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Introduction: drivers for fuel cells 

This study is an assessment of opportunities for deployment of stationary and portable fuel cells at Heathrow Airport.  
The document complements a separate analysis of the opportunities for hydrogen transport applications. 
 
There are a number of drivers for consideration of fuel cells in stationary power applications at Heathrow.  Key drivers 
include: 
 
• Reduction of CO2 emissions – Fuel cells offer the potential to reduce Heathrow’s CO2 emissions through more 

efficient heat and power generation. 
• Air Quality improvement – Use of fuel cells produces fewer NOx and particulate emissions, compared to 

incumbent systems. 
• Reliability and availability – Fuel cells can outperform batteries and gensets in certain critical back-up 

applications. 
• Low noise – Noise pollution is a significant issue at Heathrow.  Fuel cells offer very quiet operation compared to 

incumbent gensets. 
• Integration with waste processing – Fuel cells could deliver benefits as part of an integrated waste management 

system at Heathrow 
• Synergy with transport applications – Adoption of hydrogen in both stationary and transport applications could 

be mutually beneficial 
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Introduction: Potential applications 

There are a range of potential applications around Heathrow where fuel cells could play a role: 
 
Prime and back-up power – diesel gensets are currently employed in a number of back-up power applications and 
there is interest in use of on-site generation in a peak-shaving mode (i.e. to run on-site generation to reduce the 
import of grid electricity during peak tariff periods).  
 
Mobile, grid-independent power – Diesel gensets are used to provide power to aircraft at stands where grid supply 
isn’t available.  Although preferred to running aircraft auxiliary power units (APUs), diesel gensets are noisy and emit 
pollutants in this application. 
 
Portable power and uninterruptible power supplies (UPS) – There are a variety of applications requiring small 
portable power supplies, such as lighting and tools.  There are also a number of battery UPS in operation on critical 
circuits such as emergency lighting. 
 
Building Combined Heat and Power (CHP) and trigeneration – Heathrow’s buildings demand substantial heating, 
electricity and cooling, currently largely served by gas boiler plant, electrical chillers and grid power.  There are 
numerous opportunities for fuel cells in CHP or trigeneration mode. 
 
The available applications are summarised on the following slide.  
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Portable floodlights   
Emergency lighting in buildings 

Provide power to aircraft 
while on stand  

Back-up to airfield power 
substations 

Control tower back-up power 

Building heat, cooling and power 

Capacity Current solution Load 

< 10kW 

100 – 200 KW 

500 KW 

1 MW 

100s kW to 
MWs 

Ground power units 
(mobile diesel genset) 

Fixed diesel gensets 

Fixed diesel gensets 

Boiler plant and grid 

Mobile gensets 
Battery UPS 

Number in 
use 

10s 

10s 

14 

1 

1 existing CHP + 1 
planned – potential 
exists for multiple 
systems  

Introduction: Applications and incumbents  
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The feasibility of a range of fuel cell options has been assessed in each application.  In each case, the assessment is 
based on: 
 
• Technical suitability and availability of appropriate fuel cells for the application 

 
• Economics – the economic analyses have been performed assuming a cost of capital of 6%, which is in line with 

Heathrow’s current weighted average cost of capital. 
 

• Operational need or benefits, i.e. do fuel cells offer an operational benefit compared to incumbents systems, such 
as reduced noise or pollutants. 

Introduction: Opportunity analysis 
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Executive Summary 

The main conclusions of this study are summarised below.  Note that this study has been performed in parallel with a 
complementary assessment of the opportunities for hydrogen and fuel cells in vehicle applications at Heathrow Airport.  
 
• Stationary fuel cells do not compete economically with incumbents at current technology costs and performance 

levels.  The vehicle study, however, has identified applications for which a genuine business case is likely to exist in 
the near term.  It is recommended, therefore, that BAA focus early effort on these vehicle projects. 

• BAA should continue to monitor developments of stationary and portable fuel cell technologies, particularly as they 
progress down their cost curves.  Engagement with these technologies should be re-evaluated as cost targets are 
met. 

