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Cost targets for domestic fuel cell CHP

By converting a low cost fuel (gas) into a high
value product (electricity) , fuel cells have the
potential to save on consumer energy bills.

However, if these savings donôtrepay the capital
cost of the equipment, nobody will buy the
technology.

In the absence of field trial data, computer
simulations can provide an estimate of the
savings a fuel cell CHPsystem would give.

INTRODUCTION

ÅThe performance of the current state of the art was researched, to develop
model inputs that better represent the technologies - (problem 1)

ÅThe ranges given below are the avg ± 1 std deviation of the consulted sources

IMPROVED MODEL INPUTS

AFC PEMFC PAFC SOFC

Capital 
Cost

ú100-450/kW + 
ú250 for extras

ú300-900/kW + 
ú250-500 for extras 

varies widely..

ú3000-4000/kW 

current sale price

~ú5000/kW now

ú300-600/kW + 
ú250 for extras

Electrical 
Efficiency

31-34% 29-32% 29-33% 33-38%

Degradôn 
Rate

12.5-30%/yr 2.5-12.5%/yr 2.5-5%/yr 2.5-5%/yr *

Lifetime 0.5-1.25 years 1-1.75 years 3.5-5 years 2-3 years*

SENSITIVITY OF RESULTS

The usual target quoted for
fuel cells to be competitive is
between ú300-700/kW.

Adding the savings made over
the system lifetime gives the
maximum cost target to beat.

Compare the cost estimates
(in the above table) with the
calculated cost targets. (below)

POTENTIAL FOR MARKET ACCEPTANCE
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Can fuel cells be commercially viable in todayôsmarket for domestic CHP?

1. The assumptions for CHP performance are
often optimistic, not reflecting real world

capability.

2. Data on the pattern of energy demand in UK
homes is not readily available, so the way
CHPdevices will be operated in your home is
not well understood.

3. Results from different studies arenôteasy to
compare as different input data and
assumptions are used.

PROBLEMS
A CHPsimulation program was written to calculate the fuel
consumption and cost of running different CHPdevices.

4 fuel cell technologies were considered:
ÅPEMFC& SOFCïbelieved to be the superior contenders
ÅAFC& PAFCïalternatives that have been demonstrated

Simple logic is used to govern how energy is supplied:

CHP MODELLING

The energy required and cost of heating a house for a 
year using CHP (left) and traditional generation (right)

Is there
an energy
demand?

Switch off, or
idle CHP plant

Was
excess energy

supplied?

Was all
the demand

met?

Decide the CHP
plant load factor

Calculate the heat
and elec output

Store or sell
energy if possible

Supplement with
stored energy or

backup equipment

Parasitic
loads

Cycling
strategy

Operating
strategy

Part load
efficiency

Electrochem.
degradation

YES

YES NO NO

NORead heat and
elec demand at

current time

Investigating the spread in
savings caused by each model
input shows their relative
importance ï(problem 3)

The savings on fuel bills from a
1kW PEMFC(right) vary by a
factor of 3 between houses.

This means energy costs are
23-29% less than using a
boiler and the grid only.

Larger houses (light blue)
typically save more by using a
fuel cell, as they have a large
enough energy demand to
keep it running all year.

In smaller houses (dark blue)
the savings tail off beyond
0.5kW capacity, and a larger
fuel cell provides little extra
benefit.

Efficiency 
is net, 

vs. HHV

75-85% 
total 

assumed

The target cost is shown against
the lifetime of a PEMFC. (above)

The annual savings are
similar for all fuel cells, at
ú240-270/yr. So, lifetime is
almost entirely responsible for
the differences in target cost.

As the size of installed fuel cell
increases, the target cost (per
kW) decreases, as it becomes
oversized for the house (below).

Reducing fuel cell capacity from
1.5 to 0.7kWe would allow for a
70% increase the in cost per kW
ïequal to just a 25% reduction
in total cost.
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CONCLUSIONS

For fuel cells that demonstrate a 2.5 year lifetime,
ú500 is a viable target for a 1kW system.

However, this can increase to ú750 by carefully
selecting which houses to install in.

More can be charged per kW for small systems as
they are better utilised in homes.

These targets assume that a boiler was still
required to provide enough heat to the house
(see top left image of CHPenergy flows)

If the fuel cell had an auxiliary burner, it could
entirely replace the boiler ïsaving the owner an
extra ú900-1100 on equipment.

Even with installation costs, this would mean an
equipment cost of over ú1000/kW would still save
consumers money over its lifetime.

The largest available set of demand
data was used, so the influence of
varied energy demand could be
investigated - (problem 2)

Energy consumption was measured
over a year from 80 low energy homes
built in the 1980ôs. These are similar to
new build houses in the UK today.

The size of energy demand is therefore the
most important factor determining the
savings from a fuel cell.

The pattern of energy demand ï the
overlap and ratio of heat to power ï is
equally as important as the presented
uncertainty in performance.

Improving efficiency by 2% has less effect
than choosing the right house to install in,
saving just ú25 per year, c.f. (ú50-75).

With continued research, any of the
fuel cell types has the potential to
succeedin domestic CHP

Marketing smaller fuel cells (< 1kWe)
would be more successful, with an easier
cost target and larger potential market

Designing a system to cover all heat
demand and replace the existing boiler
would greatly increase its potential


