at the equivalent of 70
mpg.
"Our stationary fuel-cell power plants are
quite versatile, and this initiative represents
what we expect to be an efficient and costeffective manner of providing on-site hydrogen production in an environmentally friendly
manner," said Chip Bottone, president and
CEO of FuelCell Energy.
The FuelCell-Air Products project comes on
the heels of several automakers' announcements of plans to manufacture hydrogen fuel
-cell cars in coming years. The MercedesBenz F-Cell is slated for 2014 production, and
Honda's FCX Clarity will become widely available in 2018. Ford and Toyota have also
stated their intentions to sell hydrogen fuelcell vehicles by 2015.
www.fce.com
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FUEL CELLS AND BATTERIES
In a series of articles Prof A John Appleby gives a brief history of the development of power sources and the latest advances with fuel cell technology.

Prof Appleby is seen here (centre) with Prof
P Hugh Middleton (left) and Nicholas Abson
of Cygnus Atratus Ltd.
This is the first in a series of four articles.

DEFINITIONS
Fuel Cells (and what are generally today
called Batteries) are direct energy conversion devices, which means they can use the
energy released during the combustion of a
fuel and directly convert it into useful energy
in the form of motion or work. Fuel here is
defined as any material which releases energy in the form of heat when it spontaneously combines with an Oxidant.
The best-known fuels are Carbon and Hydrogen and their Hydrocarbon compounds such
as Methane (CH4), the principal constituent
of natural gas, gasoline produced by the refining of crude oil, and alcohols such as the
simplest, methanol (CH3OH), and the second,
ethanol (C2H5OH). Gasoline is essentially socalled isooctane [CH3)3C-CH2-CH(CH3)2] or a
mixture of compounds which imitate its burning properties. Fuels are said to be Reduced
or are called Reducing Compounds, because they “reduce” oxidants to a lower energy state. The commonest oxidant is oxygen (in the air). However, the general definition of fuel and oxidant is broad, and chemically it includes many materials, both elements and their compounds which when
brought together have the properties defined above.

THE
MECHANICAL
HEAT
ENGINE PRODUCES WORK IN
THE FORM OF MOTION
We note that the definition of fuel and oxidant includes the spontaneous formation of
heat when the pair are allowed to chemically react. That heat can be used in a Mechanical Heat Engine to produce Work in the
form of Motion. While a crude “toy” Steam
Engine was developed in Classical times by
Hero of Alexandria, it was left to Newcomen
about 1710 to devise an engine powered by
the combustion of coal (largely carbon with
some hydrogen), following earlier ideas of
Savery and Papin. This set the stage for the
Industrial Revolution and steam railroad, and
electrical generation by the steam turbine.
The theory of how the Steam Engine worked
was first described by Carnot in 1824. This
showed that if the temperature resulting from
combustion was T1 above the absolute zero
of temperature (the Kelvin scale, degrees K),
and the ambient temperature to which the
heat is rejected is T2 on the same scale, then
the work produced is proportional to (T1-T2),
and the theoretical efficiency for production
of the work from heat (the Carnot efficiency)
is (T1-T2)/T1.
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This implies that the heat at T1 lost at T2 = -k(T1
-T2),where k is a constant depending on the
medium, with the minus sign indicating “loss”
is equal to the work in the form of motion produced. This had been experimentally established by Thompson (Count Rumford) in 1798,
and was put on a formal theoretical basis by
Joule in 1845 and Helmholtz in 1847 as the
Law of the Conservation of Energy. The theoretical Carnot efficiency was never attained.
Coal can burn in air at white heat (say 1373
K, which is 1100°C, Celsius scale, plus 273).
Thus, ideally, with T2 at 298 K (25°C plus 273),
an efficiency of 78% was possible. However,
steam produced at this temperature could
not be handled by any materials available
then (or now). So a steam engine during the
early 19th century boiled water at 100°C (373
K) or not much higher, wasting a great deal
of heat to the air in consequence. Rejecting
heat at 298 K resulted in a theoretical efficiency of 25%. This was reduced by many
inefficiencies such as heat loss to air and friction to about 5%. Today, with improved materials, a large coal-to-electricity plant with
careful attention to losses cannot manage
more than 40%, a jet engine about 33%, and
an automobile engine 25-30% at best.