• Gas-fuelled fuel cells may begin to compete with incumbent technologies in building CHP applications at a capital 
cost of around £2,500 /kW to £3,500/kW, depending on stack lifetime.  BAA should re-evaluate fuel cells for replacing 
existing gas and oil-fired boilers, alongside other options, as these cost targets are met. 

• Under the current incentive regime, the economics of fuel cells operating on anaerobic digester gas are much 
improved compared to natural gas options.  BAA should assess the feasibility of installing an onsite digester as part of 
its waste management processes and include fuel cells as an end-use for the digester gas in this assessment. 

• Natural gas or biogas-fuelled fuel cell CHP systems that also produce a hydrogen stream are being developed and 
commercialised.  As hydrogen vehicle trials create a demand for hydrogen at Heathrow, these technologies should be 
considered alongside other options for establishing a hydrogen supply. 

• Hydrogen fuel cells in mobile generator and back-up generator applications (e.g. ground power units and back-up to 
the airfield power) cannot compete with the incumbent diesel genset solutions at current cost and performance 
levels.  Significant technology cost reductions and a low cost hydrogen supply will be needed. 

• There may be a rationale for re-visiting mobile and back-up generator applications once a reasonable volume 
hydrogen supply has been developed at Heathrow, e.g. due to demand from vehicle applications. 

• Small-scale portable fuel cells or fuel cell UPS systems (<10kWe), provide a potential low-cost, near term option. 
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In this section, the potential for fuel cells to be used in mobile ground power unit (GPU), airfield back-up power 
and prime power applications is assessed. 
 
The study has focussed on hydrogen-fuelled fuel cells for these applications.  Work is going on to develop LPG, 
methanol and diesel fuelled fuel cells, however these are not yet available at the scales relevant to these 
applications. 
 
The hydrogen fuel cell systems assessed for these applications are as follows: 

Manufacturer Ballard Hydrogenics 
Model 1030 HD6 CLEARgen HyPM 

Type PEM* PEM PEM PEM 

The incumbent system in these applications are diesel gensets of various sizes. 
 
Assumptions regarding the detailed technical specifications and cost data for these systems  are given in the 
Appendix. 

A range of hydrogen fuel cell options have been 

assessed in mobile and back-up applications 

*Polymer Electrolyte Membrane (PEM) 
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Potential applications: Ground power units (GPU) 

GPUs are used to provide electrical power to aircraft while they are on the stand. 
 
Most stands at Heathrow have Fixed Electrical Ground Power (FEGP), but at those stands where this is not 
available, the mobile GPU is preferred to aircraft running their APU. 
 
GPUs are currently mobile diesel generators, typically with 90 or 180 kW output. 
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The rationale for use of fuel cells in the mobile GPU application are as follows: 

• Reduced air quality impact compared to the diesel genset. 

• Noise reduction – use of the diesel GPUs is not permitted after 10.30pm on grounds of noise pollution. 

• System efficiency – the diesel GPUs are not likely to be operating at high electrical efficiencies (≈ 20%). 

 

The major issues regarding use of fuel cells in this application are as follows. 

• BAA is contractually obligated to provide very high availability of FEGP (>99%), therefore the utilisation of 
mobile GPUs at Heathrow is low. 

• Fuel cells solutions would need to compete with the cost of electricity generated by generators fuelled with 
red diesel. 

• The mobile GPUs are owned by the airlines rather than by BAA. 

 

Mobile GPUs are noisy and polluting, but their 

use at Heathrow is fairly limited 
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Fuel cells struggle to compete with diesel 

gensets on cost of electricity grounds 

The GPU application requires fuel cells to be 
integrated into a mobile unit. 
 
An inverter and power conditioning will be 
required to provide a 400Hz AC output at 
115/200 Hz. 
 
The rate of H2 consumption at the GPU power 
output is likely to be too rapid for it to be 
practical to integrate a H2 store within the 
unit.  It is more likely that H2 will be supplied 
by a cylinder pack at the stand or from a 
mobile hydrogen storage vessel (a hydrogen 
bowser) . 
 
