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The transition from combustion to clean
electrochemical energy conversion
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The transition to renewable energy requires
energy storage. Hydrogen and fuel cells are
being established around the world, storing
the intermittent energy from solar, wind and
marine sources. The new hydrogen energy era
is welcomed in Scotland where the
Levenmouth Community is generating its own
energy.
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The electrochemical process in hydrogenoxygen fuel cells creates no harmful emissions,
only pure water. It also separates the carbon
dioxide emitted if hydrocarbons are used to
power the fuel cells.
Ethanol fuel cells are being introduced to
utilise energy from landfill, agricultural or
forestry waste. Communities can utilise their
own resources to generate electricity and
heat.
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NEW HYDROGEN ENERGY ERA
The successful installation of hydrogen technologies at the Levenmouth Community Energy Project represents the dawn of a new
energy era, according to specialists Logan
Energy. The Edinburgh-based company has
designed, supplied and installed a state-ofthe-art hydrogen-based energy storage system and two mobile hydrogen vehicle refuelling units at Methil, in Fife, Scotland. The
renewables industry is becoming increasingly
important to energy supply. Scotland has recently produced more electricity from
renewables in a single day than it used. However, energy storage is required to match
production with demand.
Hydrogen has been demonstrated at Levenmouth to be a significant resource for both
electricity and heat requirements, as well as
a sustainable zero emission transport fuel
which can drive the energy sector through
the global clean energy revolution.

The energy balancing system comprises a
250kWe Proton Exchange Membrane (PEM)
Electrolyser, a gas storage arrangement and
a 100kWe PEM fuel cell. Coupled with a
smart control system, the energy balancing is
achieved by generating and storing hydrogen when there is excess renewable energy
available. The hydrogen is then used to
power the fuel cell to provide power to the
private wire network at times when there is
insufficient renewable energy being generated. The mobile refuelling units are selfcontained modules, based upon ISO shipping container dimensions, so they can be
readily transported and easily relocated from
site to site. These are used to refuel Europe’s
largest fleet of hydrogen hybrid vehicles
which includes vans and refuse lorries.

RENEWABLES FOR BOTH
STATIONARY POWER AND
TRANSPORT
Bill Ireland is CEO of Logan Energy which is
also responsible for the installation of over
1.1MWe of fuel cell based clean energy
technology in the UK. He said: “At the Levenmouth Community Energy Project we have
delivered what many visionaries have been
talking about for some time and shown that it
can be integrated into the existing energy
systems for both stationary power and transport needs. The drive for increasing our reliance upon renewable technologies is not
new but the economic need to do so, and
means to time shift energy, has never been
more pertinent. The work we have completed at Levenmouth is a true first and highlights the power of hydrogen as a standalone
multisector energy resource that also supports existing energy networks. This is a milestone in the energy sector and marks the
practical delivery of a new hydrogen based
energy era.”

With Scottish Government support, Logan
Energy has assisted the traditional service industry to develop their existing skill sets to support this rapidly growing sector and, on the
back of new global projects, the company is
set to build on this knowledge base. Logan
Energy has a vast amount of experience designing, installing, commissioning and maintaining fuel cell and hydrogen energy
systems in the UK and Europe.
Levenmouth Community Energy Project
comprises Bright Green Hydrogen Ltd along
with Fife Council, Toshiba, Leven Valley Development Trust, Fife College, BOC (for hydrogen transport), Green Business Fife, Community Energy Scotland, and the Scottish Hydrogen and Fuel Cell Association (SHFCA).
www.logan-energy.com
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BLOOM ENERGY FUEL CELL
MICROGRID FOR CITY OF HARTFORD
The City of Hartford, Constellation and Bloom
Energy have announced the completion of a
microgrid that will generate clean energy,
manage electricity costs and supply emergency power for public buildings and businesses in the city’s Parkville neighborhood.
Hartford Mayor Luke Bronin, said “I’m proud
that Hartford is home to one of Connecticut’s
first fully operational microgrids powering vital
community services on a daily basis with
clean, affordable energy. This project
strengthens Hartford’s energy infrastructure
while reducing costs and making our City
more sustainable, and I am grateful to the
State, Constellation and Bloom Energy for
their partnership.”
The 800-kilowatt fuel cell microgrid system
generates 100% of the electricity for Hartford’s Parkville Elementary School, the Branch
Library, Parkville Senior Center and Health
Center. If there’s an electrical grid outage,
the microgrid will provide emergency power
to these locations as well as a local gas station and grocery store, so that residents can
purchase essentials. Excess power generated
by the system will reduce electricity costs at
four local schools.

state agencies, Parkville’s community, local
utilities and numerous engineering and construction firms. “As a competitive energy supplier, Constellation aims to provide business
and government customers energy options
that enhance operational efficiencies, resiliency and sustainability,” said Gary Fromer,
senior vice president of distributed energy at
Constellation. “We applaud the City of Hartford and our project partners for their commitment to microgrid development and the
state of Connecticut for creating publicprivate initiatives that support the development of innovative solutions.” The operation
of the microgrid can be seen in a video at:
fuel cell microgrid
Bloom Energy servers operate cleanly and
quietly at shopping centres, hospitals, schools
and colleges. They can be fitted into premises where space is limited. Each Bloom Energy Server with the footprint of a parking
space provides 200 to 250kW of power for
customers.

POWER PURCHASE
AGREEMENT AT OR BELOW
CURRENT MARKET RATES
Constellation, a subsidiary of the Excelon
Corporation, provided engineering, procurement and construction services for the project and operates the microgrid system. The
city will purchase the electricity generated at
or below current market rates through a 15
year power purchase agreement.
The project’s completion was the collective effort of
private and public stakeholders from city and

This Bloom Energy fuel cell plant produces
low carbon energy for NASA.
www.bloom-energy.com
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FUELCELL ENERGY AND POSCO
LAUNCH 20 MW FUEL CELL PARK
FuelCell Energy has launched the 20 megawatt Noeul Green Energy Co. fuel cell park in
Seoul, which was constructed by their South
Korean partner POSCO Energy, The fuel cell
park supplies ultra-clean power to the electric grid and high quality heat to a district
heating system.

Heating Co., the largest heat supplier in
South Korea. This fuel cell park is one of the
many utility-scale fuel cell parks operating in
South Korea, including the world’s largest,
which generates 59 megawatts of ultra clean
power for the electric grid and high-grade
heat for a district heating system. The 59
megawatt project was completed in only 14
months.
The fuel cells use chemistry to convert fuel
into electricity and heat in a highly efficient
process that emits virtually no pollutants as
the fuel is not burned. The combination of
near-zero pollutants, modest land-use needs,
and quiet operating nature of these stationary fuel cell power plants facilitates installation in urban locations where the power is
used.

FuelCell Energy executive management, including the CEO Chip Bottone, joined POSCO Energy executives, Government officials
and customers to celebrate the operation of
this fuel cell park, which was constructed in
just 10 months.
Chip Bottone said “This project exemplifies
the benefits of fuel cell installations by locating the project in the middle of Seoul City,
which enhances grid resiliency as well as supporting environmental initiatives. The fuel cell
park occupies less than two acres of land
and benefits Seoul by generating enough
power for approximately 43,000 Korean
households and heat for approximately 9,000
households. That is a significant supply of energy produced from a very compact footprint, and its generating power in an environmentally-friendly manner benefits South Korea’s air quality.”

GROWING MARKETS FOR
FUEL CELLS
FuelCell Energy’s SureSource™ installations
are operating on three continents, producing
millions of megawatt hours of ultra-clean
power. Customers benefit from operating
cost reductions and enhanced reliability. With high availability and capacity factors, power plants make meaningful contributions to Renewable Portfolio Standard
targets.

