
   

 

                                                                                  No. 51 WINTER 2012/13 
                                                                               www.fuelcellpower.org.uk 
   

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

HEADLINE NEWS 
 
Ceramic Fuel Cells Ltd  has          

announced the use of their efficient 

SOFC micro combined heat and 

power unit in the social housing 

market, where the high electrical 

efficiency can have great effect in 

reducing energy costs.   

 

The company has signed a distribu-

tion agreement with Energy        

Services Company, iPower Energy 

Limited, to supply homes in the UK. 

The aim is to make clean energy 

affordable to all. 
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Ceramic Fuel Cells Limited, a leading devel-

oper of generators which use fuel cell tech-

nology to convert natural gas into electricity 

and heat for homes and other buildings, has 

announced the signing of a distribution 

agreement with Energy Services Company 

(ESCo) iPower Energy Limited (iPower). CFCL 

has granted iPower a limited exclusivity on 

the basis of minimum deliveries of 200 

BlueGen units during 2013 and a further 200 

BlueGen units during 2014. The exclusivity is 

limited to the use of BlueGen to provide ESCo 

services within the social housing sector in the 

UK. 

 

TACKLING FUEL POVERTY 
Social enterprise iPower is a UK developer of 

low carbon projects working with a range of 

technologies to reduce both energy bills and 

carbon emissions. iPower is able to offer guar-

anteed discounts on electricity tariffs to social 

housing tenants where BlueGen is installed. 

Installations are offered on a turnkey basis 

and can be fully funded by iPower who will 

also supply power and heat to tenants in 

place of existing suppliers. iPower’s aim is to 

make clean energy affordable to all and re-

turn maximum benefits to property owners 

and tenants. A majority of its profits are used 

to help combat fuel poverty and climate 

change. Following on from recent an-

nouncements about installations with housing 

associations supported by National Grid Af-

fordable Warmth Solutions, the agreement 

with iPower reflects an increased emphasis 

for CFCL on the deployment of BlueGen in 

the social housing market.  In this sector the 

cost savings associated with BlueGen’s high 

electrical efficiency can have most effect, 

particularly in apartment blocks where the 

electrical output from one BlueGen can be 

shared between up to four apart-

ments.   iPower will use installation, sales and 

service partners approved by CFCL in the 

deployment of BlueGen systems across the 

UK: 

 Be Green Systems for London and the 

South East 

 Ace Energy for the South Coast and 

South West 

 Green Buy Energy for Yorkshire and the 

North Midlands 

 Richard Irvin for Scotland 
 World Heat and Power for the North West 

and North Wales 
 
Bob Kennett, CEO of CFCL commented, “We 

are delighted to have concluded this initial 

agreement with iPower and we look forward 

to developing some key opportunities to-

gether in the future”.   Jon Cape, CEO of 

iPower added, “The use of BlueGen in social 

housing offers real scope to bring down fuel 

bills for the least well off in society. We are 

already at the detailed design stage with the 

first large project under this agreement and 

are attracting expressions of interest from a 

number of Councils and housing associations 

across the UK” Each BlueGen unit can save 

up to four tonnes of carbon per year in low 

carbon homes in the UK when running off 

natural gas and around twice this amount 

when using directed biogas purchased over 

the mains gas  grid. The peak electrical effi-

ciency of BlueGen is up to 60%, far higher 

than any other small scale generating tech-

nology. With the added benefit of heat, total 

efficiency is up to 85%..  www.cfcl.com.au 

iPOWER INSTALLING BLUEGEN FOR UK  
SOCIAL LANDLORDS 

http://www.cfcl.com.au
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FuelCell Energy Inc has a contract to dem-

onstrate a tri-generation stationary fuel cell 

power plant near Vancouver, British Colum-

bia, Canada, utilizing landfill gas as the fuel 

source. The landfill gas clean-up will be per-

formed by Quadrogen Power Systems, Inc., 

the prime contractor, and the cleaned 

landfill gas will be used by the fuel cell 

power plant to generate multiple revenue 

streams, including ultra-clean electricity,  

usable high quality heat and renewable hy-

drogen. The heat in the form of hot water 

will be supplied to Village Farms, a leading 

hydroponic greenhouse operator in North 

America. Renewable hydrogen will also be 

exported for vehicle fueling or industrial   

applications. 

 

"Part of our corporate strategy is to be highly 

sustainable and responsible stewards of 

natural resources," said Jonathan Bos, Devel-

opment Director, Village Farms International, 

Inc. "We are excited to be participants in 

the fuel cell landfill gas project to ascertain 

its benefits both to our business by convert-

ing harmful waste gas into food grade car-

bon dioxide, as well as other business oppor-

tunities coming out of other value streams 

from the landfill waste gas."  "This technology 

will help greenhouse operators improve their 

competitiveness by making their operations 

more environmentally and economically 

sustainable through the use of biogas," 

added Canadian Agriculture Minister Gerry 

Ritz. "We are proud to be a partner in these 

types of innovative energy solutions that in-

crease the profitability of the agriculture 

sector." 

 

MULTIPLE REVENUE STREAMS  
 

"Partnering with FuelCell Energy combines 

our gas clean-up expertise with the tri-

generation power output of the stationary 

fuel cells as we convert a harmful byproduct 

of landfills into multiple revenue streams," 

said Alakh Prasad, President & CEO, 

Quadrogen Power Systems, "Cleaning land-

fill gas before it is used by the fuel cells 

represents unique challenges of removing 

impurities that can impact fuel cell perform-

ance as well as removing harmful organic 

chemicals which do not affect the fuel cells 

but can't be released to the atmosphere." 
 

LANDFILL GAS LARGE  
POTENTIAL MARKET 
 

"This project provides our first opportunity to 

demonstrate the application of our Direct  

FuelCell technology with renewable landfill 

gas, in addition to advancing our hydrogen 

co-production technology," said Tony Leo, 

Vice President Application Engineering & 

Advanced Technology Development, Fuel-

Cell Energy, Inc. "Landfill gas is a large po-

tential market, which presents unique gas 

cleanup requirements. Our partner in this 

project, Quadrogen Power Systems, has de-

veloped an effective cleanup technology, 

as demonstrated by the high performance 

of their equipment at an existing hydrogen 

co-production fuel cell installation in Califor-

nia that is providing ultra-clean electricity 

and hydrogen for vehicle fueling from re-

newable biogas generated by a wastewa-

ter treatment plant." 

 

The landfill for the City of Vancouver, has an 

advanced gas collection system. Some of 

the gas is flared, wasting a potential fuel 

source and generating pollutants such as 

smog producing nitrogen oxide (NOx). Using 

the landfill gas to generate ultra-clean 

power converts a waste disposal problem 

into an environmentally friendly source of 

revenue. Power production is expected to 

commence in early 2014. A successful pro-

ject demonstration could lead to additional 

projects at landfill sites.       www.fce.com 

TRI-GENERATION FUEL CELL GENERATES  
ELECTRICITY, HEAT AND  HYDROGEN 
FROM WASTE 
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OVER ONE AND A HALF  
MILLION EXPECTED 
Over one and a half million hydrogen pow-

ered vehicles could be on UK roads by 2030 

according to a joint Government-industry 

study.   The forecast is made in an interim 

report commissioned to evaluate the bene-

fits of hydrogen fuel cell electric vehicles 

(FCEVs) and ensure the UK is well positioned 

for their commercial roll-out. Produced by 

the UKH2Mobility project – which brings to-

gether leading businesses from the automo-

tive, energy, infrastructure and retail sectors 

with Government – the study provides a 

‘roadmap’ for the introduction of vehicles 

and hydrogen refuelling infrastructure in the 

UK. 