 
A cost of electricity comparison has been made between three 150 kW fuel cell options and a diesel genset.  The fuel 
cells assessed are based on Ballard HD6 (developed for automotive applications), Ballard 1030 (a simpler, lower cost 
stack architecture)  and Hydrogenics HyPM (the building block of Hydrogenics stationary fuel cell systems) stacks.  All 
of these are PEM stacks, offering rapid start-up and load-following capabilities required by the application. 
 

The total cost of ownership assessment has been made over a 10 year lifetime, assuming a 6% cost of capital.  The 
hydrogen supply price has been fixed at £8/kgH2. 
 
The cost of electricity generated by a diesel GPU is significantly lower than that of any of the fuel cell options, 
independent of application run hours. 
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Back-up power to the airfield ground lighting 

circuits 

Heathrow’s runways are illuminated by 
around 15,000 ground lights. 
 
The airfield ground lighting (AGL) circuit is 
fed by the electrical grid under normal 
conditions. 
 
There are 14 substations on Heathrow’s ring 
main, which feed the AGL circuits.  Each of 
these substations is backed up by a 500 kWe 
diesel genset. 
 
 

During times of low visibility, the diesel gensets are used as the primary supply to the AGL circuits with the grid 
as back-up.  This allows a < 1s change-over to be achieved in the event of loss of primary power. 
 
The gensets are rated at 500kWe, but run at part-load (load varies depending on what routes are lit at a 
particular time). The number of run hours accumulated by these diesel gensets is dependent on weather 
conditions, but will typically be low. 
 
The drivers for use of fuel cells in this application are primarily air quality, noise and efficiency. 
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Diesel gensets generate lower cost electricity, 

particularly for low run hour applications 

A cost of electricity comparison has been 
made between diesel gensets and fuel cell 
options in the AGL back-up application. 
 
The Ballard CLEARgen 333kWe and  
Hydrogenics HyPM (350kWe) system have 
been assessed.  
 
Two natural gas fuelled options, the UTC 
PureCell 400 (400kWe) and Fuel Cell Energy 
DFC300MA (300kWe), have also been 
assessed for this application. 

The cost of electricity of each option has been assessed over a 10 year lifetime (6% cost of capital). A hydrogen 
price of £8/kgH2 and a natural gas price of 3.5p/kWh has been assumed. 
 
The genset produces significantly lower cost electricity than the H2 fuel cells, across the range of utilisation 
considered.  
 
At higher run hours, the Pure Cell 400 and DFC300MA units become more competitive with the genset.  However, 
this assumes a natural gas supply is available, which is not currently the case at the substation locations. 
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• The drivers for considering fuel cells in the AGL application are similar to the case for the mobile GPUs, i.e. 
air quality and noise. 

 

• To improve efficiency, the airfield ground lights are progressively being switched over to LED lamps.  The 
current regulation devices presently used (needed to run the LEDs from an AC supply) are inefficient and 
the benefit of the higher lamp efficiency is being lost.  The ability to supply DC current more efficiently 
directly to the AGL circuits may also provide benefits. 

 

• Generally, the need for prime power generators and utilisation of any back-up generators is limited due to 
the strength of Heathrow’s electrical grid, which is fed by 4 separate incoming feeds.  

 

• Despite the redundancy of the grid supply, the AGL back-up generators do accumulate some usage due to 
the operational requirement for rapid switch-over in low visibility conditions.  Nonetheless, annual run 
hours are still low. 

 

 

Heathrow has a strong grid supply – back-up 

generators are seldom run.  
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Hydrogen price is a strong driver of project 

economics and will decrease with volume. 

Peak electricity price 
paid at Heathrow 

The earlier assessments of application economics have assumed a constant hydrogen price of £8/kgH2.  In practice, the 
unit price of H2 will decrease with increasing supply volume. 

BAA has expressed an interest in using distributed generation for peak-shaving. 
 
As shown in the plot on the right, low H2 prices are required for current fuel cells to compete with the upper bound 
grid supply cost, implying a substantial consumption of hydrogen onsite (>1,000 kg/d). 