The ultra-clean power produced by the fuel
cells is sold to Korea Power Exchange and
the high-quality heat is sold to Korea District
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FuelCell Energy has an agreement with POSCO to immediately commence marketing
the entire suite of SureSource™ solutions in
Korea as well as the broader Asian markets
for the supply, recovery and storage of energy. POSCO Energy will continue to service
the existing installed base of fuel cell plants in
South Korea and will commit to a specified
level of module purchases from FuelCell Energy to supplement its own local manufacturing for servicing their existing fleet.
“Offering our entire portfolio of solutions
throughout Asia aligns well with our growing
list of global customers as well as sizeable
projects with existing customers of POSCO
Energy,” said Chip Bottone of FuelCell
Energy. “We believe FuelCell Energy will be
successful in the significant Asian utility-scale
stationary fuel cell market by now directly
marketing its high quality products,” added
Dong Jun Yoon, President and Chief Executive Officer, POSCO Energy.

REVERSIBLE FUEL CELL FOR
COST EFFECTIVE STORAGE
FuelCell Energy has been awarded a $3.0
million contract by the U.S. Department of
Energy (DOE) to advance the commercialization of cost-effective and clean longduration energy storage.
The project will
further develop FuelCell Energy’s advanced
solid oxide cell technology capable of alternating between electrolysis and fuel cell
power generation mode (reversible SOFC, or
RSOFC) in an energy storage application.
RSOFC systems can produce hydrogen or
other carbon-neutral fuels in electrolysis
mode and later convert the stored fuel to
power in power generation mode.
Long-duration storage applications will become important as penetration of intermittent renewable power increases. Tony Leo of
FuelCell Energy said that the Company is
commercializing reversible solid oxide systems for energy storage. “The capability of
this fuel cell configuration to produce and
consume hydrogen or other carbon-neutral
fuels for energy storage, and to cleanly and
efficiently generate electricity when needed

by the electric grid offers exciting possibilities
for integration of intermittent renewable
power.”
Discharge duration can be increased by
adding more fuel storage, without the need
to increase the number of fuel cells, enhancing the affordability of extended duration
energy storage. “Critical to any storage solution is affordability, which is why the high
round trip efficiency of this reversible fuel cell
and the utilization of a cost-effective energy
storage medium for long durations is so compelling,” continued Mr. Leo.

1.4 MW COMBINED HEAT
AND POWER (CHP) PLANT
FuelCell Energy has agreed to install a 1.4
megawatt fuel cell combined heat and
power (CHP) plant at Trinity College in Hartford, Connecticut, which is projected to save
the institution approximately 30% in annual
energy costs. FuelCell Energy will provide a
turn-key solution including the installation of
the power plant and long term operation
and maintenance. Trinity College will pay for
power as it is produced, avoiding a capital
investment in power generation. With gridindependent operating capabilities, the fuel
cell plant supports future implementation of
a micro-grid for the campus.
The fuel cell plant will generate both electricity and steam from the same unit of fuel, supporting both sustainability and economics,
while achieving overall system efficiency upwards of 70%. Minimizing the use of boilers for
steam reduces operating costs for the College as well as reducing associated emissions
from the combustion-based heating process.
This avoids the creation of pollutants that
burning a fuel generates, and also has a low
carbon footprint. This clean fuel cell installation will annually avoid the emission of approximately 8 tons of nitrogen oxide (NOx), 10
tons of sulfur dioxide (SO2) and more than
2,500 pounds of particulate matter (PM). The
carbon dioxide (CO₂) reduction achieved by
the fuel cell plant will be approximately 4,100
tons per year as compared to the national
grid.
www.fce.com
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PLUGPOWER HELPING AMAZON TO
MEET CUSTOMER REQUIREMENTS
Plugpower has reached an agreement with
Amazon to utilize Plug Power fuel cells and
hydrogen technology in its fulfilment network.
Amazon will begin powering its industrial
equipment such as forklifts using the GenKey
technology which will enable faster charging
times, reduced costs, and support energy
efficiency. Revenues associated with the
commercial agreements are expected to be
around $70 million in 2017.
Andy Marsh, CEO of Plug Power said: "This
agreement will help to support the work
Amazon does to pick, pack and ship customer orders, while it is a tremendous opportunity for Plug Power to further innovate and
grow. Our hydrogen fuel cell technology,
comprehensive service network, and commitment to providing cost-savings for customers has enabled Plug Power to become a
trusted partner to many in the industry."

PROGEN FUEL CELLS FOR
ELECTRIC VEHICLE RANGE
EXTENDERS
Plug Power has shipped the first production
ProGen fuel cell engines for use in electric
delivery vehicles. Through this application,
Plug Power extends its reach into the on-road
electric vehicle market, increasing its served
market for fuel cell products and hydrogen
fueling stations.

shipments will be utilized for on-road trials
and certification. China is an important market for this technology, as it is actively driving
fuel cell and hydrogen adoption within the
country.
"The electrification of the auto market is undeniable," said Andy Marsh, CEO for Plug
Power. "But, common to those who consider
adoption is 'range anxiety' -- that being a
fear that the vehicle will not make it to its
next charge opportunity or have sufficient
range for the application. ProGen eliminates
that stress, and for that reason, we see this
market as large and impactful to Plug
Power's bottom line."

STORING HYDROGEN WITH
GENFUEL CABINETS
GenFuel hydrogen cabinets enable customers
to house hydrogen fuel on site, The fuel cabinets provide storage for multiple standard hydrogen cylinders. Alternatively, the GenFuel
hydrogen cylinder exchange model offers customers a very simple way to ensure continued
runtime for their fuel cell equipment. The cylinder exchange model offers unmatched availability using global providers.
www.plugpower.com

The ProGen engine solution greatly enhances
electric vehicle range, making them a viable
solution for a wide range of applications, including parcel delivery and service trucks,
municipal and government fleets, taxis and
port vehicles. The first deliveries of production
ProGen engines will function as range extenders in electric delivery vans, doubling the
vehicle's range.
ProGen engine shipments for delivery vans in
the China market begin in the 2017. These
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DOOSAN NEW FUEL CELL
MANUFACTURING FACILITY
Doosan Corporation has celebrated the
completion of the construction of its new
10,744-square-meter fuel cell production facility in Iksan, Korea. The company invested
about $36 million in building the facility. A fuel
cell is an electrochemical device that converts hydrogen and oxygen into electricity
and heat through a chemical reaction.
Fuel cells are regarded as environmentallyfriendly devices with high energy density resulting from their compact size, and high capacity utilization rates. Doosan’s Phosphoric
Acid Fuel Cell (PAFC) has proven ten year
stack life and if the grid fails it is capable of
matching power to the building’s needs.
The Iksan Factory is capable of producing
144 units of 440-kilowatt fuel cells per year,
which adds up to an annual production capacity of 63 megawatts, the highest in Korea.
Combined with its fuel cell factory in the U.S.
state of Connecticut, the company will be
able to respond more promptly to global demand.

By adopting an automated production
system for stacks the Iksan Factory has drastically improved product quality and production capacity.
The company has also established a stable
supply and demand system by producing
electrodes, another main fuel cell component that induces a catalyzed reaction of
hydrogen and oxygen, in-house. Previously,
the company depended on overseas suppliers to obtain electrodes.
Hyunsoo Dong, president of Doosan Corporation, said: “With the completion of the construction of the Iksan Factory, we are in a
better position to contribute to the growth of
the renewable energy business and create
jobs in Korea. By partnering with more than
80 domestic suppliers, the company also expects to benefit from the cost reduction and
enhanced product competitiveness. Based
on our experience and technology built in
Korea, we plan to further expand to Europe,
the Middle East and other new markets.”
www.doosanfuelcell.com
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HYDROGEN AND FUEL CELLS
INTO THE MAINSTREAM
At the 13th International Conference in Birmingham UK, manufacturers, transport operators and
investors showed how hydrogen and fuel cells can enable customers to meet their targets to
reduce carbon dioxide and air pollution. The systems enable the storage of intermittent electricity and the ability to respond instantly to demand. Imports of fossil fuels are cut and economies stimulated with jobs and skills in the new energy sector.