 

The Business Minister Michael Fallon said: 

“The transition to ultra-low emission vehicles 

has already begun. It has the potential to 

create really significant new economic op-

portunities for the UK, to diversify national 

energy supply and to decarbonise road 

transport. The findings demonstrate that hy-

drogen fuel cell electric vehicles can make 

a significant contribution to this.  Successful 

commercialisation of the technology will 

require Government to work in partnership 

with industry.  We already have a strong 

automotive sector and must ensure it stays 

that way. Opportunities for the UK to take a 

leading role in low carbon technologies will 

be looked at as part of our auto industrial 

strategy, to be published later this year.   The 

key findings of the initial report  are: 

 

EARLY ADOPTERS OF FCEVS 
Up to 10% of new car customers will be re-

ceptive to fuel cell vehicles when first intro-

duced, attracted by the newness of the 

technology and environmental considera-

tions. “Early adopter” interest will need to be 

fostered and converted into sales to build 

confidence in and support for FCEVs, as the 

first models become available in world mar-

kets within the next three years.  

ANNUAL SALES OF 300,000 
FCEVS BY 2030 
Initial uptake of FCEVs will progress as mod-

els make their way on to the market and the 

fuelling network matures. The roadmap 

shows that once mass FCEV production is 

established, bringing costs down, there is the 

potential for 1.6 million vehicles on UK roads 

by 2030, with annual sales of more than 

300,000. 

 

HY D R O G E N R E F UE LLI NG       
STATIONS 
A co-ordinated network of hydrogen refuel-

ling stations will need to be established, fo-

cusing at first on national trunk routes and 

heavily populated areas. An initial roll-out of 

65 stations would provide sufficient cover-

age in line with early vehicle sales, with the 

network growing in line with the number of 

FCEVs on the road to provide 1,150 sites by 

2030. 

 

CUTTING C02 AND IMPROVING 
AIR QUALITY 
The roadmap shows that, based on the up-

take figures above, FCEVs could reduce UK 

annual total vehicle CO2 emissions by three 

million tonnes in 2030. Replacing diesel vehi-

cles with FCEVs could also save between 

£100 million and £200 million a year in the 

cost of damage to air quality caused by ve-

hicle emissions by 2050. 

 

COST COMPETITIVE HYDROGEN 
PRODUCTION  
 

 FCEVs produce no harmful tailpipe emis-

sions, but some forms of hydrogen produc-

tion do generate CO2. Using a range of 

manufacturing methods can deliver hydro-

gen at a cost that is competitive with diesel, 

with 60% lower CO2 emissions in 2020, im-

proving to 75% less  in 2030. 

HYDROGEN FUEL CELL VEHICLES FOR THE UK 
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Hydrogen production will be on course for 

zero emissions by 2050, at which time FCEVs 

could have a market share of between 30 to 

50%. 

 

INVESTMENT 
A basic initial network of Hydrogen Refuelling 

Stations is required to encourage early adop-

tion of FCEVs and there will inevitably be a 

lag between the creation of this network and 

there being sufficient FCEVs on the road to 

make it financially self-sustaining. Phase 1 of 

the project estimated the total finance 

needed to be around £400m to 2030. Phase 

2 will be focussed on both reducing this figure 

and considering different models for deliver-

ing it. 

 

KEY ROLE FOR HYDROGEN  
ELECTROLYSIS  
ITM Power comments that the Synopsis of 

Phase1 also includes the mix of production  

methods able to provide cost-competitive 

hydrogen to the consumer while delivering 

very significant CO2 emissions reductions.  

 

This is of particular significance for ITM 

Power’s electrolyser products, and notes: 

 The hydrogen production mix in the road-

map for 2030 is 51% water electrolysis, 47% 

steam methane reforming and 2% existing 

capacities. 

 The water electrolysis, using renewable 

electricity, includes both on-site production 

at the hydrogen refuelling station and cen-

tralised production with distribution to the sta-

tions. 

 In 2030, the roadmap shows that the na-

tional demand for hydrogen for FCEVs will be 

254,000 tonnes per annum. 

 Water electrolysis capacity offers signifi-

cant benefits to the electricity sector in assist-

ing the integration of renewable generating 

capacity and in providing grid-balancing 

services. These benefits will increase as the 

proportion of renewable energy in the gener-

ating mix increases. 

 The project quantified these benefits and 

determined that this would have the effect 

of reducing the cost of hydrogen produced 

by electrolysis by 20%.   
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INDUSTRY WELCOMES  
PROGRESS WITH HYDROGEN 
FUEL CELL VEHICLES. 
 

Akihito Tanke, Vice President, Research and 

Development, Toyota Motor Europe said: 

“The motor industry recognises it is vital for it 

to develop and deliver new solutions for re-

ducing the environmental impact of the ve-

hicles it produces. Hydrogen fuel cell tech-

nology represents a major advance in se-

curing sustainable mobility.  

 

As manufacturers reach the point of bring-

ing the first FCEVs to market, it is important 

that all interested parties work together to 

ensure their benefits can be appreciated 

and realised through co-ordinated dialogue 

between industry partners and government 

bodies. UKH2Mobility’s Phase 1 findings pro-

vide valuable resources and intelligence to 

help us secure these advantages and we 

look forward to participating in Phase 2 to 

further confirm the potential of hydrogen as 

a low carbon fuel in the UK.” 

 

Speaking for ITM Power, Dr Graham Cooley 

CEO, said:  “We are pleased with the find-

ings of Phase 1 of UKH2Mobility, which re-

flect a diligent process of appraisal by the 

collaborative partnership. Phase 1 sows a 

seed for the adoption and development of 

a new transport system which will allow soci-

ety to decarbonise road transport and 

clean up emissions, without disrupting its 

business and social routine.  Phase 2 will 

show how that seed can proliferate, ena-

bling the UK to be a world leader in the de-

ployment and manufacturing of the neces-

sary electrolyser-refuelling technology and 

fuel cell vehicles. This presents the UK with a 

very real economic opportunity for growth.” 

 

James Batchelor, Managing Director –     

Motive, Intelligent Energy, said: “The exten-

sive work carried out by the UKH2Mobility 

consortium positions the UK as a lead market 

for the roll-out of fuel cell electric vehicles, 

 

 

 directly contributing to national decarboni-

sation and air quality improvement objec-

tives. The programme is particularly relevant 

for UK companies such as Intelligent Energy 

in building on our leading fuel cell expertise, 

developing our local supply chains and in 

creating additional opportunities for our 

products. We look forward to progressing to 

the next phase.” 

 

Pierre-Etienne Franc, Director, Air Liquide 

Technologies said: “The UKH2Mobility initia-

tive has succeeded in gathering both lead-

ing industry companies and government 

bodies in a coordinated approach to study 

the conditions and paths to allow FCEVs to 

reach their full potential in the UK. The work 

achieved in Phase 1 provided fact-based 

elements and rationale which confirm that 

the UK could be a country at the forefront of 

early FCEVs deployment.  

 

Through this participation, Air Liquide is 

proud to pursue its commitment in the de-

velopment of hydrogen energy infrastruc-

ture in the UK and worldwide, and to help 

develop zero emissions transport solutions.” 

 

 There are currently eleven industry partici-

pants in UKH2Mobility: Air Liquide SA;  Daim-

ler AG ; Hyundai Motor Company ;  Intelli-

gent Energy Limited; ITM Power plc ;  John-

son Matthey plc;   Morrisons ; Nissan Motor 

Manufacturing (UK) Ltd; Scottish & Southern 

Energy plc;  The BOC Group Limited; and 

Toyota Motor Corporation.  Three UK Gov-

ernment Departments are involved – the 

Department for Business, Innovation and 

Skills, the Department for Transport and the 

Department for Energy and Climate 

Change, in addition to the European Fuel 

Cells & Hydrogen Joint Undertaking.   

 

 The final report of Phase 1 is due to be pub-

lished in March. Phase 2 of UKH2Mobility will 

then use the information and roadmap pro-

duced in Phase 1 to develop a detailed 

business case and specific actions for par-

ticipants to commit to.       www.bis.gov.uk 
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Two Mercedes‑Benz Citaro FuelCELL Hybrid 

buses  provided both shuttle and regular ser-

vices at the prestigious "World Economic Fo-

rum" in Davos during January.    At the 43rd 

annual meeting of the charitable foundation, 

leading international economic experts, poli-

ticians, intellectuals and journalists discussed 

the world's most urgent challenges with re-

gard to health and the environment. With this 

in mind the Mercedes‑Benz Citaro FuelCELL 

Hybrid buses were an ideal means of trans-

port. 