17 

2.5

5

7.5

10

500 1,000 1,500 2,000 2,500 3,000

H
y
d

ro
g

e
n

 c
o

s
t 

(£
/k

g
H

2
)

Application hours of use

Fuel cell GPU - cost of electricity 
relative to diesel genset

-0.2-0 0-0.2 0.2-0.4 0.4-0.6

2.5

5

7.5

10

500 1,000 1,500 2,000 2,500 3,000

H
y
d

ro
g

e
n

 c
o

s
t 

(£
/k

g
H

2
)

Application hours of use

Fuel cell AGL back-up power - cost 
of electricity relative to diesel genset

-0.2-0 0-0.2 0.2-0.4 0.4-0.6 0.6-0.8

Availability of low cost hydrogen could allow fuel 

cells to compete in the GPU application 

The sensitivity of fuel cell economics to H2 price in the mobile GPU and AGL back-up applications has been assessed.  

Cost of electricity comparison (p/kWh) Cost of electricity comparison (p/kWh) 

Diesel genset 
electricity is lower cost 

FC electricity is 
lower cost 

At low costs of H2 (£2.5/kg), the FC mobile GPU becomes cost competitive with the diesel incumbent. 
 
(Note that this H2 price is  for H2 delivered to the application at low pressure.  Costly compression and dispensing 
equipment, e.g. as required for vehicle refuelling, are not required.) 
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Near term cost reductions should allow fuel cells 

to compete in certain applications  

£500 £1,000 £1,500 £2,000 £2,500 £3,000 £3,500 £4,000 £4,500 £5,000

£8 £0.62 £0.72 £0.83 £0.93 £1.03 £1.13 £1.23 £1.33 £1.43 £1.53

£4 £0.37 £0.47 £0.58 £0.68 £0.78 £0.88 £0.98 £1.08 £1.18 £1.28

£2 £0.25 £0.35 £0.45 £0.55 £0.65 £0.75 £0.85 £0.95 £1.06 £1.16

H2 price 

(£/kg)

Fuel cell specific capital cost (£/kW)

Range of capital costs of 
current technologies 

£500 £1,000 £1,500 £2,000 £2,500 £3,000 £3,500 £4,000 £4,500 £5,000

£8 £0.53 £0.54 £0.55 £0.55 £0.56 £0.57 £0.58 £0.59 £0.60 £0.61

£4 £0.28 £0.29 £0.30 £0.30 £0.31 £0.32 £0.33 £0.34 £0.35 £0.36

£2 £0.15 £0.16 £0.17 £0.18 £0.19 £0.20 £0.20 £0.21 £0.22 £0.23

Fuel cell specific capital cost (£/kW)

H2 price 

(£/kg)

Cost of electricity below Heathrow’s 
peak price (but above average tariff) 

Mobile GPU application 
 
Green shading highlights CoE 
falling below the equivalent 
diesel genset cost. 

The sensitivity of cost of electricity (CoE) to the fuel cell capital cost has also been assessed, as shown below: 

Prime power generation 
 
The CoE’s tabulated to the right 
are based on high load factor 
operation of a 1 MW system. 
 
Even at low capital costs, a low 
price H2 supply is needed to 
compete with current grid 
electricity prices. 

Capital costs dropping below £1,500/kW are within near 
term projections of manufacturers such as Ballard (for 
volume orders)  
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Back-up and prime power: Conclusions 

• Generator applications exist across a wide range of power requirements.  Drivers for fuel cells in these applications 
will primarily be noise and air quality concerns.  

• Mobile GPUs are recognised to be polluting and their use at night is restricted due to noise pollution.  The widespread 
availability of fixed electrical ground power at Heathrow means the usage of mobile GPUs is quite limited. 

• At current capital costs, fuel cells cannot compete with the cost of electricity generated by diesel genset GPUs (unless 
very low cost H2 were to become available). 

• Prime power applications and utilisation of back-up generators is generally limited, due to highly redundant grid 
supply. 

• BAA have expressed an interest in running onsite generation to peak shave during peak electricity tariff periods (up to 
£200/MWh electricity price).  For fuel cells to compete even with peak grid electricity, however, a low H2 price will be 
required. 