Dr Graham Cooley of
ITM Power described the
advances made with
their megawatt scale
electrolysers, which are
compliant with EU and
USA standards.

The electrolysers have had three years operation in the field. Response is rapid, less than one
second for primary grid balancing. Pressure is up to 80 bar. Efficiency is high: the Thuga
Group measured 77% and RWE measured 86% with heat recovery.

In the UK, ITM opened three
hydrogen fuelling stations under EU programmes, one at
the National Physical Laboratory in Teddington and the
second at Shell Filling Station
at Cobham. The third, at the
Centre for Engineering and
Manufacturing Excellence
(CEME) at Rainham uses energy from a solar PV array to
make renewable hydrogen
on-site. Further UK hydrogen
refuelling stations are being
built with the support of Hydrogen Mobility Europe
(H2ME).
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ITM is also working with the Hydrogen Aragon Foundation in the EU’s
BIG HIT programme.
Dr Enrique
Troncoso said that many islands are
now generating surplus wind energy which is being wasted, but this
can be stored as hydrogen and
used to provide electricity, heat
and transport fuel.
In the Orkney Islands, the island of
Eday generates energy from wind
and tidal power and a 0.5MW electrolyser produces hydrogen from
the energy which would normally
be wasted. On Shapinsay a 1MW
electrolyser produces energy for a
school.
On the Orkney mainland a 75kW
fuel cell provides heat and power
for a marina. A refuelling station
provides hydrogen for 10 Symbio
fuel cell vans and five 250kg tube
trailers. Ferries transport the hydrogen between the islands.

Conversion of 2.7GWh per year of energy
from wind and tidal sources into a valuable
energy vector reduces imported fossil fuel
consumption and improves local grid management. It boosts the local economy and
provides skills and qualified jobs in emerging
technologies.

ZERO EMISSION
TRANSPORT

PUBLIC

Yane Laperche-Riteau of Ballard Power Systems said that air pollution costs European
economies €1.5trillion per year in diseases
and deaths. Ballard has a solution with zero
emission fuel cells for public transit. Their
buses provide the following: long range of
350km; fast refilling in less than 10 minutes;

and light weight in order to maximize passenger capacity. They are recyclable with no
toxic material; and they are affordable and
competitive. Capital expenditure has reduced by 50% in the past five years. Hydrogen is commercially available and contributes to energy independence. It can be produced from natural gas, biogas or electricity,
including from renewable sources.
There are already 62 hydrogen fuel cell powered buses operating in Europe and 150 are
proposed by 2020. In China around 30 buses
are operating and there will be 300 within the
next 18 months. Ballard has developed its
technology over the past 38 years and now
has 500 people committed to providing affordable, reliable, clean energy.
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COMMERCIAL GROUP’S LOW EMISSION VANS
Two of the Commercial Group’s low emission
vans are shown operating in London.
Andrew MacKenzie explained how the Commercial Group is integrating low emission vehicles
into its fleets. They are the UK’s largest independent supplier of business services and most of their
CO2 emissions are caused by distribution and
travel.
They have built low emission (<65g/km) 3.5 tonne
vans to run on hydrogen as well as diesel. 4.5 kg
of hydrogen is stored at 350 bar. The hydrogen is
added to the engine inlet air and is burnt in the
engine. The system automatically and dynamically reduces the quantity of diesel used. This
improves engine efficiency and reduces emissions of C02, nitrogen oxides and particulates.

FUEL CELLS FOR CLEAN DISTRIBUTED POWER AND
TRANSPORT
Dr Chris Dudfield of Intelligent Energy outlined the
role of their Proton Exchange Membrane (PEM)
fuel cells in providing a
clean solution for distributed
and portable power, enabling extended flight time
for drones and zero emission
transport.
They
provide
back-up
power replacing diesel engines, initially for telecom
towers, but also for a range
of other sectors. Intelligent
Energy is pursuing opportunities in a number of countries. Their technology has
already been field proven in
India, with availability close
to 100%.
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A fuel cell powered drone has extended flight times and quick refuelling.
Intelligent Energy has successfully
demonstrated
their
technology
which is a natural solution for drone
manufacturers moving into larger
drones with heavier payloads.

There are global opportunities for hydrogen fuel cells in hybrid
and portable systems. Increasing numbers of global multinational corporations want to reduce their carbon footprint directly and throughout their supply chains.

Suzuki has been critical to the development of Intelligent
Energy’s technology and continues to be a key partner.
Their combined expertise opens up a range of opportunities
for range extenders and prime power in the motive sector.
The Suzuki Burgman utilises Intelligent Energy’s air cooled
stack technology and was the first fuel cell scooter to
achieve EU Whole Vehicle Type Approval. A fleet of the
latest fuel cell Burgmans will be deployed in London for use
by the Metropolitan Police in order to improve air quality.

REMOTE AND BACK-UP APPLICATIONS
Tom Chicken of Fuel Cell Systems Limited said that the demand for
fuel cells has more than tripled over the past three years, particularly
for off-grid and remote applications. The company employs different fuel cell technologies to meet customers’ requirements, ranging
from 50 watts up to 2.5 megawatts.
The fuel cells are used to provide
backup power or prime power, for
CCTV, environmental monitoring,
telecoms and security systems.
A 100W fuel cell with 65kWh storage
provides 60 days runtime for Network Rail.
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CHANGING TO RENEWABLE ENERGY WITH HYDROGEN AND
FUEL CELLS
Denis Thomas said that
Hydrogenics has an international role in the
introduction of hydrogen from renewable
sources. A 1MW fuel cell
provides
stationary
power in South Korea,

A 700 bar hydrogen refuelling station is operating in Aberdeen, Scotland.
Green hydrogen can be stored in the natural
gas infrastructure either by blending with
natural gas or methanation from the synthesis of hydrogen and carbon dioxide. The
build up of hydrogen storage will provide a
flexible backup for renewables.
In Germany, about half the trains are diesel powered, but more stringent regulations and the
expected rise in diesel prices are encouraging change. A hydrogen fuel cell train supplied by
Alstom is operating in Germany and Hydrogenics has letters of intent for forty more zero emission trains. Hydrogen fuel cell trains are expected to be in commercial operation by 2020.
The cost of hydrogen will come down as larger volumes are produced. There are also huge
markets for hydrogen in industry, for fertilisers and as a fuel providing flexibility for the electricity
grid. A recast Renewable Energy Directive could ensure that energy for electricity, heat and
transport all come from renewable sources.
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Kevin Eggers of Anglo American outlined the role of Platinum Group Metals (PGM) in the development of the hydrogen infrastructure. At present the automotive sector accounts for about
55% of the value of their sales. They are increasing industrial demand through development of
new PGM applications, with specific focus on accelerating fuel cell adoption. However, their
core market for autocatalysts is threatened by the changing automotive landscape, with battery electric vehicles, automation and car sharing.
PGM are investing in strategic investments that create or facilitate demand for PGM. One area
of investment is in electricity from the grid or intermittent supply being used to produce hydrogen on site with electrolysis. They are also investing in fuelling stations capable of converting
natural gas or biogas to hydrogen. Hydrogenious is a German company which finds it safer and
more cost effective to transport hydrogen in liquid form. Greyrock in the USA enables natural
gas from stranded assets to be converted into a premium diesel fuel. Jamie McBrien said that
Johnson Matthey are specialist manufacturers of a wide range of products, particularly membranes and catalyst layers.

HYDROGEN FOR ZERO EMISSION RAIL
Ouchcene Ouramoune described Alstom’s work
with hydrogen for powering regional transport.
There is growing concern about air quality and
noise. Hydrogen is the ideal alternative energy
source. It is widely available, suitable for powering
railways, has been proven in operation and the
price is competitive. Hydrogen and fuel cells provide a modern energy supply and storage system,

The hydrogen can be produced on site or it can be transported as gaseous hydrogen by
road transport or pipeline. Liquid hydrogen may also be transported by road. Hydrogen from
renewable sources is also an excellent fuel for trams and road vehicles.