 

The vehicles were provided by PostAuto 

Schweiz AG, which is the first bus company in 

Switzerland to use fuel cell technology in 

public transport. Since the end of 2011, five 

Mercedes‑Benz Citaro FuelCELL Hybrid Post-

buses have been employed on PostAuto 

regular service routes in and around Brugg in 

the Aargau canton.  PostAuto is carrying out 

a long-term test of fuel cell drive systems, 

which use only environmentally-friendly and 

sustainably produced hydrogen as a fuel. 

PostAuto estimates that 2000 tonnes of CO2 

will be saved during the five-year test phase.  

 

Hartmut Schick, Head of Daimler Buses is very 

enthusiastic about the promising future of 

eco-friendly fuel cell buses: "I had the oppor-

tunity to see operation on the ground and I 

am very impressed with how PostAuto 

Schweiz AG has implemented the concept." 

Thanks to the improved fuel cell components 

and the hybridisation with lithium-ion batter-

ies, the new Citaro FuelCELL Hybrid saves 50% 

hydrogen in comparison to the previous gen-

eration. As a result the number of tanks has 

been reduced to seven with a total of 35 kg 

of hydrogen. The range of the fuel cell buses 

is greater than 300 kilometres. Thanks to these 

diverse technical improvements, purely elec-

tric omnibuses with fuel cells for energy gen-

eration are a definite step closer to being 

r e a d y  f o r  s e r i e s  p r o d u c t i o n .      

www.daimler.com 

ECO FRIENDLY MERCEDES BENZ BUSES AT 
WORLD ECONOMIC FORUM 

http://www.daimler.com
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NEWS 
SOFC  COMMERCIALISATION  
During the visit to the Republic of Korea by 

THR the Crown Prince Couple of Denmark, 

two cooperation agreements were signed by 

Topsoe Fuel Cell and SK Holdings, with the 

purpose of initiating the commercialization of 

SOFC technology.  One agreement is to de-

velop and commercialize micro-CHP systems 

for residential application and the other is 

made between SK Innovation and Topsoe 

Fuel Cell for the development and commer-

cialization of large Combined Heat and 

Power (CHP) systems.  Topsoe Fuel Cell will be 

providing the fuel cell stacks, while SK Hold-

ings will be developing, manufacturing and 

deploying the SOFC-based power systems. 

Both companies will be cooperating in the 

technical development. 

 

Topsoe Fuel Cell and SK see great potential in 

the cooperation. Duke Moon, CEO of SK E&S, 

said: "The SOFC technology will help us grow 

our business into new areas." Lars Martiny, 

CEO of Topsoe Fuel Cell added: "SK Holdings 

is a leading player in the energy business and 

Topsoe Fuel Cell has developed a unique 

technology. The companies complement 

each other very well and together they have 

the potential to develop superior solutions for 

the future   energy system."   

Present at the signing ceremony in Seoul, 

were from left: Lars Martiny (CEO Topsoe Fuel 

Cells); Dr. Haldor Topsøe; His Royal Highness 

Crown Prince Frederik of Denmark;   Man 

Won Jung (Executive Vice Chairman SK hold-

ings); Duke Moon (CEO SK E&S); Dongsup Kim 

(CTO SK Innovation)   

Topsoe Fuel Cell aims to be a significant con-

tributor to the solution of the world’s energy  

and climate challenges. Based on its proprie-

tary SOFC technology the company devel-

ops products for micro combined heat and 

power, auxiliary power units and distributed 

generation. Topsoe Fuel Cell is a subsidiary 

company of Haldor Topsøe A/S.      

www.topsoefuelcell.com 

 

ACAL ACHIEVES 8,000 HOURS 
WITH ZERO DEGRADATION. 
ACAL Energy, based in Cheshire, UK, has de-

veloped a novel fuel cell technology that 

cuts costs and boosts the durability of hydro-

gen fuel cells by replacing the fixed platinum 

catalysts on the cathode of traditional pro-

ton exchange membrane (PEM) fuel cells 

with a liquid regenerating catalyst system.  

With their test model now having passed    

the equivalent of 250,000 road miles          

with zero degradation, the founder               

of the company and inventor of the system 

Dr Andrew Creeth is keen to highlight         

the benefits of their approach.   

ACAL’s FlowCath system bypasses the issues 

that cause degradation in PEM fuel cells and 

at the same time enables a 25% cost saving 

due to the reduced need for platinum.    By 

using a liquid system and carrying out the 

oxygen side of the reaction outside of the 

fuel cell stack the system has managed to 

address the durability problems caused by 

unwanted oxidation reactions occurring in 

the cell, degradation of the membrane 

through repeated drying and degradation of 

the catalyst.  The system is also far simpler 

than most PEM fuel cells requiring no air   

compressor or humidity control and            

the liquid catalyst is able to act as a        

coolant reducing volume and cost.The firm is 

already in discussion with several auto com-

panies about commercialising the technol-

ogy for use in fuel cell powered cars.  The 

company also believes that, with a range of 

1 to 200kW their product has other applica-

tions, from combined heat and power for 

homes and businesses, to back-up power 

generation for mobile networks or computer 

systems, or even as a replacement for the 

diesel generator.     www.acalenergy.co.uk 
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( P O L Y M E R - E L E C T R O L Y T E -
P R O T O N - E X C H A N G E -
MEMBRANE MEMBRANE) FUEL 
CELLS (PEMFC) 
 

In the early 1960s, a small (about 1 kW) 

power system was required for use in the 

cabin of the Gemini orbiting capsule.  The 

system was required to be a “good 

neighbour”, non-toxic, and non-polluting.  

Batteries were rejected as being too heavy 

when it was realized that a fuel cell operat-

ing on liquid hydrogen and oxygen produc-

ing potable water as product would be a 

lighter system overall.  The General Electric 

Company Research Laboratory (GE, 

Schenectady, NY) had developed an aque-

ous acid fuel cell using a sheet of commer-

cial sulfonic acid exchange resin in contact 

with pressed-in platinum black electrocata-

lysts in the late 1950s.  This was the system 

selected, using three 32-cell stacks limited to 

an operating temperature of about 50°C 

because of the chemistry of the resin mem-

brane used.  In the late 1960s, they were re-

placed by a new material called Nafion® 

(Du Pont de Nemours, Wilmington, DE), 

which is a Teflon®-like fluorinated polyether 

polymer with sulfonic acid groups at the 

ends of the polymer chains.  Like sulfuric 

acid (and unlike phosphoric acid) it is a typi-

cal aqueous acid, and will conduct protons 

only in the presence of liquid water, so is lim-

ited to operation below about 80°C.  This 

means that unlike 200°C PAFC, it is poisoned 

by any carbon monoxide (CO) present in 

fuel gas derived from methane, so it requires 

industrial-purity hydrogen fuel.  Its electrodes 

are generally similar to those in the PAFC, 

except that they contain Nafion™ polymer, 

instead of PTFE.  As in the acid electrolyte 

PAFC, platinum and certain of its alloys sup-

ported on carbons or graphites are the only 

stable catalysts, although they can be used 

in lower loadings (weight per cm2 or per kW) 

than in the PAFC.  As in the PAFC, the bipo-

lar plate is graphite, though some develop-

ers advocate either molded graphite-plastic 

(with lower conductivity, therefore lower 

performance) or some type of coated 

metal plate.  Their performance increases in 

the usual way with increasing temperature 

(until the conductivity limit is reached) and 

with increasing hydrogen-air pressure.  Un-

fortunately, pressure requires compression 

work, which may take the equivalent of 0.1 

V out of 0.7 V produced in the cell, but pro-

vide a benefit of only about 0.04 V at con-

stant cell current.  The use of pressurization is 

therefore debatable. 

