TopNews
SPECIAL REPORT

Fuel cells:
“The next big thing”?
Fuel cell technology is taking over more and more areas
and is now making its way into family homes.

A look into the heart of a fuel cell: several individual
cells, each consisting of two electrodes, with a
membrane in between, are connected in series to
form a stack. This enables the electrical output for the
respective application to be achieved.
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nly five computers in the whole world – this statement
on the need for electronic computers made by Thomas
J. Watson, Chairman of the Board of the later computer giant
IBM, went wide of the mark by a long shot. When he ventured
this prediction in 1943, however, it could not be foreseen that
computers would begin to take over the entire world a few
decades later, to the point that nearly every household today
has a PC. The same could well happen with fuel cells.
In certain areas, their use is already a matter of course. For
instance, fuel cells have been used as a reliable source of
energy in space travel for the past sixty years. Today, not only
astronauts put their trust in this technology, but so do
submarine crews in the German armed forces. Fuel cells are
also being put to much more mundane uses. For instance,
increasing numbers of motor home owners in remote areas are
freeing themselves from the need for an external power
supply.
No longer a futuristic vision
In automotive engineering and on railways, the use of
fuel cells is no longer a futuristic vision, either. This new
technology has already been adopted by these sectors and is
now becoming firmly established. For instance, car maker
Toyota has been selling its mass-produced Mirai midsize
sedan in Japan and the U.S. since 2014. Plans for next year
involve making a fuel cell bus, and the Japanese government
is considering using it to replace nearly all of the country’s
35,000 conventional city buses. Mercedes also wants to put
a mass-produced, fuel-cell powered car on the market in the
coming year, the midsize SUV GlC. What is more, the first
fuel-cell trains are intended to start carrying passengers
between the German cities of Cuxhaven and Stade in 2018,
as well. The state public transit authority in Lower Saxony
(Landesnahverkehrsgesellschaft Niedersachsen) has ordered
a total of fourteen of these trains, which are to travel
between the Weser and Elbe rivers in the future.
Electricity and heat from a single device
Since 2014, this technology for simultaneously generating
electricity and heat has also been finding its way into homes.
Viessmann was the first manufacturer to put a massproduced, fuel cell heating device for single- and detached/
semi-detached homes on the market, the Vitovalor 300-P.
Since its launch, this device has proven to be a great success.
Heating contractors and homeowners alike are completely
satisfied (see customer experiences on pages 8 and 9).
Saves money and the environment
Apart from being extremely reliable, fuel cell heating also
saves a great deal of energy costs, which is one reason for
this satisfaction. Using self-generated electricity reduces the
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The Vitovalor 300-P fuel cell heating device has been proving its worth ever since it was launched on the market in the spring of 2014. Because it is so
efficient at generating electricity and heat, it can save up to forty percent on energy costs and cut CO2 emissions by about half.
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expense of purchasing it from the
power grid. Compared to purchasing conventional mains current and
generating heat with a gas condensing
boiler, it can lower a household’s energy
costs by as much as forty percent
and cut the emission of climatedamaging carbon dioxide by around
half (more information please see
www.viessmann.co.uk/vitovalor).
It is even possible to make some
extra money with the Feed-in Tariff
(FiT) scheme for generating electricity

and feeding it back into the public
grid. For instance, a Vitovalor 300P in a new or modernised existing
building can save an average of
£960 a year on energy costs (see
chart on page 5).
Fuel cell heating devices can also make
a major contribution to covering the
electricity demand during shortages
in the volatile generation of wind and
solar power. This takes the burden
off of power grids by generating
decentralised power in the home. That

is why installing a fuel cell heating
device is highly subsidised by the PACE
programme and by the UK Government
programme (FiT). This makes the cost of
investing in a heating system that also
generates electric power comparable
to that of a conventional heat pump
system. For more information on PACE
see page 7.
How does a fuel cell work?
The principle of the fuel cell has
been known since the first half of the
nineteenth century. As in a conventional

Mode of operation of the Vitovalor 300-P fuel cell heating device in the course of a day
Early morning
The first demand peak is in the morning.
The fuel cell generates heat and electricity, and the peak load module
switches on for additional warmth.

Mid morning
In the forenoon, the fuel cell continues
to run and covers the base-load – the
peak load module switches off.