Alstom’s first hydrogen fuel cell train has commenced operation.
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MICROCAB, THE UK’S INNOVATIVE FUEL CELL CAR MAKER
John Jostins said that Microcab Industries
is pioneering solutions for the new mobility and circular economy. They have an
extensive portfolio of grant funded projects and now have a commercial order.
They participate in several EU programmes and are also working with
China, which is considering fuel cell powered vehicles in addition to their present
battery powered fleets. They could replace the Chinese EVs which are powered mainly by coal fired electricity and
are therefore adding to air pollution.

REPLACING AGEING ELECTRICITY
INFRASTRUCTURE WITH NEW
Chris Evans said that Ceres Power’s Solid Oxide Fuel Cell
(SOFC) is highly efficient and is the most robust, low cost SOFC
available. The existing electricity infrastructure is ageing, it is
only up to 40% efficient and energy costs are rising. Their Steel
Cell provides both electricity and heat at up to 90% efficiency
in houses. It can also be used to power data centres and as a
range extender for larger vehicles. It reduces carbon emissions, balances the intermittency of power from renewable
sources and will provide green power for electric vehicles and
heat pumps.

PROTON MOTOR
Ann Glatt of Proton Motor said that they are a German
manufacturer of fuel cell stacks and fuel cell systems for
maritime, stationary and transport applications. Battery
and fuel cell powered vehicles still suffer from range
limitations or availability of refuelling stations. Proton
have developed a Plug-in Fuel Cell Hybrid, which meets
different operators’ requirements.
The energy demand for urban buses is illustrated by London Transport’s Bus Drive Cycle. Buses
are driven for 14 to 16 hours per day without refuelling, for 360 days per year. The results on a 9
km test cycle show an average speed of 14.5 kph and top speed of 48.75kph. In a 12 metre
bus with payload of 5400 kgs, the power demand is met by a 25/30 kW fuel cell and the 120
kWh battery provides peak demand.
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TOYOTA MIRAI AND FUEL CELL BUSES
Jon Hunt said that Toyota has been developing electric vehicles and produced the first mass
market hybrid 20 years ago. Toyota recharges its plug-in hybrid when there is too much electricity to store and demand is low. They regard the fuel cell vehicle as the ultimate environmentally friendly vehicle.
The Toyota Mirai offers the same
level of convenience as that of an
i.c. engine car. It has a revolutionary fuel cell stack storing a world
record 3.1kW/L.

Toyota will be running a hundred fuel cell
buses at Tokyo 2020 Olympic and Paralympic
Games. Toyota is a member of the Hydrogen
Council which has thirteen leading energy,
transport and industrial companies and has
the objective of fostering the energy transition.
The members are investing $9bn globally.
Their aim is to ensure that the electricity and
transport sectors should make the biggest contribution to meeting the UK’s 2050 carbon reduction target.
Air pollution is also a major problem, with 99% of the world’s population living in regions which
do not meet WHO air quality guidelines. Toyota are sharing all their patents for no charge in
order to accelerate the spread of fuel cell vehicles.

DUAL FUEL VANS
The Ultra Low Emission Mileage Company (ULEMCO) is
replacing diesel in i.c. engine vans with hydrogen.
Hydrogen dual fuel vans are
a practical solution now for
reducing carbon dioxide
emissions in commercial vehicles. They meet or exceed all air quality standards and are exempt from
the
London
congestion
charge. The tailpipe emissions of the dual fuel van
running on hydrogen are
66% lower than on diesel.
15

One limitation is that although diesel is widely available there is a need for more hydrogen fuelling stations. The technology is proven in use and will be available for all types of vehicles within
the next five years.

ENERGY SUPPLIERS DIVERSIFYING
BOC is supplying equipment for hydrogen compression and storage at refuelling stations. Nick
Power of BOC, part of the LINDE group, said that they are helping bus operators to find the best
solution for clean operation. They can use hydrogen obtained from piped natural gas or hydrogen can be generated on site and stored in gaseous or liquid form.

The UK’s largest hydrogen refuelling
station in Aberdeen has so far carried out over 3000 refuellings and
has 99.9% availability. The hydrogen
is produced by electrolysis at offpeak times. Up to three times more
hydrogen is produced in summer
than in winter.

Navdeep Kahlon, analyst at the UK National Grid, said that although there had been progress
in reducing UK carbon emissions from the electricity sector, there was little progress with the
heating and transport sectors. A study by the accountants, KPMG, estimated that development of the gas infrastructure would be the cheapest way of decarbonising the heat network,
rather than having an all electric system or diversifying energy sources. This is a critical stage
for deciding the framework for decarbonising heat, as the Government is now collecting
evidence.

Mike Copson of Shell New
Energies said that Shell
started hydrogen fuelling in
2010 and now has its first
station in London. Renewable hydrogen can be obtained by reformation of
methane
from
organic
waste or splitting water with
electricity releases hydrogen and oxygen.
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INVESTING IN HYDROGEN AND FUEL CELLS
Helen Fairclough of EU Energy Focus which is funded by the UK Business, Energy and Industrial
Strategy Department, outlined funding opportunities for fuel cell and hydrogen projects. Funding priorities include energy efficiency, renewables, smart grids, energy storage, smart cities,
fuel cells and hydrogen.
Projects include the demonstration of fuel cell trucks collecting urban waste and research into
competitive solutions for aeronautical applications. Stationary applications include high temperature steam electrolysers and the demonstration of fuel cell based energy storage solutions
for isolated micro-grid or off-grid remote areas.
Cate Lyon said that Delta Energy and Environment is
helping its clients to succeed in the transfer from the
old energy to the new. They are aiming to achieve up
to 130,000 fuel cell combined heat and power (CHP)
units installed per year by 2025, which would cover
15% of the heating market. They are assisting Thermondo Energy which was set up in Germany to take
advantage of low interest loans from KfW, the German national bank, as well as Government subsidies.
Customers get a rapid quote for monthly leasing and
have no upfront costs. Elcore high temperature PEM
fuel cells generate base load electricity and heat,
with peak loads supplied by existing companies.
Dr Alina Congreve outlined the work of Climate-Kic which is the EU’s largest public/private partnership addressing climate change mitigation and adaptation. It has 18 offices throughout
Europe supporting projects including electric vehicles and clean biogas production. They operate in clusters to accelerate the transition to renewable energy as they are concerned that the
present rate of change is too slow to avoid catastrophic climate change. The clusters are comprised of start-ups, SMEs, larger businesses, research bodies, community stakeholders and public
bodies. Participants in each cluster are close together and are committed to solutions that are
positive for the environment and the economy.
Michael Dolman of Element Energy explained that the EU’s Joint Initiative for Hydrogen Vehicles (JIVE) will help to commercialise fuel cell buses across Europe. It will add another 130 buses
to existing fleets in the UK, Germany, Italy, Latvia and Denmark, which will demonstrate the
commercial availability of the buses and the refuelling stations. The advantages are that there
will be no need for new street infrastructure and passengers and drivers will benefit from reduced noise and smooth vehicle handling. The buses will have 300 kms range without refuelling
and there will be zero tailpipe emissions
Fuel cell buses cover long
distances without refuelling,
not only in city centres but
on cross country journeys.
They will provide a concrete
answer to ambitious policy
targets set for decarbonisation.
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Lisa Ruf of Element Energy said that Hydrogen Mobility Europe (H2ME) is supporting the introduction of hydrogen vehicles with 49 refuelling stations and up to 140 cars and vans. It is supported by the Fuel Cell and Hydrogen Joint Undertaking (FCHJU) and participating industry. The
use of hydrogen and fuel cells will be documented as well as the role of electrolysis with off
peak power in balancing intermittent solar and wind on the grid. The aim is to start the build up
of fleets to 10,000 vehicles per annum which will bring down costs. Some of the major fuel cell
dominant cars and a van with a fuel cell range extender are illustrated below.