 

Since the early 1990s, the system has been 

advocated by the Department of Energy 

and certain auto manufacturers (but not 

BMW) as the future propulsion unit for vehi-

cles.  Daimler-Benz produced its first experi-

mental “Necar” PEMFC vehicle in 1994.  A 

gasoline reforming-water-gas shift on-board 

system was advocated by DOE into the late 

1990s, but this technology was technically 

unfeasible and was replaced by a com-

pressed hydrogen-fueled system.  PEMFCs 

operating continuously in the laboratory at 

e.g., 70°C show long lifetimes. Between 2000 

and 2005, it was determined that PEMFC 

cells left on open-circuit (i.e., turned off) ac-

cording to the way in which vehicles are 

typically used developed degradation 

problems.  This was anecdotally known from 

older GE personnel, who indicated that   

depolymerization and degradation could 

take place in the presence of hydrogen  

LOWER TEMPERATURE FUEL CELLS 
This is PART IV in a four part series entitled Batteries and Fuel Cells  

By Prof A John Appleby  

 
PART   I was published in Fuel Cell Power Spring 2012  

PART  II was published in Fuel Cell Power Summer 2012  

PART III was published in Fuel Cell Power Autumn 2012 
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peroxide, a possible product of oxygen re-

duction on platinum under certain condi-

tions.  It was indeed shown that Fenton’s re-

agent (dissolved iron in the presence of hy-

drogen peroxide) produced very reactive 

hydroxyl (OH) and hydroperoxy (HO2), which 

attacked polymer end groups other than 

sulfonate, SO3H, occurring by accident in 

preparation, in particular carboxylic acid 

groups, CO3H.  Once one such end group is 

attacked, the whole remaining chain is pro-

gressively degraded.  Since 2005, Du Pont 

has altered its preparative technique to 

avoid the presence of such groups, and has 

produced materials in which Fenton’s iron 

ions are not present.  These include NRE-212 

(0.050 mm thick) and NRE-211 (0.025 mm) 

which replaced the older and thicker 

Nafion™-117 (0.18 mm) and -115 (0.125 

mm).  These have in turn been replaced by 

the much more stable 0.025 mm Nafion™XL, 

which offers better performance because of 

its lower ionic resistance. 

 

A further problem of PEMFCs on open circuit 

has involved platinum catalyst degradation.  

This is due to dissolution at the high potential 

developed at open circuit when cells are 

turned off.  This has been a common prob-

lem in the PAFC, and can be cured by de-

pleting the local cathode air of oxygen by 

cutting the supply and allowing reactive de-

pletion of the remainder, leaving only nitro-

gen.  The future of the PEMFC remains to be 

seen.  The cost of the membrane is about 

$550/m2 with little prospect of reduction at 

present.  The cost per kW depends on how 

the stack is operated, whether it is a high 

efficiency (e.g., at 0.7 V unpressurized, 56% 

efficiency vs. the hydrogen LHV) or at high 

power (e.g., 0.6 V pressurized, 0.5 V cor-

rected for pressurization loss, 40% LHV).  The 

ratio of current density (A/m2) may be a fac-

tor of 2.75 in the two cases, which translates 

to a factor of almost 2.0 in power density 

(W/m2).  The cost of the membrane per kW 

will be respectively about $160 and $80.   

The cost of platinum catalyst (bulk  platinum 

was $48.9 per gram, $1520 per Troy      

ounce on 01/17/2012) assume  here is about 

$35/kW, or somewhat less, depending        

o n    o p e r a t i n g  c o n d i t i o n s .                                                       

In principle, the power density may be in-

creased, and the membrane cost  per kW 

decreased by increasing the platinum load-

ing per m2, but this is not a linear extrapola-

tion, since as electrode thickness increases, 

platinum utilization decreases.  In principle, 

the cost of membrane and catalyst to-

gether will minimize when their per kW costs 

are equal, which may be at a total of about 

$100 per kW.   

 

COOLING AND FREEZING  
  

A problem for the PEMFC for vehicle use is in 

its cooling system.  Since it must have (pure) 

liquid water supplied for efficient proton 

conductivity, its second developer, Ballard 

Power Systems of Vancouver, BC used the 

water cooling system for both circulation 

cooling and for hydrogen humidification in 

special cells.  In an internal combustion (IC) 

engine at a maximum 30% efficiency, the 

heat output from the engine is 2.33 times the 

energy for traction.  Only 15% goes to the 

radiator, i.e. 35% of the traction requirement.  

The remainder is in the form of hot exhaust 

gas.  In a PEMFC operating at an optimistic 

55% mean efficiency, the heat output is 45% 

of the traction energy, and almost all of this 

appears in the cooling system.  In an Arizona 

summer environment, 40°C ambient tem-

perature must serve as the radiator heat sink 

for a cooling system operating at 80°C, i.e., 

a 40°C temperature difference.  The pres-

sured IC engine system (with antifreeze) op-

erates at 120°C, giving a 80°C temperature 

difference.  Thus, the radiator size is 2 x 45/35 

= 2.6 times that of the IC engine.  The prob-

lem of freezing of the pure water reservoir 

(and of freezing damage to the electrodes 

in the fuel cell stack itself) also requires at-

tention.  Ballard advocated the use of the 

PEMFC in city buses, and first tested them in 

Vancouver where cooling and freezing are 

not much of an issue.  For buses operating 

e.g., 50% of the year, the situation is not an 

issue, and it is less important for fleet vehi-

cles, particularly city taxicabs.  However for 

private cars used on average only 6% of the 

time, it is an issue.  
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City buses and other vehicles on stop-go 

schedules, e.g., garbage trucks, UPS vans, 

etc., would best be battery hybrids, so that 

the energy lost on slowing down can be 

stored in regenerative breaking, the fuel cell 

operating all the time on continuous make-

up power. 
 
STATIONARY APPLICATIONS 
For stationary application, the PEMFC sup-

plied by reformed natural gas is suggested, 

particularly in Japan, as a modernized ver-

sion of the PC-11 PAFC household unit, 

scaled down to provide average power, 

and connected into a local subdivision mini-

grid to average out local power needs.  It 

could also provide household heat require-

ments for most of the year from its waste 

heat.  It is known that the PAFC is not cost-

effective for this application, and it is hard to 

see how the PEMFC can be, given the fact 

that its operating temperature is not high 

enough to provide steam for reforming, 

which means that for a given cell operating 

voltage its electrical efficiency will be about 

80% of that of the PAFC.   

 

Before leaving the PEMFC, the direct metha-

nol PEM fuel cell requires a note in passing.  

Since about 1995, it has often been consid-

ered to be a potential replacement for bat-

teries in military and certain other applica-

tions, but it operates at a very low voltage 

(0.3V) with admittedly easily-storable and 

available, methanol.  To operate, it requires 

high loadings of platinum-ruthenium alloy 

anodes, and its platinum cathode perform-

ance is strongly degraded by cross-over of 

unreacted methanol through the mem-

brane to the cathode, which also wastes 

perhaps 20% of methanol fuel.  Small sys-

tems require specialized pumps and delivery 

systems, and require provision of liquid water 

at the anode for both proton conduction 

and the electrochemical oxidation of 

methanol itself.  Ideally, this water may be 

recirculated from product water at the 

cathode.   

 

 

 

 ALKALINE FUEL CELLS (AFCS) 
 
 The “modern” AFC dates to the years be-

fore World War II, when the well-known Brit-

ish turbine and boiler engineer Francis 

(‘Tom’) Bacon of Parsons, Ltd. devised a cell 

using high pressures (to obtain high reaction 

rates) and high temperatures (within the lim-

its of performance of readily-available ma-

terials) to allow the use of non-platinum 

catalysts (nickel, with electrodes fairly similar 

to those used in the MCFC, but with succes-

sively fine, then coarse gas-side porosities.  

Operating at 200°C in what was essentially 

molten KOH on pure hydrogen and oxygen 

at 45-50 atm. pressure, it gave excellent per-

formance (0.8 A/cm2 at 0.8 V, 6.4 kW/m2), 

and was intended to be a utility load-

leveling unit, operating on electrolyzer 

gases.  It was licensed by Pratt & Whitney 

Aircraft for the Apollo moon program in a 

modified form (the 1.5 kW PC3A-2, 260°C, 4 

atm. pressure for safety and weight reasons).  