• If a hub of substantial H2 use could be created at Heathrow, initially driven by other applications (e.g. transport), then 
mobile and stationary applications could become economic as the H2 price is reduced.  

• Based on the limited operational need and poor economics, fuel cell GPUs and stand-by/prime power generators are 
unlikely to be a priority project.  They may have a role at Heathrow as part of a longer-term strategy, where other 
applications grow the demand for hydrogen (resulting in a lower supply price) over a period of reducing stationary 
fuel cell prices. 
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The rate of H2 consumption by GPU or AGL 

back-up applications is significant when in use 

The use of hydrogen fuel cells in either the mobile GPU or AGL back-up applications presents a hydrogen supply 
challenge. 
 
The mobile GPUs are moved around to provide power at the aircraft stand as required.  This implies the need for a 
mobile hydrogen supply to accompany the GPU. 
 
In the case of the AGL back-up generator, the large electrical load means that the rate of hydrogen consumption will 
be high during times of operation.  This will require a high capacity hydrogen store. 
 
The rate of hydrogen consumption for these two applications when in operation is shown below: 

Mobile GPU AGL back-up power 

Estimated average load during 
operation 

100 kWe 250 kWe 

Hydrogen consumed per hour of 
operation 

6.5 kgH2/hr 16 kgH2/hr 
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Manifolded cylinder pack (MCP) 
  
• Typically each pack of 15 

cylinders contains 10kgH2  

• Empty packs are swapped-out 
by hiab truck. 

Tube trailer 
• Each trailer contains ~300 kgH2 

• Swapped-out by truck when 
empty. 

• Typical arrangement to have 
two trailers on-site with a 
changeover mechanism to 
ensure uninterrupted supply 
 

Liquid hydrogen truck 
• Typical capacity of 3000 – 4000 

kgH2 

 

Mobile GPU 
• Given the rate of H2 consumption it may not 

be practical to integrate H2 storage into the 
fuel cell trailer. 

• MCPs are not easily mobile – not a practical 
solution for moving H2 supply from stand to 
stand. 

• A mobile H2 bowser that can be refilled from 
an on-site supply may be required. 

AGL back-up generator 
• A tube trailer would provide around 20hrs 

operation at 250 kWe average load, before 
needing to be replaced. 

• If fuel cells were to be used for higher run 
hour applications (e.g. for peak-shaving), then 
a larger H2 storage solution would be required 
(potentially involving liquid H2 deliveries). 

Delivered H2 solutions exist for a wide-range of 

scales of consumption 
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Technology Electrolyser Steam methane reformer 
Anaerobic digestion + 

biogas reformer 

 

 

 

 

 

 

 

 

 

 

 

Foot print Around 30 m2 for 120kg/d Around 30 m2 for 200 kg/d ? 

Fuel/energy 

requirements 
Electricity and water Electricity and methane 

Biodegradable waste and 

electricity 

Technology 

maturity 
Relatively mature 

Mature – extensively used 

globally 
Mature 

Cost 
Higher than SMR. Mainly 

depends on electricity price 

Depends on electricity and 

gas prices 

Significant capital 

investment required 

Advantages 

Fuel readily available, 

stand-alone systems 

available. 

Stand-alone, lower cost, 

smaller foot-print 

Reduces emissions from 

waste and associated 

land-fill costs 

Disadvantages 
More expensive H2 

production 

Requires access to gas 

grid 

Expensive, requires larger 

foot print and access for 

waste deliveries 

There are 3 main options for on-site generation 

of hydrogen 
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MCP 

Tube trailer 

LH2 trailer 

Onsite 
generation 

Vaporiser & 
compressor 

Gas processing 
& compression 

On-site 
compressed 
gas storage 

Pressure 
regulator / 
dispensing 

facility 
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H2 

distribution 
Fuel cell 

applications 

The various hydrogen supply options are outlined schematically below: 

In the case of the mobile GPUs, hydrogen could be distributed to the stands from a centralised airside hydrogen storage 
facility using mobile H2 bowsers. 
 