DIRECT ENERGY CONVERSION
Direct energy conversion does not involve
the conversion of fuel-oxidant chemical energy first into heat, then to mechanical
power via a mechanical device using heat
expansion and consequent pressure differences to push mechanical parts such as pistons or turbine blades to provide motion. In
1873, Gibbs at Yale University realized that in
any fuel-oxidant conversion, two sorts of energy could be defined. At a given temperature, the conversion resulted in an increase in
the internal energy of the products of the fuel
-oxidant reaction. A simple case is the reaction between hydrogen and oxygen gases, in
which two molecules of hydrogen (2H2) react
with one molecule of oxygen (O2) to produce two molecules of water (2H2O). If the
two gases are mixed in a container and then
ignited, an uncontrolled explosion occurs,
giving out a great deal of heat and water
vapor at a very high temperature, e.g, T3. All
of the reaction heat or energy goes into the

internal or residual energy at this temperature, and the only way to extract work from it
is via a Carnot-limited heat-engine thermally
coupled to the very hot water vapor. We will
call this heat energy H. However, if means
can be found to perform the reaction process more slowly at a much lower temperature, e.g., at ambient temperature T2, the
total energy liberated is still H or very close to
it (k may vary slightly with temperature T),
however, the residual heat energy or
“Enthalpy” will now be much less, since it is
proportional to the much lower temperature
T2. We will call this quantity of energy (T2)S,
where S is called the “Entropy.” Again, S may
vary slightly with T. Thus, there is a substantial
amount of energy left over, which Gibbs
called the (Gibbs) Free Energy, G. “Free”
here means “available” or “harvestable,”
rather than “costing nothing.” Thus, we have
the famous equation G = H - TS, in which the
G and H apply under our usual conditions at
constant pressure, e.g., that of the atmosphere. A similar equation at constant volume
A = E - TS applies under theoretical conditions
at constant volume. In this case, A is the
Helmholtz Free Energy, and E is the
(Standard) Internal Energy.
For materials
whose volumes do not change measurably
with pressure (solids and liquids) A and G,
and E and H, are substantially the same. The
trick now is to see how the Gibbs free energy
can be harvested under ordinary conditions,
because it is in the form of work, and it is potentially available at much higher efficiency
than mechanical work derived from the use
of a Carnot heat-engine.

DIRECT ENERGY CONVERSION
DEVICES
Electricity
The only way that we are aware of for harnessing the Gibbs free energy of combustion
of a fuel and oxidant is by allowing them to
react together in a controlled manner without allowing them to mix, which for the desirable active substances will result in a runaway reaction, producing only marginally
useful heat.
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In the 18th century, static electricity had
been commonly known: In fact the ancient
Greeks knew it as a sparking effect resulting
from rubbing amber (ελεκτρον, elektron) with
a dry cloth or skin.
During the 18th century, machines for producing and storing static electricity became
widely known, and Franklin’s famous experiments in 1750-52 showed that these sparks
were identical with lightning. In 1791, Galvani in Italy showed that a frog’s leg muscle
responded by contracting to such a spark,
resulting in the discovery of Galvanic Electricity.