Because of the high operating temperature, 

the latter had a limited lifetime, correspond-

ing to that of each moon mission.   

 

It was succeeded in the NASA program by 

the Space Shuttle PC17-C unit, also operat-

ing at about 4 atm., but at 85±5°C with high 

loading 10 wt % platinum-90 % gold cath-

odes (20 mg/cm2) on gold-plated nickel 

screen supports, and 80 wt % platinum-20 wt 

% palladium anodes on silver-plated nickel 

screens, with gold-plated magnesium bipo-

lar plates.  Its KOH electrolyte was retained 

in crysotile asbestos-type mineral fibers, and 

porous nickel reservoir plates were provided 

to accommodate electrolyte volume 

changes.  Dielectric liquid cooling was pro-

vided, and product water separation oc-

curred in the hydrogen fuel recirculation 

loop.  Its 32-cell, 465 cm2 area stack gave 

0.86 V at 0.47 A/cm2 (4.0 kW/m2).  Initially, 

two stacks were provided per unit, but later 

a third was added.  To give redundancy, 

three systems per orbiter were installed.  All 

were refurbished after each mission. 
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The man-rated space systems gave the 

general impression that the AFC was an ex-

pensive and specialized system, however, 

Kordesch at Union Carbide (Cleveland, OH) 

and Justi and Winsel (Siemens, Erlangen, 

Germany) in the 1950s showed that an at-

mospheric-pressure hydrogen-air alkaline 

system could work very effectively, with the  

proviso that carbon dioxide must not be pre-

sent in the fuel or oxidant unless means of 

purification or replacement of the electro-

lyte were used.   

 

The aggressive nature of alkali was much 

less than acid, which enables a broader 

range of catalysts to be used. Very high sur-

face area (Raney) nickel could be used at 

the cathode instead of high-surface-area 

platinum, with high surface area active car-

bons, silver, and iron and cobalt macrocyc-

lics, such as heat-treated cobalt tetra-

phenoxymethyl porphyrins on carbons, at 

the cathode.  These essentially mimicked 

the compounds in biological oxygen reduc-

tion.  Using concentrated aqueous potas-

sium hydroxide (KOH) as electrolyte, cells 

could be constructed with excellent con-

ductivity, and with careful design, electro-

lyte circulation to radiator containing stable 

materials could be used for cooling.  The 

water formed at the anode of the AFC 

would dissolve in the  electrolyte, and pas-

sively exit as vapor from the cathode, which 

had by far the greatest gas supply from air, 

as water vapor, the electrolyte concentra-

tion being allowed to reach its own equilib-

rium.  In principle, this opened up a whole 

new possibility for the low temperature fuel 

cell.  The perceived disadvantages were the 

fact that relatively pure (industrial-grade) 

hydrogen was required as fuel, and air 

would require chemical treatment to re-

move the approximately 350 parts per mil-

lion of carbon dioxide to avoid contamina-

tion of the electrolyte.  However, if the KOH 

electrolyte had a common circulation, it 

could be replaced after a reasonable num-

ber of hours use, as with IC engine oil, then 

reprocessed.  A further factor, however, was 

the common circulation.  In a stack of cells 

whose voltage accumulates by addition, a 

common circulation means that the electro-

lyte entering the stack is displaced by many 

volts from that exiting, which means that 

secondary reactions, such as gas evolution 

and corrosion, may occur.  In practice, this 

means that the number of cells in a given 

circulation system and its individual heat ex-

changer (radiator) must be limited to about 

100 (with good circulation electrical design) 

to avoid such problems.  This has been fortu-

nately known since the time of the experi-

mental systems produced by Alsthom 

(France) and Exxon during their collabora-

tion in the 1970s. 

 
AFCs can be monopolar or bipolar.  Mo-

nopolar systems may be easier to build, but 

they suffer from the problem of electrodes 

with edge collection of current, which 

means that there is a cumulative resistance 

effect (voltage drop) between the center 

and edges of an electrode. The result is a 

lower average current density over the 

whole electrode surface at a given current 

density.  This effect becomes more serious as 

electrode dimensions increase.  The original 

Alsthom-Exxon system with approximately 

400 cm2 cells was bipolar, which should in 

principle have allowed a much better elec-

trode efficiency.  However, the bipolar plate 

used was a graphite-polypropylene com-

posite sheet co-molded with a polypropyl-

ene frame incorporating channels and 

manifolding for the anode and cathode 

gases and the KOH electrolyte circulation.  

This plate had a high electronic resistance, 

which limited performance.  The frame was 

also very large in overall area compared 

with that of the active cell, which was effec-

tively 20 x 20 cm (400 cm2) in area.  This area 

was only 43% of that of the overall frame (32 

x 29 cm). 
 

The present Cygnus Atratus System de-

scends from that of ELENCO (a Belgium 

Company owned by the Belgian company 

Bekaert and by Dutch State Mines until 1995, 

when its financing terminated).  It emerged 

as Zetec, then Zevco until 2001, which was 

caught in the 9/11/2001 financial trap be-

cause its expected financial closure with 

major investors was to occur when the mar-

kets became closed.  
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From the viewpoint of the usual pitfalls of 

AFC technology, which include water rejec-

tion, cooling, the problem of circulating cur-

rents, internal gas-electrolyte pressure regu-

lation, and materials, the ELENCO-Zevco-

Zetec technology worked extremely well, 

and showed multiple-year lifetimes.  All this 

experience is re-used in the new              

technology. 

 

The company has recast the old monopolar 

system to allow a much more advanta-

geous highly-conducting bipolar system, 

which started with inspiration from the 

Alsthom-Exxon stack.  The system uses a 

completely redesigned inexpensive polymer 

frame to supply the fuel and oxidant and 

the electrolyte, in different geometry from 

the original, within which the active area of 

the 400 cm2 cell occupies about 65% of the 

overall area.  Since in the AFC with low-cost 

electrodes the frame is a major part of the 

overall system cost and complexity, we con-

sider this to be a major technology break-

through.  For the moment, the company in-

tends to use platinum-carbon-based elec-

trodes, since their materials are commer-

cially available and the resulting system is still 

highly cost-competitive.  However, in the 

future less costly non-platinum-metal elec-

trodes will be offered.  The system offers a 

per kW cost based on the assumption of the 

use of hydrogen fuel much less than that of 

other fuel cell systems. 

 

 CONCLUSION:  
LOW COST ALKALINE FUEL CELL 
PAFCs, MCFCs, and SOFCs are designed to 

operate on commercial natural gas fuel, 

which today is inexpensive ($2.67/MMBTU in 

mid January 2012, compared with $15 in the 

wake of Hurricane Katrina in 2005, com-

pared with $15.50/MMBTU for crude oil at 

$100/barrel on the same date).  Their overall 

efficiency is usually based on their natural 

gas fuel input.  They can use unrefined (but 

desulfurized) natural gas as fuel, which does 

still require chemical processing (usually at 

less than 100% efficiency) to produce mixed-

gas hydrogen feedstock before use.   

However, one proviso is required here.  If the 

fuel cell stack feedstock is an H2/CO2 mix-

ture, only about 75% of its hydrogen can be 

used in the fuel cell stack, compared with 

essentially 100% for pure hydrogen, so that 

the economics of clean-up compared with 

those of fuel utilization require comparison.   

 

The alkaline fuel cell requires industrial-grade 

hydrogen (and CO2-scrubbed air) as reac-

tants.  This could be provided by a natural 

gas plant with subsequent purification, but it 

should be considered as a system which is 

best used with a source of waste domestic, 

farming, and industrial (including lumber-

waste) products.  Landfill requires costly col-

lection of fuel, which after 20-30 years may 

produce anaerobic biogas (diluted meth-

ane) which still requires processing to pro-

duce a fuel cell fuel.  Because of the cost of 

waste collection and disposal, this still has a 

selling price to be passed on to the fuel user.  

Here, the AFC is regarded as a direct user of 

waste, without the cost of disposal, so that 

the cost of the industrial-quality hydrogen 

produced should be low or even negative.  