In the case of the AGL back-up generators, a compressed hydrogen store would need to be located adjacent to the fuel 
cell.  Hydrogen supply logistics would become more challenging if there were a distribution of fuel cells across the airport 
and as the rate of H2 consumption increases, e.g. if fuel cells were to be used for peak-shaving. 

The choice of H2 supply configuration will depend 

on scale of demand and locations where consumed 

Note that the safety aspects of using these hydrogen 
supply options at the airport have not been assessed in 
detail.  In particular there may be concerns 
surrounding large-scale liquid hydrogen storage, as a 
liquefied H2 leak could result in the formation and flow 
of a hydrogen cloud.  The H2 cloud behaves like a heavy 
gas, remaining in high concentrations near the ground 
rather than dispersing rapidly.  This increases the risk of 
fire and explosions. 
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Summary of hydrogen supply logistics 

• Back-up generators for the airfield ground lighting circuits are run fairly infrequently.  When they are in 
operation, however, the load is significant.  If fuel cells were to be used in this application, a substantial H2 store 
would be required to ensure adequate supply over the operating period.  This could be a bank of MCPs or a tube 
trailer. 
 

• The mobile GPUs have a lower power output, but the rate of H2 consumption may still be too high for 
integration of cylinders into a mobile unit.  The solution could be MCPs at the aircraft stand or possibly a mobile 
H2 bowser that could be moved between stands as required. 
 

• The means of supplying hydrogen to Heathrow will be dictated by the scale of the demand. In general, the cost 
of H2 will decrease as the scale of consumption at Heathrow increases. 
 

• Given that the economics of hydrogen fuel cell applications do not compete with incumbent systems until a low 
cost H2 supply is available, it is likely that growth of H2 consumption will be driven by transport applications, 
where there are clearer financial and operational benefits in the nearer term. 
 

• If the scale of H2 consumption reaches a level that justifies a large-scale refuelling facility, based on large-scale 
deliveries or on-site generation, then H2 may become available at a cost that is attractive for prime and back-up 
power generation applications. 



26 

• Back-up and prime power applications 

• Hydrogen supply options 

• Building CHP and trigeneration applications 

• Biogas-fuelled systems 

• Portable power and UPS 

• Conclusions 

Contents 

• Introduction & Executive Summary 



27 

The existing heating infrastructure is dominated 

by four main boiler plant rooms. 

In addition to the main boiler plant at T5, T4, Building 448 and the World Cargo Energy Centre (WCC EC), 
there are multiple smaller boiler houses supplying buildings on the periphery.  Many of these are gas oil 
fuelled, due to a lack of available natural gas infrastructure. 

Heathrow’s main existing boiler rooms are shown on the image below: 
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T4 

T4 Baggage store 

A new energy centre is being constructed (at T2A on the map) to serve T2. This is intended to include a 
biomass CHP unit and gas boilers.  This energy centre will eventually be connected via heat main to T5 and 
eventually the ring main will be completed via a new connection from T5 to the central terminal area. 
 
Note that the World Cargo Centre and all remaining plant (marked in red) are not expected to be connected to 
this heat network. 

Planned development of the heating 

infrastructure 
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The ongoing renewal of the airport will lead to large-scale energy infrastructure investment.  The construction of the 
T2 energy centre is key to the future plans.  The T4 boiler plant is also ageing (> 20 years old) and may be due for 
replacement in the relatively near term. 

Projections of the heating and cooling demand in T2 have been made based on data submitted at planning stage. 

The terminal heating and cooling loads provide 

a good baseload for a CHP or trigen system 

T2 – modelled space heating load T2 – modelled cooling load 

The thermal loads on the T2 plant will exceed those shown above once T2 is connected to T5 and the Central Terminal 
Area (CTA) via a heat main.  Combined with the opportunity to generate summer cooling via an absorption chiller, this 
will provide a large baseload for operation of a fuel cell in CHP mode, with excess summertime heat on the network 
used to provide cooling (trigeneration). 
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The redevelopment of the terminal buildings could provide opportunities for large-scale CHP and potentially 
trigeneration.  A comparison has been made between the currently planned biomass CHP and two fuel cell options for 
the T2 energy centre.  In each case it is assumed that absorption chillers are installed to provide cooling, creating a 
summer time thermal load for the CHP plant. 