Cells, piles and batteries
Dissimilar metals, one acting as a fuel
(dissolving in water), the other acting as an
oxidant (reducing water, as was later demonstrated) were used by the Italian Volta in
1800 in his so-called “pile,” containing an
electrolyte (salt solution in paper) separating
the metal parts which were eventually called
electrodes (from Greek, elektron or electricity
way or outlet). The piled-up individual elements, one over the other, each produced
an electric tension or potential (later called a
Voltage), which added together and
“accumulated” to eventually produce a
spark when sufficient elements were in the
pile. Because of the powerful electrical effects of so many cells, they were likened to a
“Battery” of cannon, for which the overall
effect greatly exceeded each individual output.
Within a short time, an individual
“Electrochemical Element” was called a
“Cell” by Cruickshank, because its electrolyte
was sealed off from those of the others as in
a biological cell. In 1800, a Volta pile was
used by Nicholson and Carlisle in England to
show that by reversing it into a cell containing water, the latter was decomposed into
hydrogen and oxygen, i.e., the fuel-oxidant
reaction could be reversed. In the next two
decades, Davy in London showed how the
highly reactive alkali metals could be discovered and prepared in the same way using
the Volta pile.

ANODE (ENTRY) AND CATHODE
(EXIT)
In 1834, Whewell in Cambridge, corresponding with Faraday in London, had coined all
the words for the parts of the “Cell,” including
the “Anode” and “Cathode” (Greek, entry
and exit for electricity). These referred to the
electrodes where the fuel oxidation reaction,
and the oxidant reduction reaction, occur.
The names have stuck, although Faraday’s
concept turned out to be wrong, because
“electricity” in the external circuit of an individual “cell” in which the two electrodes are
joined by copper wires does not flow in the
form of positive electrical charges from the
cathode to the anode through the wires, as
Faraday had supposed. It flows in the opposite direction by negative charges (electrons)
through the wires, and positive charges (ions)
correspondingly flow from the anode to the
cathode, or negative charges in the opposite direction, through the electrolyte between the electrodes to complete the electrical circuit. We can illustrate this by a hypothetical process in which the “fuel” is a metal
M at the anode and the oxidant is a chlorine
atom derived from the dissociation of the
chlorine molecule Cl2 on the cathode. 2M
atoms dissolve to create two M+ ions in the
electrolyte and two electrons, 2e-, and Cl2
reacts with the electrons emerging from the
wire connecting the two electrodes to create two Cl- ions. The electrolyte therefore
remains electrically neutral, since the total
positive and negative charges cancel. However, let us suppose that the electrolyte is not
the compound MCl (present as M+ and Cl-),
but another salt, say sodium bromide, NaBr,
present as Na+ and Br-. As the reaction proceeds, M+ ions will pile up at the anode, creating a concentration gradient, and Cl - ions
similarly pile up at the cathode. These concentration gradients create what Faraday
called a back electromotive force (back
emf), a voltage opposing that created by
the electrode reactions, which negates the
electrochemical voltage produced by the
electrodes, ultimately rendering the device
useless as a source of electric power. Thus,
all successful productive electrochemical
devices must incorporate a means of
16

maintaining the ion concentrations constant
across the cell. In practice this is done by
making sure that the ion produced in either
one electrode reaction is consumed at the
other. In addition, the reactants and products of the individual reactions in most systems (but not all) are only slightly soluble to
reduce the volume of electrolyte to a minimum and to keep the reactions under control.

NATURAL PROCESSES
More than 4.0 billion years ago, Nature must
have “discovered” the possibility of converting the Gibbs free energy of one reaction
process into that of another, in effect upgrading the energy of a chemical compound. In isolated systems, chemical reactions between materials take place until the
system reaches an equilibrium in which the
entropy is at a maximum. The reactions will
only proceed if the Gibbs free energy is
negative, and if there is no device to harvest
the free energy difference, the energy is simply dissipated as heat. Thus, in a simple case,
a reaction proceeds to give a product, and
only heat is the result. The example used
here is hydrogen reacting with oxygen to
produce water, already referred to.
The
early earth’s surface was a violent and very
hot place, bombarded by meteorites and
cometary material, whose water presumably
resulted in the formation of the oceans. This
early surface must have been fully chemically reacted and barren because of the
temperatures to which it had been subjected
by the heat generated by the bombardments. However, as is well known, the layers
of the earth under the crust are hot (due to
the heat generated by radioactivity) and
become progressively more reduced in the
chemical sense (i.e., are more fuel-like) as
depth increases. When the molten, highlycompressed core is reached, they are fully
reduced, since the core consists of metallic
iron and nickel. Because of the motion of the
crust over the molten layers underneath,
cracking of the crust takes place, releasing
more reduced hot material to the surface.
Today, this occurs in the hydrothermal vents
along the mid-ocean ridges, which are the
homes of the most primitive bacteria known,