Given the low capital cost of the alkaline 

fuel cell developed by Cygnus Atratus com-

pared with competing technologies, a low 

cost of electricity from hydrogen from waste 

will result. 

 

Prof Appleby is seen here (centre) with the 

two electrochemists who developed the   

Cygnus Atratus alkaline fuel cell, Prof P Hugh    

Middleton (left) and Nicholas M Abson.     
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At a meeting organized by the Institution for 

Energy and Technology (IET), representa-

tives from the industry examined the role for 

hydrogen and fuel cells in rapidly growing 

world markets.  

  

Dr Graham Cooley of ITM Power asked the 

question ‘Why use hydrogen vehicles?’ Ac-

cording to the McKinsey report entitled Port-

folio of Power Trains for Europe, battery elec-

tric vehicles (BEVs) are best used in urban 

areas and Plug in Hybrid Electric Vehicles 

(PHEVs) and Fuel Cell Electric Vehicles 

(FCEVs) will be more suitable for longer dis-

tance driving, with long range, high speed 

and fast refuelling. Data from Toyota indi-

cated that, based upon hydrogen pro-

duced from natural gas, the well to wheel 

efficiency of FCEVs is double that of the 

i.c.e. vehicle.  Another advantage of the 

FCEV is that the hydrogen fuel can be 

stored when demand for electricity is low, 

while PHEVs often require electricity at times 

of peak demand. 

 

A major UK renewable energy project, 

called EcoIsland, is taking place on the Isle 

of Wight. A total of twenty FCEVs will be op-

erating on EcoIsland, which will include four 

from the UK based company Riversimple 

and four from Hyundai.  Hyundai started lim-

ited production of 1,000 FCEVs this year and 

they plan to increase this to 10,000 per an-

num from 2013.    

 

EUROPEAN HYDROGEN  
INFRASTRUCTURE  
 
The Hydrogen Mobility programme 

(H2Mobility) started in Germany, where 

1,000 hydrogen refuelling stations are 

planned.  This is being followed by UKH2Mo-

bility, which is making its first report at the 

end of 2012.      Other countries like Den-

mark, which is aiming for 100%                

green energy, are becoming involved.                                        

The UK Technology Strategy Board is invest-

ing £9 million and the Knowledge Transfer 

Network (KTN) has a map on their website 

illustrating the position of existing and 

planned filling stations. 

 
LOW DEMAND ELECTRICITY 
CREATES LOW COST  
HYDROGEN 
 

ITM is focussing on the use of renewable hy-

drogen.  In September, wind comprised 8% 

of UK energy generation, the equivalent of 

20% electricity capacity.  Sometimes when 

demand was low, it had to be turned off, 

which cost 21p per kilowatt hour (kWh) for 

85 megawatt hours (MWh) of unwanted ca-

pacity. provided by continuously operating 

base load 

 

 

UK peak winter demand for electricity is 

60GW, of which about half is generators 

shown in blue.  

 

 Variable demand is met mainly by ‘mid-

merit’ generators which function ineffi-

ciently, rather like traffic stopping and start-

ing in a jam.   The peak generators, shown in 

red, are hardly ever used. 

  

MARKETS FOR HYDROGEN AND FUEL CELLS 
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In any one day only about 40% of UK power 

plant is  utilised.  The storage of electricity 

turns mid merit plant into base load: when 

there is no demand for electricity, the elec-

trolyser is turned on and the plant can oper-

ate continuously producing hydrogen.   The 

cost of the hydrogen is 3.5p/kWh, which is 

lower than the cost of diesel.   Sufficient can 

be stored to provide power for several days, 

or longer if required by adding another tank. 

If more than two hours storage is required, 

hydrogen can be more cost effective than 

batteries.   Excess hydrogen can also be 

sent to the gas board for injection into the 

gas grid.  ITM’s 80 bar electrolyser has a re-

sponse time of one second, which makes it 

easy to plan the use of energy.  

 

GOVERNMENT BACKING FOR 
HYDROGEN AND FUEL CELLS 
 

Richard Kemp-Harper of the UK Technology 

Strategy Board (TSB) said that they are an-

nouncing a schedule for manufacturing, 

including scaling up and cost reduction. 

There is funding up to £1m for feasibility stud-

ies to reduce the investment risks. There are 

also funds for setting up European partner-

ships.  TSB is funding an increasing number of 

UK companies developing hydrogen and 

fuel cell technologies, including Intelligent 

Energy, Johnson Matthey, Acal Energy, Rolls 

Royce, Microcab, Riversimple, Logan En-

ergy, AFC Energy, Arcola Energy and UPS 

Systems.    They are also backing major pro-

jects in Aberdeen, London and the Isle of 

Wight.   So far, six refuelling stations are 

planned in the UK and there are further op-

tions to extend the hydrogen infrastructure 

on a national level. 

 

RAPIDLY EXPANDING GLOBAL 
MARKETS  
 

Marge Ryan of Fuel Cell Today outlined the 

rapid developments taking place in global 

markets for hydrogen and fuel cells.  They 

are meeting the need for better back-up 

power to replace diesels, which are dirty 

and batteries, which have limited storage 

capacity. Smaller stationary fuel cell systems 

are being widely deployed in Japan and 

Germany and markets are growing for 

highly efficient larger fuel cells.  Thousands 

of portable fuel cells have been sold by 

EFOY to commercial markets.  Air Liquide 

and BOC are providing hydrogen for trucks 

and planes. Fuel cells for 4,000 forklift trucks 

have been supplied by GenDrive and appli-

cations for road transport have started with 

scooters, buses and cars. For all types, sta-

tionary, portable and transport, there was 

39% growth in 2011 to 24,600 and 220% 

growth to 78,000 is expected in 2012.    

Europe is focussing on fuel cells for transport 

and Asia and America on stationary fuel 

cells. South Korea’s Renewable Portfolio 

Standard gives fuel cells the highest rating.  

The number of fuel cell systems shipped 

worldwide every year is expected to con-

tinue increasing. There is a large potential for 

fuel cells in telecommunications.  Influencing 

factors will be the market penetration of 

portable chargers, return to growth for auxil-

iary power units (APU) and the price of natu-

ral gas and feed-in tariffs, which will affect 

micro-CHP.   John Lidderdale of Logan En-

ergy suggested that places that don’t have 

an existing infrastructure might proceed 

faster. 

 

DISPLACING CONVENTIONAL 
POWER GENERATION 
 

Ian Williamson of AFC Energy said that fuel 

cells are a disruptive technology which will 

displace conventional power generation 

They are more efficient at all levels of utilisa-

tion as there is no combustion or intermedi-

ary mechanical steps. They are quiet and 

clean at point of generation and produce 

water rather than consume it. Water, heat 

and exhaust air have considerable local 

value.  Wholesale prices for electricity range 

from £54 to £55 per megawatt hour (MWh).  

For the Grid it is £65 - £75 and the UK domes-

tic price is £130 to £145/MWh.  AFC is aiming 

for niche markets, starting with the industrial 

sector. Stationary fuel cells have no size or 

weight limitations unlike applications in  

transport.     
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 MUNICIPAL AND INDUSTRIAL 
WASTE  
 

In the UK there is 60million tonnes of carbon 

based waste per year, the equivalent of 

15,000MW of electricity operating.  The use 

of fuel cells can increase the output of 

waste-to-energy plants by 50%.   The Chlor 

Alkali industry produces the equivalent of 

£300m electricity as hydrogen per year.  

AFC distributed power systems range from 

160 – 200 kW, with a pilot production plant 

costing £180,000.  AFC will own and oper-

ate the small scale plants, selling energy 

not fuel cells.   The Industrial Chemicals 

Group (ICL) produces a tonne of waste hy-

drogen per day and is planning to use AFC 

fuel cells to install up to 1 MW of electricity 

generation to provide power at below grid 

prices.  AFC is working with AkzoNobel,  Air 

Products and Linc Energy. 

 

 

GLOBAL MARKETS FOR CON-
SUMER ELECTRONICS, TRANS-
PORT AND PORTABLE POWER 
 

Dennis Hayter of Intelligent Energy ex-

plained that their markets are for consumer 

electronics, transport and portable power.  