Noon

Noon
Throughout the noontime hours, more
energy is needed for cooking or washing.
The demand for more heat is once again
covered by the peak load module.
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battery, a chemical reaction takes
place inside the cell between the
positive and negative electric poles.
Hydrogen reacts with oxygen from the
surrounding air to produce electricity
and heat, as well as water vapor
as a byproduct (more information
www.viessmann.co.uk/vitovalor).
Since there is as yet no widespread
infrastructure for supplying hydrogen,
conventional natural gas is used to run
stationary fuel cell heating devices. The
main constituent of the gas, methane
(CH4), provides the required hydrogen.
The natural gas inside the devices is
processed accordingly.
PEM or SOFC –
what is the difference?
All common varieties of fuel cell work
according to the basic pattern described
above. The various types, such as the
PEM (polymer electrolyte membrane)
or solid oxide fuel cell (SOFC), differ
essentially in the electrolytes ensuring
a controlled reaction of hydrogen and
oxygen, as well as in their operating
temperatures.
A plastic membrane is used as the
electrolyte in a PEM fuel cell. With
operating temperatures between sixty

Afternoon
In the course of the afternoon, energy
consumption once again drops, and the
fuel cell covers only the basic demand
for electricity and heat.

Example of average savings on electricity costs
with the Vitovalor 300-P in a new building

4,000 kWh/year
of electricity generated

£340
Savings

£70

£600
Savings

from self-generated from feed-in Tarriff
electricity
payment for power
generation

Remuneration
from 40%
feed-in

£1010

Total savings
On average, a Vitovalor 300-P generates about 4,000 kWh of electricity per year. Of this amount, about
2,400 kWh (60%) is generally used by the homeowners themselves, thus saving them around 0.14 pence
per kWh. The remaining 1,600 kWh (40%) are fed into the grid for a remuneration of 0.14 pence per kWh.
4000 kWh of generated electricity feed-in tariff of 0.14 pence per kWh..

and ninety degrees Celsius, short
start up times, and a large number of
possible start-stop cycles, are a huge
advantage and particularly well suited
for heating modern new buildings
and for existing buildings that have
been modernised to improve energy
efficiency.

The PEM fuel cell in the Vitovalor 300P is made by Panasonic and more than
200,000 of them have already been
installed in Japan. It is designed to last
for more than 70,000 hours of operation
and generates up to 16.5 kilowatt
hours of electricity in the course of a
day. This can cover a large part of the
requirement for a household.

Evening
In the evening hours, more electricity
is needed than the fuel cell generates.
Then additional electricity is drawn
from the public grid.

Nighttime
The demand for heat and electricity is
low. The fuel cell heating device covers
the entire energy requirement for the
house.
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SOFC getting ready for the market
SOFC fuel cells use a ceramic
material as the electrolyte and run
at a considerable higher operating
temperature, between 600 and 1,000
degrees Celsius. Since they can also be
run at high return temperatures, they
are especially well suited for existing
buildings with high heating system
temperatures. If high electric outputs
are also required, to supply power to a
charging station for electric vehicles, for
instance, they are also a good choice
thanks to their high degree of electrical
efficiency.
At present, the Swiss company Hexis,
member of the Viessmann Group, is
getting an electricity-generating heating
system based on a SOFC fuel cell ready
for market. The device will be suited
for use in detached/semi-detached
homes, as well as in smaller residential
complexes.
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A system that is capable of
learning
The Vitovalor 300-P fuel cell heating
device is optimised to make the best
possible use of electricity. Its operation
is primarily „heat-lead“, meaning that
the fuel cell is set to meet the current
heating and hot water demand of the
home. In addition, an energy manager
is integrated into the system controller
to ensure that electricity is produced
as required. This can make use of up to
sixty percent of the household’s selfgenerated electricity.
For the greater part of the day, enough
electricity is produced to cover the
requirement. Only at peak times,
such as in the early morning or in the
evening, is it necessary to purchase
electricity from the public grid. To offset
this, surplus electricity is fed into the
public grid during the nighttime hours,
and reimbursed.

More independent with an
electricity storage system
An additional electricity storage system
can increase the share of self-generated
electricity used in the home to as
much as 85 percent. This makes the
homeowner even more independent
of rising electricity prices. Instead of
feeding the surplus electricity in to the
grid, it can be stored to cover later peak
needs, or supplied to a charging station
for electric vehicles.

You can find more information on
fuel cell heating devices at:
``www.viessmann.co.uk/vitovalor
You Tube
``Viessmann UK

Vitovalor 300-P: facts and figures
Viessmann has integrated
the fuel cell made by its
Japanese partner Panasonic
into a compact, complete
system and adapted it for
use in Europe. The fuel cell
module includes a peak
load module with a gas
condensing boiler to cover
peak demands for heat, a
heating water buffer cylinder
(130 litres), a drinking water
storage tank (46 litres), and
a system control.
Both modules are fully
pre -assembled and only
take up a little more
than half a square metre of
space.