Alex Mauser of the Enterprise Europe Network said that there are 3,000 local experts in over 60
countries helping to find partners and investors for innovative technologies. The focus is upon
infrastructure: digital, transport and energy. The European Fund for Strategic Investments (EFSI)
has a €16 billion guarantee from the EU budget, complemented by €6 billion from the European
Investment Bank’s own funds. It is expecting to mobilise investments of at least €315 billion in
three years.
Dr Jagvir Purewal said that Forresters is a specialist firm of legal and patent trade mark attorneys which was set up over a century ago. It has strong legal and technical capabilities and
has offices in the UK and Germany. Although initial patenting can be expensive it does help to
raise significant funds from grants or other investments.

EXPEDITING THE SHIFT TO HYDROGEN AND FUEL CELLS
Dr Tom McColm of Zeus Capital outlined the future for sustainable capitalism. He quoted Al
Gore: “The shift from a high carbon to a low carbon economy will be the most significant process in modern history - matching the industrial revolution in scale and the technological revolution in pace.” Dr McColm said that the biggest problem is getting investment to develop and
bring to market new energy technologies and referred to the pernicious orthodoxy of shorttermism. The New Energy sector on AIM is a perfect example of a place where a shift from traditional to longer-term sustainable capital is required. New energy is now an undervalued sector with products ready for early stage, disruptive markets.
Bart Biebuyck Executive Director of the EU Fuel Cell and Hydrogen Joint Undertaking (FCHJU)
said that they are working in a public/private partnership to expedite the change to hydrogen
and fuel cells. Europe will be a world leader with fuel cell buses, with 700 operational by 2020.
Extensive research and development is being supported in order to reduce costs. Fuel cell
combined heat and power (CHP) systems are operating successfully and 3,000 units are
planned. Their present budget of €665 million to 2020 is helping to bring costs down and as volume production grows there will be further cost reductions. The FCHJU has signed memoranda
of understanding with over 50 cities and regions to expedite the change to hydrogen and fuel
cells.
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GROWING THE UK ECONOMY IN THE WEST MIDLANDS
Dr Michaela Kendall of Adelan explained that there is a
global energy trilemma with
climate change, urban air
pollution and energy security and energy prices as 1.7
billion more people newly
access electricity by 2030.
The Midlands Hydrogen and
Fuel Cell Network (MHFCN)
is addressing all these issues.
The launch of the MHFCN at
the NEC Hydrogen & Fuel
Cell Conference will seek to
make the
region a UK
leader in this growing energy technology sector.

The four launch presenters, Cllr Lisa Trickett, Matthew Rhodes, Mike Waters and Prof John Jostins
represented several significant public and private sector leaders committed to help in delivering the aims of the network.
The network has multiple benefits from innovative R&D, business investment, manufacture and
job creation. It can complement the range of other, particularly local, renewable power generation to produce green hydrogen and fuel cell vehicles as well as static devices, adding to
the circular economy, so reducing environmental pollution including carbon emissions. Climate
Change Solutions Ltd provides the Secretariat with the Chair, Dr Michaela Kendall, Co-Founder
of Adelan Ltd and Visiting Professor at Birmingham City University.
Dr Kendall’s father, Prof Kevin Kendall, developed and patented Adelan’s microtubular Solid
Oxide Fuel Cell (mSOFC) in the 1990s. Since then research and development has grown
around the world. The proven advantages over other SOFCs are the high strength of processed
ceramic formulations, increased volumetric power density, shock resistance and rapid start-up.
Adelan’s mSOFCs are powering a variety of both stationary and mobile applications, from 1W
up to 1500W per unit. Adelan is starting in niche markets and building up to mass markets for
combined heat and power units. They are improving lifetime as they obtain feedback from
users and volume production will bring down costs.

Full Presentations at the Conference are available at
www.climate-change-solutions.co.uk
The next International UK Hydrogen and Fuel Cell Conference will be on
13th March 2018 and will cover Gearing Up for Commercialisation.
jacqui.staunton@climate-change-solutions.co.uk
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COMBATTING CLIMATE CHANGE
UK GOVERNMENT AGENCY
CALLS FOR ACTION
A report by the Climate Change Committee
(CCC) urges the Government to take more
action to deal with climate change.
Although the UK has witnessed falling greenhouse gas emissions alongside rising GDP,
most of the success in reducing emissions to
date comes from sharp reductions in the
power and waste sectors. Despite improvements in technology, emissions in the transport and building sectors are rising and the
abandonment of existing plans for carbon
capture and storage leaves industry without
a long-term strategy. There have been improvements in a range of energy efficiency
measures, including more efficient appliances and boilers, as well as insulation. The
reduction and recycling of waste has
reduced the need for new landfill.
The impact of air pollution from vehicles requires action. A decisive shift to electric vehicles will both improve air quality and reduce
greenhouse gas emissions.
Support is
needed for new and emerging technologies.
Investors, business leaders and the public
have been waiting too long for clear direction from central government. It must cover
each sector of the economy including plans
to bring forward about 80 -100 terawatt hours
(TWh) more low-carbon generation by 2030,
with measures to increase the flexibility of the
power system to respond to changes in the
supply of and demand for electricity. It must
accelerate the uptake of electric vehicles,
provide a path for the uptake of low-carbon
heat alongside energy efficiency, perhaps
using hydrogen. Work on carbon capture
and storage must also be re-started.
The programme will include the use of carbon pricing, standards and regulations, research and development funding, subsidies,
market design and taxation. The role of soils,
forestry and agriculture needs to be central
to any strategy to reduce emissions over the
longer term. Government policy must also

help to reinforce much wider actions. Private
funds are needed from pension, insurance
and banking intermediaries. There must be
behavioural change, how much and what
we drive, how we heat our homes, and the
food we eat.
www.theccc.org.uk
Fuel Cell Power points out that the main reductions in CO2 emissions were caused by
the change from using coal to natural gas in
the 1990s and the change from an industrial
to a service economy. British engineers developing electric vehicles powered by batteries or fuel cells are only supported if they
have a partner from established industries
which may not want competitors in their market. There has also been no backing for the
potentially cheaper alkaline fuel cell. Electric
vehicles help to balance the loads from intermittent renewable energy. Hydrogen fuel
cells are powering zero emission buses in London and work on the first ethanol fuel cell taxi
is underway. Renewable hydrogen is also
being stored to provide heat and power
when they are needed in buildings and industry. Unlike boilers, fuel cells generate
electricity and heat on site with zero emissions if powered by renewable energy.
If
natural gas or biofuels from waste are utilised,
the electrochemical process separates the
CO2 which can then be recycled. Fuel cells
have an essential role in keeping the global
temperature rise to 1.5°C as proposed at the
Climate Change Agreement in Paris.

CLIMATE CHANGE MITIGATION SUPPORTING GROWTH
The OECD states that ambitious measures to
set the global economy on a path to zero
net greenhouse gas emissions can fit very
well within current policy priorities of stimulating investment and technical progress, tax
reforms and environmental improvements.
Years of research have established that
increased greenhouse gas (GHG) emissions
as a result of human activity have led to
significant increases in global average
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temperatures. When global warming has
happened at various times in the past two
million years, it has taken the planet about
5,000 years to warm 5 degrees. The predicted rate of warming for the next century is
at least 20 times faster. This rapid increase will
make it difficult, and in some cases impossible, for ecosystems and societies to adapt.
Rapid and irreversible changes, with catastrophic consequences, in at least some regions, seem likely. There will be losses of land
through sea-level rise and increased recurring damage from extreme weather events.
Resources can be severely exploited when
the benefits of use are felt in the present but
the costs arise in the distant future, incurred
by generations who have no voice in today’s
decisions.
Investment is key to preventing climate
change in the longer term, as well as to reviving economic growth in the short to medium
term. OECD countries’ expenditure on energy RD&D is only 0.045% of GDP, amounting
to around one fifth of the average revenue
from environmental taxation. Public financing
is best for basic research and general purpose technologies with broad applications,
such as energy storage.
www.oecd.org