the thermophilic Archaea, which appear to
live on the energy availability of gases and
other chemicals emitted by the vents.
While this is speculative, the type of reaction
may well have involved reduction of hydrogen sulfide (H2S) and ferrous sulfide (FeS),
both of which are known to be produced by
hydrothermal vents. This anodic oxidation
reaction would be FeS + H2S → FeS2 + 2H+ +
2e-. FeS2 is the common somewhat electrically-conducting (semiconducting) mineral
iron pyrites (“fool’s gold”). The cathodic reduction reaction is unlikely to have involved
oxygenated compounds in this primitive prebiotic environment. I suggest this because we
know that from geological evidence the
earth’s surface and atmosphere at that time
contained no oxygen, and all common iron
was Fe2+, not today’s Fe3+, which occurs
when oxygen is present. A cathodic reaction
in the presence of an ionically-conducting
electrolyte (e.g., hot sea-water) might simply
have been reduction of the element sulfur, S,
in the process S + 2H+ + 2e- → H2S on an FeS
site. The overall reaction is FeS + S → FeS 2.
This passes the test of being able to proceed
spontaneously if the electrons can relatively
easily go from the anode to the cathode
(the Gibbs energy is negative and equal to
+0.36 Volts (V) in electrochemical system
terms). This is an extremely primitive form of
the type of process used by thermophilic
bacteria fueled by sulfur compounds. Nature
had no copper wires, and could not use the
voltage difference between the anode and
cathode to generate work via electrons. It
shorted out the electrons, and produced
chemical work via a hydrogen ion (proton)
concentration gradient between the anode
and cathode. In what we today call a
“battery,” we ideally do the opposite: we
short out the ionic gradient by using a highlyconducting electrolyte, and utilize the electron voltage gradient in a device such as a
light bulb or electric motor.

PART II will cover batteries, flow batteries and hybrids with fuel cells
PART III fuel cells
PART IV lower
temperature fuel cells
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INTELLIGENT ENERGY MOVING INTO HIGH
VOLUME MARKETS
Intelligent Energy Is moving into high volume
markets with key global original equipment
manufacturers (OEMs). The Company has
raised in excess of $35 million (£22 million)
from existing and new institutional shareholders, which values it at approximately $0.5 billion and will enable it to increase its pace of
commercialisation within the consumer electronics and stationary power markets.
“Intelligent Energy’s growth continues to
gather momentum as we see firm traction for
our clean and efficient power technology in
each of our key market sectors: motive, consumer electronic and stationary power,” said
Dr. Henri Winand, Chief Executive of
Intelligent Energy. “Hot on the heels of our
landmark joint venture announcement with
Suzuki, this latest round of funding is firmly
aimed at reflecting this success within our
consumer electronics and stationary power
divisions. Partners and customers are ready to
take advantage of our scalable power cores
in these markets, worth around $410bn and
$150bn respectively, so it’s an incredibly exciting time for us.”
Intelligent Energy recently announced the
creation of SMILE FC System Corporation, a
Joint Venture company formed with the Suzuki Motor Corporation, to develop and
manufacture air-cooled fuel cell technologies for various industry sectors. Both companies have taken a 50 percent stake in SMILE
FC System Corporation, which will be led by
Mr. Osamu Honda, Executive Vice President
and representative director for Suzuki Motor
Corporation, who will become President of
the joint venture. Mr Honda said “I believe
that we can accelerate the commercialisation of fuel cell vehicles through this joint venture.”
SMILE FC System Corporation will be headquartered in Hamamatsu City, Shizuoka, with
operations initially based in Yokohama.