Technical data
Energy efficiency category
A++
Fuel cell module:
``Electrical output 750 watt
``Thermal output 1 kW

Gas condensing peak load boiler:
``Thermal output 5.5 to 19 kW,
optionally up to 25.2 kW
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PACE and MCS
certification
The Viessmann Vitovalor 300-P
fuel cell boiler has been reduced
in price from £18,000 to £9,990,
largely as a result of Viessmann’s
participation in the new European
PACE project. It has also gained
MCS certification, entitling owners
to claim approximately £6,000 over
10 years from the UK government’s
feed-in-tariff. The 45 per cent price
reduction makes the world’s first
mass-produced fuel cell boiler as
affordable as a heat pump, but it has
the additional benefit of producing
electricity as well as domestic heat.

New PACE scheme and MCS certification make Viessmann’s fuel cell
boiler financially attractive
To generate heat and electricity within
a single household, the Vitovalor 300P comprises a fuel cell unit, peak
load boiler, and hot water tank in a
single visual unit which requires just
0.65 square metres of floor space.
Combining the production of heat and
power makes energy savings of up to
36 percent compared to separate heat
and power generation and reduces
CO2 emissions by more than 30 per
cent compared to a conventional
heating boiler.
The
Vitovalor’s
PEM
(polymer
electrolyte membrane) fuel cell, which
converts gas to hydrogen for its energy
source, generates as much power as
30 square metres of photovoltaic cells.
Generating up to 15 kWh of electricity
per day, it is perfect for owners of
plug-in electric cars. Own-generated
electricity typically costs about onethird of electricity from the grid, and
under the feed-in-tariff users can also
claim 13.6 pence for every kWh of
power they generate. Its 1 kW per hour
thermal output is enough to meet most
of the heat demand in modern oneand two-family homes as the unit is
designed to run for 20 hours per day,
charging the heating water buffer and

hot water cylinder. On occasions when
more heat is required, for example on
particularly cold days or if a lot of hot
water is used in a short period, the
gas condensing boiler switches on
automatically.
The Vitovalor 300-P is as quick and
easy to install as any Viessmann wallmounted gas boiler, with hydraulics,

buffer and DHW cylinder integrated
into the system. As with any gas
condensing boiler, all that’s needed is
one power supply and one gas supply,
with the usual connections for flow and
return and for hot and cold water. All
components are well-proven, including
the Panasonic fuel cell, which is already
in use in over 200,000 installations in
Japan.

In Japan, 200,000 fuel cells are already supplying
heat
Viessmann is a member of a consortium of manufacturers participating in
the PACE project (Pathway to a Competitive European Fuel Cell microcogeneration), which was announced in October 2017. With €90 million of
funding from the EU and European industry, PACE aims to bring fuel cell
microcogeneration technology closer to mass market affordability and to
establish Europe as a global leader in the technology.
PACE is designed to facilitate the installation of at least 2,500 fuel cell microcogeneration units in Europe between now and 2021, and to encourage
the manufacture of at least 10,000 units per year after 2020. Driving-up
manufacturing volumes should bring economies of scale which further
reduce product costs, establishing fuel cell micro-cogeneration as a standard
technology. Previous grant schemes have helped encourage the installation
of more than 1,500 units in Europe’s most advanced market, Germany, and
more than 200,000 units in Japan.
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“These things just keep on running”
What homeowners and contractors think
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ince the spring of 2014, people
have been able to purchase and
in-stall the Vitovalor 300-P fuel cell
heating device. This technology, which
at the time was something completely
new for detached and semi-detached
homes, has now been available for
three and a half years. So the editorial
staff producing this Special Report
wanted to know what homeowners
and contractors have experienced with
these devices during that time.
Various motives for deciding to
make the investment
Apart from satisfaction, we were
also interested in the reasons why
homeowners decided to purchase a
fuel cell heating system. At the top
of the list were lower energy costs,
extremely reliable supply of electricity
and heat, as well as attractive subsidies.
These were followed by high levels
of efficiency and climate protection
thanks to very low CO2 emissions, as
well as greater independence from the
public power supply.

“We had actually
decided on a
different system”
Mr & Mrs Engelke in Wolverhampton: “We had the fuel cell
installed when we modernised our
house three years ago. My wife
and I had actually already decided
on a gas condensing boiler and
a solar thermal system, but after
doing the math back and forth, we
discovered that the additional cost
of the Vitovalor would pay off after
two to three years. The system
works very well.”