THREE YEARS TO
SAFEGUARD OUR CLIMATE
According to a report prepared by Carbon
Tracker, the Climate Action Tracker consortium, the Potsdam Institute for Climate Impact Research and Yale University, should
emissions continue to rise beyond 2020, or
even remain level, the temperature goals set
in Paris become almost unattainable. The UN
Sustainable Development Goals that were
agreed in 2015 would also be at grave risk.
Carbon dioxide emissions should peak by
2020 as illustrated below.
Christiana Figueres, who led the UN team at
the Paris Climate Change meeting, is the
convenor of MISSION 2020, which aims to ensure that global emissions of carbon dioxide
are on a downward slope by 2020.
The six areas of action are :
renewables outcompete fossil fuels
cities and states decarbonise infrastructure
zero emission transport
land restoration
heavy industry meets Paris Agreement
all financial institutions disclose their role in
achieving $1trillion a year in climate action
www.mission2020.global

PUBLISHED IN NATURE JUNE 2017 BASED ON DATA FROM
STEFAN RAHMSDORF/GLOBALCARBONPROJECT: HTTP://GO.NATURE.COM/2RCPCRU
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DEVELOPING COUNTRIES
CALL FOR 1.5°C LIMIT
The world's poorest nations say the Paris climate agreement is their "lifeline" and must be
strengthened. The Climate Vulnerable Forum,
(CVF) representing 48 countries, said the deal
was crucial to their survival. Around one billion people live in countries that are part of
the CVF.
Thousands of delegates met in
Bonn during May to develop the rule book
for the Paris deal. The group firmly supports
the idea, enshrined in the Paris agreement,
that countries would do all in their power to
keep temperatures from increasing more
than 1.5°C above pre-industrial levels.
"Keeping to 1.5°C is quite simply a matter of
survival," said Debasu Bayleyegn Eyasu from
Ethiopia, which holds the presidency of the
CVF.
www.thecvf.org

UNITED STATES
CONFERENCE OF MAYORS
The United States Conference of Mayors
strongly opposes President Trump’s withdrawal from the Paris Climate Accord. They
have joined with the Center for Climate and
Energy Solutions to accelerate climate action. They have carried out an initial survey
which shows overwhelming interest by cities
in working with one another and with the private sector to accelerate climate action.
https://www.usmayors.org/

1.5°C TEMPERATURE RISE
WOULD BE TOO MUCH
James Hansen, former Director of NASA, is
the lead author of a paper in Earth System
Dynamics, which explains that even if we
meet the aspirational target of 1.5°C temperature rise agreed at the Paris Climate
Change meeting, this will still put a severe
burden on our children. Global warming in
the past 50 years has raised global temperature well above the prior range in the Holocene (the current interglacial period, approximately the past 11,700 years) to the

level of the Eemian period (130,000 to
115,000 years ago), when sea level was 6-9
meters (20-30 feet) higher than today.
An
appropriate goal is to return global temperature to the Holocene range within a century.
This would require rapid emission reductions,
a global program to improve agricultural and
forestry practices, as well as substantial technological extraction of CO2 from the air. If
rapid emission reductions do not begin soon,
the burden placed on young people to extract CO2 emitted by prior generations may
become implausibly difficult and costly.
www.earth-syst-dynam.net/8/577/2017

CALIFORNIA ADVANCING
CLIMATE GOALS WHILE
GROWING THE ECONOMY
In response to President Trump's decision to
withdraw from the Paris Climate Agreement,
Governor Edmund G. Brown issued the following statement : "Donald Trump has absolutely chosen the wrong course. He's wrong
on the facts. America's economy is boosted
by following the Paris Agreement. He's wrong
on the science. Totally wrong. California, the
sixth-largest economy in the world, has advanced its nation-leading climate goals while
also growing the economy.
https://www.gov.ca.gov/news.php?id=19817

NEWS
SFC FUEL CELLS FOR INDIA
An Indian paramilitary border protection
force
under
the
Indian
Ministry
of
Home Affairs has ordered more than 80 SFC
Energy products, accessories and more than
3,000 methanol fuel cartridges. The Indian
paramilitary force will be using SFC Energy’s
EMILY 3000 and JENNY 600S fuel cells for reliably powering border protection equipment,
electrical equipment and, especially, critical
communication systems at border outposts,
most of which are at very remote and difficult locations.
www.sfc.com.
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HYDROGEN FROM SUN AND
SEA WATER

H3 DYNAMICS DEPLOYS
DRONE 10,000 KMS AWAY

A former race boat, this outstanding competitor is about to open a new path: that of
autonomous navigation with hydrogen. For
the architects, engineers, and navigators involved the challenge is to aim for selfreliance through energy coupling and the
carbon-free production of hydrogen from
sea water.
It is now reborn as Energy Observer and
primed to make the first trip round the world
on hydrogen and renewable energies.
Energy Observer was given its new name in
Paris by Nicolas Hulot, Minister for Ecological
Transition, in the presence of Anne Hidalgo,
Mayor of Paris, Florence Lambert, director of
the CEA-Liten and Bertrand Piccard, President of the Solar Impulse Foundation.

H3
Dynamics
Founder/CEO
Taras
Wankewycz spoke at Vivatech Paris, where
for the first time he used his laptop and the
company's new software to automatically
deploy a drone 10,000 km away in Singapore, with a live feed from its camera for all
to see.
Hydrogen and fuel cell manufacturer, HES
Systems, is a founding member of H3 Dynamics. The fuel cells give power to sensors in the field, providing advanced energy storage to robots and UAV systems for
increased endurance
and performance. This forms a powerful network of intelligent computers that share critical information – ensuring continuous data collection and analysis. The data collected is
processed on their proprietary cloud
service and is available on request.

www.energy-observer.org

www.h3dynamics.com
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ADVANCED FUEL CELLS FOR UK GOVERNMENT’S
CLEAN TRANSPORT
QUALITY PLAN
A programme has been launched to enable
fully automated future mass manufacture of
fuel cell stacks for the automotive market. Intelligent Energy is the programme’s
technology lead with overall coordination
provided by CEA Tech-Liten. The two companies will front a pan-European industry group
to further commercialise fuel cells for the
mass automotive market.
The programme, named DIGIMAN, is a €3.5
million programme, receiving funding from
the Fuel Cells and Hydrogen Joint Undertaking (FCHJU), which will focus on creating a
robust platform for future stack production for
zero emission vehicles. Also involved in the
three year programme are Freudenberg Performance Materials SE&Co.KG, WMG at the
University of Warwick, and Toyota Motor
Europe.
The programme outputs will demonstrate operational and supply chain cost reduction via
seamless integration of digital manufacturing
techniques and advanced technology optimised for automated production.
Intelligent Energy’s Head of Manufacturing,
Richard Peart said: “Hydrogen fuel cell powered vehicles are available now, but to continue to drive customer adoption, we need
to ensure future fuel cell stacks are robustly
industrialised and remain cost competitive in
the future. The programme will bring significant opportunity to further develop Intelligent Energy’s proprietary Air Cooled fuel cell
architecture.”
Bart Biebuyck, Executive Director of the
FCHJU, said that the project, which gathers
industry, academia and research centres, is
contributing to maintain Europe at the competitive edge on the key technologies for
clean transport.”
www.intelligent-energy.com

AIR

ITM Power is pleased to note the planned
publication by the UK Government of a revised Air Quality Plan, under which, according to media reports, it is proposed to ban
the sale of petrol and diesel passenger cars
(including hybrids) by 2040. This represents
an historic first step towards cleaner and
greener transport in the UK.
ITM Power calls on the UK Government to
provide equivalent financial support for fuel
cell electric vehicles (FCEV) infrastructure as it
has already provided for plug-in battery
electric vehicle (BEV) infrastructure. Equivalent funding would satisfy the UK Government’s stated position of being technology
agnostic. The Company also calls on the
Government to implement its announced
plan to provide 65 hydrogen refuelling stations across the UK, to be operational by
2020. Current proposed levels of funding for
hydrogen infrastructure would not achieve
the stated target of the Office for Low
Emission Vehicles (OLEV).
ITM Power has announced a significant increase in its order pipeline, with £23.45m of
projects under contract and £11.89m of contracts in the final stages of negotiation.
www.itm-power.com