They are working with other companies 

which have an established route to com-

mercialization.  In conjunction with Suzuki 

they have set up Smile FC System Corpora-

tion to develop and manufacture fuel cell 

systems for a range of industry sectors.    

New markets are opening up as Japan 

aims for two million fuel cell vehicles and 

Korea prepares to supply 20% of the world’s 

fuel cells.      

 

China and North America are leading in 

this field. California’s roadmap is for sixty-

eight hydrogen fuelling stations in key loca-

tions supplying 20,000 vehicles by 2015.  

Germany leads in the EU, with fifty refuelling 

stations announced, around two hundred 

retail stations planned for 2015 and over 

seven hundred for 2020.  

 

This hydrogen fuelling station in China is 

used by fuel cell buses and cars.                                                    

                                                  

 
UK HYDROGEN INFRASTRUC-
TURE BUILT IN THREE PHASES 
 

Intelligent Energy’s London taxi is seen here 

in operation during the 2012 Olympic 

Games.   

 

UK H2Mobility involves the major automo-

tive companies, Daimler, Hyundai, Vaux-

hall, Tata, Toyota and Nissan.  Refuelling 

stations will be built in clusters.  The first will 

be built in major population centres, which 

will be linked by 2020.  The next stage will 

be to extend close-to- home refuelling for 

70% of the population and coverage of all 

major roads.   
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The aim is to cover the whole of the UK by 

2030, by which time it is expected to have 6 

million hydrogen fuel cell vehicles on the UK 

roads.   In reply to a question, Dennis Hayter 

said that the cost of hydrogen is projected 

to be equivalent to that of gasoline by 2018, 

as the hydrogen is increasingly obtained 

from waste and also by load levelling for 

renewables. 

 

FUEL CELLS FOR UNMANNED  
AERIAL VEHICLES (UAV) 
 

 

Kevin Kendall of Adelan outlined the various 

programmes for fuel cells for aerospace. It 

started with Pratt & Whitney who utilised Fran-

cis Bacon’s alkaline fuel cell. Recently Boeing 

and Intelligent Energy used compressed hy-

drogen to power a UAV.  EADS Cryoplane is 

powered by liquid hydrogen, while the Boeing 

Phantom uses liquid hydrogen with an engine.  

The Aerovironment UAV is powered by photo-

voltaics and hydrogen.    

 

Adelan has developed a prototype powered 

by propane fuelled SOFC and lithium batter-

ies. The 250W fuel cell has a stack weight of 2 

kgs. UAV applications are for surveying, bor-

der patrol and security.  In the UAV industry, 

combustion is being replaced by electrics but 

at present flight is limited to one hour. Liquid 

hydrogen is suitable for large planes, but for 

UAVs propane with SOFC provides the best 

performance, with a lithium battery to give 

peak power for take-off.  Adelan will fly their 

UAV in the UK in 2013, with the support of the      

Technology Strategy Board.    

 
BRIDGING THE ENERGY GAP 
 

John Jostins of Microcab said that the world 

is in the process of changing from fossil fuels 

to hydrogen from renewable sources.  The 

energy gap is leading to rising prices, inse-

cure energy supplies and economic instabil-

ity.    The C02 produced by fossil fuels is also 

having an impact on the environment. 

 

 

 Microcab’s latest hydrogen fuel cell vehicle 

is the H2EV, which is based on 12 years of 

hydrogen fuel cell vehicle development. 

The H2EV can be manufactured in units of 

5,000 or more. The Lotus built aluminium 

chassis weighs only 65 kgs.  It is a hybrid de-

sign with a 3kW Horizon fuel cell and a new 

DC/DC convertor from Arcola Energy.  It has 

a 4.3 kWh lithium battery and two 13kW mo-

tors. Microcab’s on road trials start with ten 

vehicles in October 2013, when a total of 

ninety hydrogen fuel cell vehicles take part 

in a European demonstration. There are lim-

itless supplies of hydrogen in the UK - Scot-

land is the Saudi Arabia of renewables! Mi-

crocab Scotland was formed earlier this 

year.   

 

HYDROGEN REPLACING LIQUID 
FUELS 
Transport is changing, with  problems of con-

gestion, resource depletion and the need to 

reduce emissions. We are starting the electri-

fication of drive trains, with new models of 

ownership and new ways of planning for the 

journey. The changing transport system will 

include alternative business models, non-

motorized transport, more cycling and walk-

ing, autonomous vehicles, smaller cars and 

car clubs.   

 

 Nigel Holmes of the Scottish Hydrogen and 

Fuel Cell Association said that hydrogen will 

improve air quality in London - the Maryle-

bone Road is one of the worst polluted in 

Europe.   In reply to a question about using 

an i.c. engine with hydrogen, John Jostins 

said that the efficiency of the engine is too 

low.  
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MEETING THE REQUIREMENTS 
OF GLOBAL CUSTOMERS 
 
John Lidderdale said that Logan Energy has 

been installing fuel cells around the world 

since 1995. They are not manufacturers but 

are technology neutral and have installed 

Phosphoric Acid Fuel Cells (PAFC), Molten 

Carbonate Fuel Cells (MCFC), PEM units from 

various manufacturers, a single SOFC and 

they have a new project with Ballard to install 

their 1MWe Proton Exchange Membrane 

(PEM) fuel cells.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In Cologne this 200kW PAFC powered by an-

aerobic digester gas has operated for eight 

years with availability of 93%.   Logan Energy 

has current contracts to install two 300kW 

MCFC in London, one in Regent Street and 

the other in Fenchurch Street. Electrical effi-

ciency is over 47%, plus extremely good heat 

and air conditioning.   The annual savings 

under the carbon reduction commitment 

(CRC) for 600 tonnes C02 saved will be 

£18,000 at £30/tonne up to £42,000 at £70/

tonne. Annual energy cost savings are pro-

jected to be £210,000. There has been no 

subsidy since 2008. A 1.4MWe system will be 

installed in London in 2014.   

 

The UK is not doing enough about air quality.  

The non-domestic use of electricity is rising by 

11% per year, which could be generated 

with extremely low emissions by fuel cells.  

 

Four of Logan’s recent large scale projects 

and two at the design stage are not de-

pendent on subsidy.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the USA, a 900kW MCFC at Sierra Nevada 

Brewing Co. is powered by digester gas. In 

South Korea a 5.6 and an 11.2 megawatt 

electricity plus heat (MWe) MCFC have been 

installed.   Logan Energy supplies fuel cells 

from 1kW up to megawatts. They not only 

generate electricity and heat, but quad gen-

eration can also provide cooling and         

hydrogen production.  

 

CUTTING FUEL USE AND        
CARBON EMISSIONS 
  

Fuel cells have the highest efficiency of any 

technology and Logan Energy has the experi-

ence to achieve the best results for their cus-

tomers. They cut energy use and reduce car-

bon emissions by between 40% and 100%, de-

pending on the fuel.    
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EFFICIENCY OF FUEL CELL MICRO 
COMBINED HEAT AND POWER 
(MCHP) 
 

Jeremy Harrison of EON explained the alter-

natives for power generation. Central power 

plant generates 45% of useful energy, com-

bined heat and power systems 80% and mi-

cro CHP up to 90%. The central distribution of 

electricity has losses of at least 55%.   Even if 

there is district heating there are losses.  The 

losses for micro CHP 

are only 10%. 

 

 

 

 

 

 

 

 

 

 

 

 

              

 

Fuel cell micro CHP (mCHP)  is the most effi-

cient way of generating electricity.  In a 

home the CHP unit is powered by the same 

gas supply as a boiler.  Homes can utilise the 

gas network to generate their own electricity 

and heat.  The gas network will evolve with 

‘green’ gases which will require low invest-

ment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Stirling engine only generates 10% elec-

tricity, the rest is heat and losses.  