Mr. Osamu Honda (left) is seen here with Dr
Henri Winand. “Suzuki Motor Corporation has
been developing fuel cell vehicles with Intelligent Energy since 2006, and this successful
relationship has led to the formation of SMILE
FC System Corporation,” explained Mr.
Honda. Dr. Mark Lawson-Statham, Director of
Corporate Finance, Intelligent Energy, said
that the Joint Venture with Suzuki and the
latest funding round further underline Intelligent Energy’s rapid transition from a world
class developer of power technologies to a
company that is, through its relationships with
key global OEMs, taking products deep into
high volume markets.
Intelligent Energy is a founding member of UK
H2 Mobility, a government and industry
group aiming to accelerate the commercial
roll out of hydrogen vehicles in 2014/15. Dr.
Henri Winand said that the role of H2 Mobility
is to ensure that the UK is well positioned for
the commercial roll-out of hydrogen fuel cell
vehicles as part of a balanced portfolio of
drive trains. Fuel cell vehicles, storage and
refuelling technology are here today, they
work! We now need to look at how we can
make these elements, together with the hydrogen refuelling infrastructure, work most
effectively to enable the UK to take full advantage of hydrogen as a transport fuel;
stimulating inward investment, GDP growth
and securing and creating new jobs.
www.intelligent-energy.com
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NEWS
UK PROPOSALS FOR ENERGY
EFFICIENCY
Fuel Cell Power welcomes the formation of
the UK Energy Efficiency Deployment office
(EEDO).
In the 2011 World Energy Outlook,
the International Energy Agency (IEA) said
that without a bold change of policy direction, the world will lock itself into an insecure,
inefficient and high-carbon energy system.
Fuel Cell Power proposes a more balanced
energy system, with efficient distributed generation of electricity and heat and backing
for innovative small and medium enterprises
(SMEs).
Fuel cells should be introduced to generate
electricity, heat, cooling and in some cases,
hydrogen on site. Efficiency is in the region of
80% to 90%. The Government has focussed
upon the development of Proton Exchange
Membrane fuel cells and solid oxide fuel
cells.
Equally, there are applications for
phosphoric acid, molten carbonate and alkaline fuel cells. The potential for fuel cells
has been limited by lack of investment, but
when volume production is achieved, costs
will come down. Larger fuel cells are close to
market and are only uncompetitive because
other technologies are subsidized by the
Government. It is proposed that Feed in Tariffs (FiTs) should apply to combined heat and
power (CHP) systems up to 5 megawatts
(MW), with tariff degression as volume production is achieved.
Fuel cells in combined heat and power applications can achieve 85% efficiency, compared to only 35% for electricity from the grid.
It is estimated that the central generation of
electricity wastes an amount of thermal energy which would be enough to heat every
building in the country. Electrochemical conversion by fuel cells can also be two or three
times more efficient than combustion in producing energy from the waste which would
normally go to landfill sites, or from agricultural, sewage or forestry wastes.

The use of fuel cells can smooth the supply
from intermittent sources of wind and solar
power, thereby obviating the need for backup fossil fuel generators. At times of low demand, surplus power can be stored as hydrogen and can then be made available to provide heat and power when required. Per installed kilowatt, the fuel cell can generate
8,000 kilowatt hours (kWh) per annum compared to a 1 kW solar panel generating up to
1,000 kWh and wind turbines generating
around 3,000 kWh per installed kW per annum. The widespread introduction of heat
pumps will increase the electricity load at
times of peak winter demand and would require massive investment in generating capacity. Fuel cells can be utilised alongside
heat pumps, providing electricity to power
them, as well as additional heat. Due to their
high electricity to heat ratio, fuel cells are
suitable for use in future well insulated buildings.
The energy intensity of transport has hardly
improved over the last 30 years due to the
inefficiency of internal combustion engines at
differing speeds and loads. Projects are
needed to bring to market lightweight vehicles with efficient electric drive trains with fuel
cells utilised for heavier duty vehicles. Electric
vehicles, whether powered by electricity or
hydrogen, will play an essential role in balancing the intermittent supply from renewable energy sources, such as wind, solar or
marine. The Government’s support of the
H2Mobiity programme is welcomed.