Homeowner Christian Engelke pictured with
Gavin Williamson MP for South Staffordshire

“Domestic fuel cells
are a vital technology
for reducing carbon
emissions”
Dr Peter Boait
from Cheltenham:
One of our first UK Vitovalor
300-P customers is a research
fellow at the Institute of Energy &
Sustainable Development at De
Montfort University in Leicester.
As such, Dr Boait was already
professionally motivated to explore
alternatives to the conventional gas
boiler. Dr Boait owns an electric
car, which he charges using
homemade electricity produced
largely by the Vitovalor.
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“Don’t be afraid”
Martin Jaroschenko, technical
specialist for central heating,
ventilation, gas, water and
installation, installed the devices
in the German cities of Künzell
and Fulda. “Why do I sell the
Vitovalor? That’s easy – I am
always at the forefront. We have
already installed a large number
of them – six already this year,
maybe even seven. These
things just keep on running,
no breakdowns. So you don’t
need to be afraid to offer your
customers this technology. I
push it wherever possible. What
is important for customers is
competent consulting that shows
how the additional costs can
usually be recouped in only a few
years.”

“Fuel cell and heat pump working together”
Mr and Mrs Wallace in
Dundee, Scotland: We had
recently bought Victorian style
property (circa 1850) in Dundee
which was in need of complete
refurbishment.
A major first step for us was
deciding on the heating system.
We were keen to do something
renewable that would be of
benefit both financially, reducing
our carbon footprint and overall
being far more environmentally
friendly.
Our original thoughts were
around installing an Air Source

“State support is noticeably pushing sales”
Thomas Essenpreis, Managing Director of Haustechnik GmbH in Östringen,
Germany, also has plenty of experience with the Vitovalor 300-P. “We have
now installed nearly forty devices and our experience is thoroughly positive.
The system functions without a glitch. The first models were still a bit
awkward to assemble because accessory parts had not yet been optimally
coordinated. Its height also made it impossible to set up in some basements,
unfortunately. But the new version has solved both of these problems. And
state support is noticeably pushing sales of the fuel cell.”

Heat Pump to provide heating to
the new heating system and give
us hot water.
However, after discussion with
our Installer Mollison HPR, one
Air Source Heat Pump alone
would not be sufficient to heat
the sizable house and with having
natural gas, we subsequently
decided the option of installing
the Viessmann Vitovalor 300 P
Fuel Cell boiler and an Air Source
Heat Pump in a bespoke system.
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First functional
fuel cell.
of a larger vehicle
driven by a fuel cell was a tractor presented
by Allis-Chalmers in 1959.

a reliable source of energy for
satellites, Gemini and Apollo
space capsules.
presented the Electrovan.
monstration vehicle.

presented the NECAR 1
(New Electric Car), based
on the Mercedes-Benz MB
100 van.

Catalytic oxidation of hydrogen (by means of steam reforming) at
the anode transmits electrons to hydrogen protons
Oxygen (from surrounding air) added at the cathode
to the cathode
Electron flow (active current) by way of the external circuit
Formation of water from oxygen (2) with electrons from the electric

The Class 212 and 214 submarines
being built by
shipbuilding
company since 2003 are driven by
air-independent fuel cell systems.

useful heat (exothermic reaction) to the cathode

Viessmann was the first
manufacturer to put a fuel
cell heating device for
detached and semi-detached homes on the
European market with the
Vitovalor 300-P in April
2014

In early 2008, a converted Airbus A320 with a fuel cell as a backup system for
the on-board power supply was tested. A positive side

Fuel cell vehicles in small series:
has been manufacturing the
Hyundai ix35 FCEV since 2013.
has been selling the Mirai since
2014, and
has been supplying the FCX Clarity since 2008. Its range of
589 km is particularly large for a purely electric-powered vehicle.

A 1.4-megawatt
is
starting operations in Mannheim, Germany. According
to the operator, it is so far the biggest in Europe. All the
power it generates is used locally.

is a component of water (H2O) and nearly all organic
comparison with other fuels. Hydrogen ...
does not self-ignite
does not decompose (as do acetylenes, for instance)
is not toxic, caustic, or radioactive
is odorless
does not pollute water
does not damage either nature or the environment
is not carcinogenic
burns without residue

Fuel (H2, CO)
Metallic connecting piece
Anode
Electrolyte

Cathode
Air
Thermal post-combustion
External circuits

Viessmann Limited
Hortonwood 30, Telford
Shropshire, TF1 7YP
Tel: 01952 675000
Fax: 01952 675040
www.viessmann.co.uk

9450 915 GB 09/2018
Copyright Viessmann
Duplication and alternative use only with prior written consent.
Subject to technical modifications.