The very large thermal base load enables fuel 
cells to operate at very high utilisation, without 
heat rejection. 
 
The economics do not compare favourably 
against the biomass ORC, however. 
 
The principal reason for this is the lack of 
incentives for the fuel cells, compared to the 
biomass system which is eligible to receive 
ROCs and the RHI (an RHI of 2 p/kWh has been 
assumed). 
 
Heathrow’s low electricity tariff (average of 
6.5p/kWh) is also unfavourable for the 
economics of fuel cells. 

The proposed biomass CHP is a cost-effective 

solution for T2, based on substantial incentives 

Note that in the Base Case the heat load is met with gas boilers and the 
cooling load with electric chillers (COP = 4). 

Technology
Biomass 

ORC CHP
FCE DM3000 4 x MTU346

Total capital cost £7,200,000 £10,500,000 £8,837,840

Annualised cost of capital £978,249 £1,426,614 £1,200,779

Annual maintenance cost £226,491 £858,480 £303,096

Annual technology replacement cost £190,220 £0 £655,664

Annual fuel cost £2,847,676 £2,510,012 £1,867,959

Cost of imported electricity £4,666,505 £4,142,564 £5,007,216

Value of ROCs / FIT -£1,019,212 £0 £0

Value of RHI -£1,019,212 £0 £0

Total annualised cost £6,870,718 £8,937,670 £9,034,714

Base Case annualised cost £7,176,645 £7,176,645 £7,176,645

Net annual benefit £305,927 -£1,761,025 -£1,858,069

Tonnes of CO2 saved 13475 5820 3104

Cost of CO2 saving (NPV/tCO2) -£23 £303 £599

% CO2 reduction compared to Base Case 26% 11% 6%

FCE 
DFC3000 
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The World Cargo Centre has been identified as a potential application for a fuel cell, as it is not intended to be 
connected to the new heat main and is currently served by oversized and inefficient boiler plant. 
 
The centre comprises 6 cargo sheds and the Gate Gourmet food processing facility.  The centre is heated all year 
round, with a winter peak demand of around 6MW. 
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The World Cargo Centre is a potential near term 

opportunity for fuel cell CHP. 
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The World Cargo Centre operates a high-temperature hot-water heat distribution system (flow at 165°C).  The 
requirement for high temperature heat will limit the amount of waste heat that can be recovered from fuel cells in 
this application. 
 
There is some cooling load related to air conditioned office space and stores for perishable goods, however this is 
not believed to be extensive (currently met by electric chiller plant). 
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Conventional CHP systems are operated in a heat load following mode.  In the case of fuel cell systems, however, it is 
usually preferred to operate the system at continuous electrical output (apart from downtime for maintenance).  In 
order to limit the need for heat rejection, either a continuous thermal base load or adequate thermal storage is 
required. 
 
The World Cargo Centre lacks a large summer heat load, which restricts the size of fuel cell CHP system that could be 
operated without significant heat rejection.  This is demonstrated in the plots below of the use of thermal output 
during a week in summer.  The plots are taken from simulations of a FCE DM1500 (650 kW of heat available) and UTC 
Pure Cell 400 (230 kW heat available) operating at continuous output, with waste heat being used to meet the World 
Cargo Centre heat load. 
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Significant heat rejection during summer. Limited use of thermal storage enables the CHP to 
operate without heat rejection. 

The CHP is assumed to operate at high load 

factor, potentially requiring heat to be rejected 
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The economics of the FCE DM1500 and UTC PC400 in the World Cargo Centre CHP application have been assessed, as 
shown in the table below (economics are shown relative to a base case of the current heating system).  For 
comparison, the economics of installation of a conventional gas CHP plant (1500 kWe gas engine) have also been 
included. 

The economics of the fuel cell CHP options 
are not attractive compared to the incumbent 
system.  The fuel cells also do not compare 
favourably with the engine-based CHP option. 
 