CT TRANSIT SETS ANOTHER
GREEN EXAMPLE
CT TRANSIT, which currently operates five
buses powered by UTC Power’s transportation fuel cells, is expanding their commitment
to reducing their environmental impact
through the purchase of a PureCell® stationary fuel cell system for their headquarters in
Hartford, Connecticut. The fuel cell will provide 400 kilowatts (kW) of clean, reliable
power to the 330,000 square-foot facility.
Thermal energy from the fuel cell will be used
to pre-heat two boilers that support the
building’s primary heating system.
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CT TRANSIT General Manager David Lee
noted, “We are excited to add this cuttingedge fuel cell technology to provide onsite,
local power generation in an extremely environmentally positive way. This will reduce our
utility costs and improve the reliability of our
electrical service.” Lee went on to say, “Our
proven collaboration with UTC Power, demonstrated in the operation of five fuel cell
transit buses, leaves us confident that this
new investment in our fuel cell use will pay
off, all the while supporting technology development and jobs in Connecticut.”
By
generating power on-site with a fuel cell, CT
TRANSIT will prevent the release of more than
827 metric tons of carbon dioxide annually –
the equivalent of planting more than 191
acres of trees. The reductions in nitrogen oxide emissions compared to a conventional
power plant are equal to the environmental
benefit of removing more than 102 cars from
the road. In addition to the reduction in
greenhouse gas emissions, the PureCell system will enable CT TRANSIT to save nearly 3.6
million gallons of water annually.

“CTTRANSIT will be the first UTC Power
customer to use both our transportation and
stationary products,” said Joe Triompo, Vice
President and General Manager of UTC
Power. “They have been a strong partner in
the deployment of the PureMotion® system
for buses, and we are pleased that they will
now be gaining the efficiency and environmental benefits of using our PureCell system
at their Hartford headquarters.” This project
is supported by a grant from the Transit
Investments for Greenhouse Gas and Energy
Reduction Program, also known as TIGGER.
The program is run by the Federal Transit Administration. UTC Power’s stationary fuel cell,
the PureCell system, is a combined heat and
power system that represents a gamechanging technology. Compared to typical
central generation and other fuel cell offerings, the PureCell system offers customers
lower energy costs, reduced emissions, an
industry-leading 90 percent system efficiency,
10-year cell stack durability and 20-year
product life. www.utcpower.com

EVENTS
23rd-26th July 2012 ASME 2012 10th Fuel
Cell Science, Engineering and Technology
Con f er e n ce .
Sa n
Di eg o ,
USA
www.asmeconferences.org

8th –10th October 2012
f-cell fuel cell forum Stuttgart, Germany
www.f-cell.de

Fuel Cell Power’s Blog covers all types of fuel cells and their applications in distributed
power generation, portable power, CHP and transport. For millennia, energy has been
obtained by burning fuels, which is changing the chemistry of the atmosphere and the
oceans. Cleanly, quietly and efficiently the electrochemical conversion of fuels is now
becoming a practical alternative to combustion. Fuel cells utilize fossil fuels or energy from
waste efficiently. They can equally be powered by hydrogen which can be generated
from intermittent renewable energy sources. Articles and features in Fuel Cell Power will
help individuals, businesses and communities to plan for long term energy efficiency, price
stability and cuts in harmful emissions.
www.fuelcellpower.org.uk
Fuel Cell Power provides information on the practical application of fuel cells.
It is produced by the family and friends of the late Dr F T Bacon OBE, FRS,
who dedicated his life to the development of fuel cell technology.
Information can be obtained from: Jean Aldous, Editor, Fuel Cell Power,
The Gallery, The Street, Woolpit, Suffolk, IP30 9QG.
Telephone : 01359 245073
www.hydrogen.co.uk www.futureenergies.com www.fuelcellpower.co.uk
20