CIRCULAR VALUE CHAIN
One of the central design themes of
Microcab is reducing carbon in vehicle build.
Vehicles themselves use vast quantities of
material of all kinds in their construction. They
have a relatively short life and then are generally scrapped. Within a Circular Value
Chain much of the value of a product is retained either by re-use, re-manufacture or repurposing. Microcab is one of 27 partners in
a new pan-European project ECOBULK,
which will be based on identifying and promoting commonalities in processes, technologies, products and services ensuring replicability and transferability to other industrial
sectors.
www.microcab.co.uk
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US CELEBRATES GROVE’S WORK AND
THE GROWING FUEL CELL MARKET
The Fuel Cell and Hydrogen Energy Association (FCHEA) celebrated the work of the
Welsh scientist Sir William Robert Grove, who
made history by constructing the first fuel cell
system. They celebrated Grove’s ingenuity
and the amazing progress the fuel cell industry has achieved since. In the United States,
NASA helped launch fuel cells out of the
laboratory and into the mainstream in the
1960s, powering shuttles that took us beyond
Earth’s orbit, and eventually to the moon.
Since then, fuel cell technology has truly
come back to earth, and now offers efficient, reliable, power to a range of applications.
Today more than 300 megawatts of stationary fuel cells deliver primary or back up electricity generation in the U.S., utilizing natural
gas, hydrogen, or renewable biogas. These
fuel cells are used by large and small businesses, electric utilities, and municipalities, at
facilities such as data centers, retail stores,
corporate headquarters, telecommunications sites, wastewater treatment plants, universities, hospitals, micro grids, and more.
More than 2,000 zero-emission fuel cell vehicles have been purchased in California with
more on the way as hydrogen fuelling stations continue to proliferate across the country. Besides cars, fuel cell buses are in revenue service in several states and advances

are being made on fuel cell-powered trucks,
trains, planes, and ships. More than 16,000
fuel cell-powered forklifts are currently in operation at warehouses, distribution centers,
and cold storage facilities across the country.
As state and federal policymakers look for
ways to strengthen our energy infrastructure
and improve energy security, fuel cells continue to provide a viable solution. Unlike other
energy technologies that have shipped production overseas, the largest fuel cell companies continue to design and manufacture
their products in the U.S., with the supply
chain base rooted in nearly every state. Fuel
cell companies have created thousands of
jobs for American workers, and are helping
maintain the country’s status as a world
leader in this technology while reducing
dependence on foreign fuel sources.
“Today we celebrate the accomplishments
of Sir William Robert Grove, who was truly
ahead of his time when he developed the
world’s first fuel cell system,” said FCHEA President Morry Markowitz. “With further investment and support of this groundbreaking
technology, the fuel cell industry – which has
already grown beyond what Sir William could
have possibly imagined – will ensure
America’s leading role in the world’s energy
future.”
www.fchea.org

The California Fuel Cell Partnership
(CaFCP) welcomed its 28th retail hydrogen station in the City of Lawndale. California is working towards a milestone of
100 retail hydrogen stations state wide to
support the roll-out of fuel cell electric passenger vehicles. CaFCP and its members
are also working on stations for fuel cell
buses, and medium-and-heavy duty
trucks. We’re also drafting a vision of the
next phase of the passenger vehicle commercial launch in California and across
the U.S. www.cafcp.org
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BALLARD HELPING TO MEET CHINA’S
DEMANDS FOR ZERO EMISSION BUSES,
TRUCKS AND COMMERCIAL VEHICLES.
In their ongoing programme with BroadOcean, Ballard Power Systems has agreed
an $18 million supply contract to support the
deployment of 400 FCveloCity® fuel cell engines integrated into clean energy buses and
trucks in key Chinese cities. This is part of
China’s ambitious plan to address environmental concerns and advance the adoption
of zero-emission vehicles.

Broad-Ocean produces more than 50 million
motors annually for customers on 5 continents. It became Ballard’s largest shareholder following an investment of $28.3 million in Ballard common shares.

BALLARD INTERNATIONAL
SERVICE TEAM

The addition of fuel cell systems to battery
electric vehicles effectively addresses the
limitations of stand-alone battery solutions in
certain use cases, resulting in growing demand for zero-emission and efficient propulsion systems that provide bus, truck and commercial vehicles with the traditional range
and refuelling times provided by legacy diesel solutions.
This announcement, together with an $11
million transaction announced in April,
means that Ballard is planning to support
Broad-Ocean through the deployment of 600
fuel cell engines having a value of $29 million, with substantial deliveries expected to
be made this year.
In addition to these modules for use in strategic demonstration projects in key Chinese
cities, Ballard also closed their strategic technology transfer, licensing and supply deal
with Broad-Ocean in April, under which
Broad-Ocean plans to set up three module
assembly operations in China, representing a
further $25 million to Ballard over 5-years.
Broad-Ocean is a leading global manufacturer of motors that power small and specialized electric machinery for electric vehicles,
including buses, commercial vehicles and
passenger vehicles, and for heating, ventilation and air conditioning.

Ballard has set up a global team of support
engineers to ensure that bus operators and
their technicians are all comfortable with the
technology, and are capable of performing
fuel cell bus maintenance on their own. Ballard provide training programs and support
for this. The team is now about 30 people
around the world, strategically located to
provide comprehensive service in a timely
manner.
The main teams are based in
China, the US and Europe.
In addition, the best way to maintain hydrogen fuel cell buses on the road is to be there
fast. Their site technicians are situated close
to where the buses operate so they can respond quickly and in the best way to issues
that arise. They make sure to always have
parts available so they can deliver them as
quickly as possible
www.ballard.com
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COST EFFECTIVE ETHANOL FUEL CELLS
USE ENERGY FROM WASTE
For the last seven years, the Cygnus Atratus
(Black Swan) Group has been developing a
number of clean energy technologies.
Decades of developments by earlier companies have now matured with results that have
been immensely encouraging and innovative. Commercialisation of our fuel cell and
allied technologies rests in two areas. The first
is in community power based on waste to
energy, the second is for transportation applications on land and sea.
Community power is based on the premise
that localities want to ensure their energy
security and would prefer not to export their
own valuable resources to others. We are
therefore setting up regional Collaborative
Manufacturing Enterprises (CMEs).
They are provided with two technology
strands, fuel cells and hydrogen production
expertise based on organic waste. The fuel
cell provides electricity, water and heat.
Waste management covers bio-digestion,
pyrolysis, fertiliser production, gas reforming,
gas separation and monitoring for hydrogen
production.
The CMEs are independent
start-up companies without ties to larger or
existing entities.

COMMUNITIES GENERATING
HEAT AND POWER
Distributed electricity generation using biogenerated gas for use in fuel cell systems is
the most sustainable solution for low cost
energy, without requiring subsidies, rebates or
credits. Large state, public and private utilities are unable to provide systems at reasonable cost to meet growing energy demands
or for the reversal of climate change and air
pollution. It is not feasible to increase existing
grid capacity or conventional energy production, in either developed or emerging
economies, without costs significantly exceeding the cost of implementation of CME
fuel cell systems.

Government action has focussed on paying
huge sums to existing companies to modify
the electricity generating infrastructure without supporting the energy storage technologies which could make them cost effective.
Instead, inefficient fossil fuel generators are
kept on standby to meet peak demands.
The advantages of our technology are unparalleled reliability of 99.999%, independent
local energy security and additions can be
made to larger systems while they remain in
operation. The CME will use renewable organic feed stocks, including municipal, industrial, commercial and agricultural waste or
sustainable crops for the production of
hydrogen.