 

The Solid Oxide Fuel Cell (SOFC) can gener-

ate 60% electricity, with 30% heat and 10% 

losses.  Householders will have the benefit of 

electricity worth 12p per unit (kilowatt hour) 

rather than gas worth 3p. There will equally 

be reductions in C02 emissions.   

 

Japan has a different fuel cell system which 

generates more heat.  The UK potential for 

micro fuel cell CHP is up to 24 Gigawatts 

(GWe). It can make use of the existing gas 

infrastructure and route to market, as 1.5 mil-

lion gas boilers are sold annually.   EON is 

working with CFCL which will provide the 

SOFC. In the UK, Ceres Power has a 1kW 

SOFC.  Electricity will be used more for elec-

tric vehicles and to power heat pumps. 

 

 

 

HOW MICRO CHP (MCHP)  
SUPPORTS HEAT PUMPS 
 

The peak winter demand for heat is up to 

three times greater than that for electricity, 

requiring nearly 120 gigawatts.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The unmitigated cost of heat pumps to re-

place gas boilers would therefore be prohibi-

tive. Energy efficiency measures and the de-

ployment of micro CHP will be essential.  
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PEM FUEL CELLS 40,000 HOURS 
OPERATION 
David Wardle of Ballard Power Systems said 

that they have four markets for their Proton 

Exchange Membrane (PEM) fuel cells:  back 

up; distributed generation; mechanical han-

dling; and transport.   Costs are reducing dra-

matically and performance is no longer an 

issue. There has been a 60% cost reduction 

since 2008 and lifetime operation has in-

creased to 40,000 hours. To date, Ballard has 

shipped 150 MW of fuel cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ballard’s larger scale system, over 1000 kW, is 

the ClearGen, which is now operational. For 

transport,     they have 40 buses and 300 cars 

in operation with lower total costs and lower 

environmental impact. It is planned to have 

100 buses operational in 2013.  

 

 

 

The fuel cells operate in all conditions, unlike 

batteries and diesel engines which don’t like 

low temperatures.  Ballard is aiming to halve 

the costs for telecom by improvements to the 

balance of plant.   During the past two years, 

they have bought Dantherm Power and 

Idatech.  

 

 

 

ARCOLA INVOLVING THE PUBLIC 
IN FUEL CELL LAUNCH 
 
Ben Todd outlined the role of Arcola Energy, 

which supplies fuel cells from 1W up to 10kW, 

as well as hydrogen. Horizon Fuel Cell Tech-

nologies supplies 12Wh hydrosticks, which 

can store hydrogen from onsite renewable 

energy sources, from wind or solar power. In 

the UK Arcola supplies the fuel cells for River-

simple and Microcab’s vehicles.   The UK 

could take the lead with mass customization 

of hydrogen and fuel cells.  Ben Todd aims to 

get people involved, with top quality design 

and marketing.  

 

 

To know more about the IET’s  future 

Fuel cell events please contact 

 Veena Gupta at The IET. 
 

For the electricity generators, the wide deployment of mCHP adds value to the energy sys-

tem. It contributes to the Short Term Operating Reserve (STOR) enables carbon displace-

ment, improves frequency response and avoids network costs. 

mailto:vgupta@theiet.org
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A full schedule is planned for the 9th  Interna-

tional Fuel Cell and Hydrogen Conference, 

Partnering and Exhibition on 20th – 21st March 

at the National Exhibition Centre in   Birming-

ham, UK.  Fuel Cell & Hydrogen 2013 covers 

all aspects, from materials research to ramp-

ing up production. 

  

The conference is significant in bringing to-

gether UK and EU projects on Hydrogen and 

Fuel Cells as 2014 approaches with the immi-

nent prospect of launching applications in 

automotive, building and portable sectors of 

the energy market. In addition the confer-

ence looks outwards towards Asia where ur-

gent demands for renewables, energy stor-

age, clean transport and more efficient gen-

eration are appearing.      Parallel sessions 

are in place to consider the UK infrastructure 

in academic research on materials and proc-

esses, the requirements of the manufacturing 

industries and the student training pro-

grammes now underway across the EU. The 

total value of these efforts is approaching 

2bn euro. 
 

EMERGENCE OF FUEL CELL  
HYDROGEN VEHICLES   
The key priority is to consider the 2015 emer-

gence of Fuel Cell Hydrogen Vehicles 

(FCHVs) from many global manufacturers 

(Nissan, Mazda, Honda to name a few). The 

way in which these fleets are rolled out will 

have a strong influence on the public per-

ception of FCHV technology and on the fu-

ture prospect for commercial success.       

Microcab, based in Coventry, UK, will display  

their H2EV. It is estimated that the average 

power requirement of an urban van is 20% 

that of the peak demand.  Microcab uses a 

small fuel cell hybridised with a lithium battery 

pack which provides the peak power.  At the 

same time, refuelling infrastructure expansion 

needs to be addressed to ensure that suffi-

cient hydrogen dispensers are in position in 

the UK, Germany, Scandinavia etc as con-

sumers buy into the new efficient, clean 

technology. Linkages between the key com-

panies Air Products, Linde, ITM Power and Air 

Liquide will be outlined on the first day of the 

conference.  

 

FUEL CELLS IN BUILDINGS  
Stationary fuel cell installations in buildings is 

the second most important market in which 

larger numbers of FCH generators will be 

demonstrated by 2015, especially in domes-

tic houses where distributed generation by 

local CHP units will be described. Running on 

natural gas has been the first objective, with 

power to heat ratios of up to 60% achieved in 

certain products, ideal for the low-heat hous-

ing of the future.  
 

PORTABLE POWER 
Portable power for phone-chargers, leisure 

activities and back-up devices is the third 

area to be considered on the opening day 

of the conference. Fuels such as methanol, 

propane and hydrides will be discussed and 

contrasted.  

 

MATERIALS DEVELOPMENT, 
GREEN HYDROGEN 
Parallel sessions will address in detail the fun-

damental needs of the FCH community:-  

materials development, green hydrogen in 

transport, and hydrogen production, storage 

and delivery. There will be several presenta-

tiona on new materials for SOFC and AFC, as 

well as replacing platinum by nanostructured          

materials. Academic results will be presented 

in a poster session comprising around 50    

papers from PhD projects.  

FUEL CELL & HYDROGEN 2013  
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PROGRAMMES IN EUROPE, USA AND ASIA  
The second day will emphasise the novel fuel cell and hydrogen concepts which are progress-

ing internationally. The objective is to look forward to the 2020 vision programme running from 

2014 to 2020 in the EU and compare this to comparable long-term actions in the USA, China, 

Korea and Japan. In addition, the PhD student training programmes across the EU will be linked 

together with the industry contributions to future development.  

 

FUEL CELLS FOR TRANSPORT, CHP AND PORTABLE POWER 
The conclusion of day 2 will be the overview of the current position of FCH technologies, the 

approach to the 2015 vehicle emergence, the growth of fuel cell CHP and portable power 

and the prospect of further innovations during the next phases of RD&D.  

www.climate-change-solutions-co.uk 

 

EVENTS 
 

20th—21st March 2013 

2020 Hydrogen & Fuel Cell Economy.  

The 9th International Conference, Exhibition 

and Partnering Event will be held for two 

days in Birmingham, UK. It will include re-

newable energies for hydrogen production. 

www.climate-change-solutions.co.uk 

 

8th –12th April 2013, 

Group Exhibit Hydrogen + Fuel Cells 

 Hannover Fair, Germany. Includes Europe’s 

largest hydro-gen and fuel cells exhibition. 

www.h2fc-fr.com 

 

22nd—23rd May 2013, 

All Energy 2013, 

Aberdeen, Scotland. The largest UK renew-

able energy event includes sessions on  

hydrogen and fuel cells. 

www.all-energy.co.uk 

 

16th—19th June, 2013, 

Hydrogen + Fuel Cells 2013 , 

Power, Transportation and Energy Storage: 

An Industry on the Move. Vancouver,  

Canada. www.hfc2013.com 

 

2nd—5th July 2013, 

4th European PEFC & H2 Forum, 

Low temperature fuel cells and hydrogen. 

Lucerne, Switzerland. www.efcf.com 

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.org.uk 