AVAILABILITY OF
FOR ENERGY

WASTE

Energy can be generated at existing material
recovery facilities, which are collection depots for municipal and commercial waste
before shipment to landfills or incinerators. In
Europe, the European Union Waste Directive
will eliminate landfills by 2020.
Waste can also be
directly reformed
into hydrogen on
smaller sites by our
Gasified Anaerobic
Digester (GAD™).
The GADTM system
combines the energy advantages
of pyrolysis with the
practical utility of
anaerobic digestion. The GAD™
provides the technology to make
possible localised
waste
management, eliminating
transport
and
disposal costs.
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The CME will supply systems grouped into
units supplying between 50kW and 1MW, providing power to multiples of dwellings, commercial and industrial sites. In turn, these can
be connected into a distributed network,
similar to the cellular system adopted by mobile telephone operators. The electrochemical process also separates any carbon dioxide present in the biofuel so that it can be
safely recycled. This may result in negative
C02 emissions.

BELOW WORLD AVERAGE
PER KWH PRICING
Our alkaline fuel cells (ACE™) are a novel
technology manufactured using advanced
processes including 3D mass production,
commonly found parts and low cost
materials.

The CME partners with community, municipal,
commercial and industrial customers to manage waste, electric utilities and water as sustainable resources. Organic material is converted by bio-digestion and thermal gasification into biogas and syngas. These gases are
then reformed into hydrogen for fuel cells
generating electricity. The by-products of this
process are marketable commodities: water,
heat and CO2 (used as a refrigerant or
growth enhancer for crops such as algae).

COMBINED HEAT
AND POWER (CHP)
The heat can be produced cost effectively
when energy is generated on site to provide
combined heat and power (CHP). If used in
conjunction with improved insulation, this can
eliminate the need for a separate fuel for
heating. Municipal, industrial and commercial waste can provide up to 80% of a community’s electricity and heat requirements,
with the shortfall supplemented by natural
gas or the conversion of agricultural energy
products.

COST EFFECTIVE
HYDROGEN PRODUCTION
Industrial hydrogen production is expensive
and dependent upon the availability of natural gas. The utilisation of waste as a feedstock to produce hydrogen will avoid the
cost of commercial waste remediation. The
overall cost of the hydrogen may be less
than that which would otherwise be incurred
in removing and storing the waste.

Alkaline fuel cell (ACE™)
The main attributes of the alkaline fuel cell
(ACE™) in stationary applications are:
zero CO2, NOx, SOx and particulates;
70°C to 90°C operating temperature;
60-70% electrical efficiency;
30% thermal capacity;
95% recyclable; 80% refurbishable;
over 99% availability
low maintenance; quick start;
potable H20;
modular; low noise; low vibration;
suitable for indoor or outdoor use.
Innovations in materials, component technologies and the manufacturing process
allow the technology to be offered at below
world average per kWh pricing. Balance of
Plant systems are simple, modular and
designed for ease of operation, maintenance and component reuse. The system
and its oversight are operated by remote
management which will provide data for
strategic management of electricity, water
consumption and other by-products. It will
be based on cell phone connectivity being
embedded in the system. The telematics will
also incorporate security systems against
tampering or theft.
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CME markets include: utilities, municipalities,
community development, schools, agricultural producers, critical services, commercial
and industrial complexes, data centres,
waste-to-energy, marine and shore-to-ship,
airports, coal gasification and the chemical
industry. The CME systems are applicable
anywhere with hydrogen fuel being made
available by waste management. The CME
will generally launch production with a minimum of 250kW in commercial Energy Service
Agreements, representing sufficient sales to
reach positive cash flow.

CUTTING NO2,
PARTICULATES AND CO2
For transport, the Cygnus Atratus ethanol fuel
cell is entirely novel, using ethanol as the fuel
instead of hydrogen. The fuel cell uses the
same architecture and production methodologies as our classic hydrogen powered
technology. The ethanol is produced from
waste, utilising our gasified anaerobic digester GAD™, which reduces the cost to the
end user.
Ethanol, being a liquid, provides an excellent
fuel for vehicles and marine applications. It’s
time to be done with diesel! The CO2 it produces puts our planet in danger, while NO2,
particulates and other pollutants put our
health in danger. London’s current air pollution crisis is responsible for over 9000 premature deaths a year and countless health
problems. Combustion is responsible for
much of the air pollution, whereas electrochemical conversion does not create any
harmful emissions, only pure water. The fuel
cell using ethanol from waste does not add
to atmospheric carbon dioxide. The electrochemical process is also more than twice as
efficient as combustion.
Our novel technology transforms waste into
an energy dense liquid fuel that is easy to
produce and distribute and is significantly
cheaper than diesel. We’ve partnered with
the renowned taxi company Frankum and
Kaye to recycle redundant existing vehicles
into the world’s first remanufactured taxis running on waste reformed fuel.

Mechanical and operational design is overseen by engineering academics from Imperial College, Liverpool University and Southampton Universitiy.
Our proprietary fuel cell technology will
shortly be available for taxi trials. Operating
systems have been determined and the architecture of the stacks has been designed
and is under test. The taxis are recovered
London Taxi International vehicles and are
always available. Traction is provided by linear induction hub motors manufactured in
London, complete with controllers which
have been rigorously tested in sports vehicles.
The total funds required to put the taxis on
the road and meet free positive cash flow will
be approximately three million pounds. The
company will use the same technology to
recycle local authority vehicles. The renewal
of these fleets with no harmful emissions will
significantly improve the air quality of London. Finally London buses will be converted.
The value of these vehicles will be enhanced
without significant cost and the increased
efficiency of the systems will greatly reduce
long term operating costs.

AIR POLLUTION CRISIS
London needs rapid action to tackle its air
pollution crisis while also becoming a world
leader in sustainable, carbon-free technology. By keeping research, manufacturing
and deployment within London, our technology will be built from the ground up around
the unique needs of this city and those who
live in it, instead of importing and imposing
an imperfect solution.
Our aim is to lead. Not just in the quality of
our products, but in the ethical standards of
our business as we solve social problems by
supporting local infrastructure and providing
a benchmark for responsible business that
can be copied in other cities. We hope to
use our success to foster a thriving community of carbon-free technology companies
and innovators, so that the world will know to
look to London for solutions to the global
problems of urban air pollution and CO2
reduction.
info@fairairdrive.london
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POSCO MANUFACTURING FUEL CELLS
POSCO’s fuel cell manufacturing facility at Pohang has 100MW annual production capacity.
Fuel cell products, ranging from 100kW up to 2.5MW, provide customers with a wide range to
suit their purposes. POSCO is also developing other products applicable to various areas, as
well as the next-generation fuel cell technology, SOFC. Their 300 kW system has a 95m 2 site
and provides electricity for medium to large buildings or 350 houses. The 2.5 MW system is
used at power plants, very large buildings, at landfill sites or to provide electricity for 3,200
houses. The fuel used is liquefied natural gas (LNG), biofuel or synthetic natural gas (SNG).
POSCO is converting waste and sewage heat into energy sources to replace fossil energy.
www.poscoenergy.com

EVENTS

7th—9th November 2017
Fuel Cell Seminar & Energy Exposition
Long Beach California, USA
www.fuelcellseminar.com
13th March 2018
14th International Conference on Hydrogen
and Fuel Cells. Hydrogen and Fuel Cells Gearing up for Commercialisation.
The Conference, Exhibition and Partnering
Event will be held in Birmingham, UK
www.climate-change-solutions.co.uk

23rd—27th April 2018
Group Exhibit Hydrogen + Fuel Cells
Hannover Fair, Germany. Includes Europe’s
largest hydrogen, fuel cells and battery
exhibition.
www.h2fc-fair.com
25th – 28th June 2018
Fuel Cell, Science and Engineering will be part
of the Power and Energy Conference and
Exhibition, Charlotte, North Carolina, USA
www.asmeconferences.org
3rd - 6th July 2018
13th European SOFC and SOE Forum
Conference and exhibition.
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 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
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