The economics of fuel cell CHP are 
undermined by 3 main factors: 
• The high capital cost per kW installed. 
• The low output of high temperature heat, 

particularly for the UTC unit (for 
compatibility with the existing high 
temperature heating system). 

• Excess heat rejection for the larger FC 
systems. 

The fuel cell CHP economics do not compare 

favourably with gas CHP 

Technology FCE DM1500
UTC PureCell 

400
Gas CHP

Total capital cost £4,895,169 £2,462,169 £2,262,169

Annualised cost of capital £665,097 £334,530 £307,356

Annual maintenance cost £356,215 £122,640 £112,362

Annual technology replacement cost £0 £0 £75,658

Annual fuel cost £1,066,200 £742,859 £1,172,130

Cost of imported electricity £150,889 £968,841 £241,251

Value of ROCs / FIT £0 £0 £0

Value of RHI £0 £0 £0

Total annualised cost £2,238,401 £2,168,870 £1,908,758

Base Case annualised cost £2,115,133 £2,115,133 £2,115,133

Net annual benefit -£123,268 -£53,736 £206,376

Tonnes of CO2 saved 3818 2004 4816

Cost of CO2 saving (NPV/tCO2) £32 £27 -£43

% CO2 reduction compared to Base Case 31% 16% 39%

FCE 
DFC1500 
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Substantial capital cost reductions are required 

for fuel cells to compete in CHP applications 

The sensitivity of economics of fuel cell CHP to capital cost reductions (with associated reductions in re-stacking costs) 
has been assessed. 
 
The net annual benefit of two fuel cell options – the FCE DFC1500 and UTC PC400 – compared to conventional heating 
(gas boilers) and grid electricity is plotted below at various fuel cell specific capital costs (£/kW).  Also plotted are the 
net-benefits delivered by two gas engine options, based on Jenbacher gas CHP, of similar capacity. 

Relationship between fuel cell capex and net 
annual benefit in CHP applications In this analysis the fuel cell CHPs are 

assumed to operate at 90% load factor.  It 
is further assumed that all heat is useful. 
 
Gas and electricity prices have been fixed 
at 3.5p/kWh and 10 p/kWh, respectively. 
 
In order to compete with conventional 
supplies, a capital cost target of 
£2,500/kW to £3,500/kW needs to be 
met.  The difference in target price point 
between the two technologies results 
from differing fuel cell stack life. 
 
To compete with gas engine CHP, a price 
point of around £1,500/kW needs to be 
met.   
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The options for fuel cells in cogeneration 

applications in the UK are limited 

During the course of this study, Tognum AG, the parent company of MTU, 
has announced that it is discontinuing its fuel cell activities for stationary 
power generation.  The reason given for the decision is the belief that the 
fuel cell business is unlikely to become commercially viable in the medium 
term, given current market conditions and subsidy schemes. 

The UTC Pure Cell is not currently available in the UK.  There is no version 
capable of providing a 50Hz output and no defined roll-out strategy for 
the UK.  UTC are concentrating on the US and other markets where there 
is a sufficiently attractive subsidy scheme (such as Korea).  UTC suggested 
that an introduction to the UK in 18-24 months is possible, by which time 
they would expect to have reached a price point of around $5,500/kW. 
 
In general the strategy is to introduce the product into other markets 
when  cost reduction reaches the point that it becomes viable or when 
sufficiently generous incentives are introduced. 

Fuel Cell Energy are actively pursuing opportunities for their 
systems in Europe.  They expect to install their first system in 
the UK in London this year. 
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Fuel Cell Energy can also provide a H2 supply 

from their molten carbonate fuel cells 

Fuel Cell Energy offer a novel system, providing outputs of power, heat and hydrogen – the DFC-H2 process. 
 
In the standard FCE system, natural gas is internally reformed to produce hydrogen , which is consumed at the fuel cell 
anode.  Residual hydrogen left-over in the anode exhaust stream is usually used to pre-heat the air being fed into the 
cathode. 
 
In the DFC-H2 process, waste heat is used to pre-heat the cathode’s air supply, while the anode’s exhaust stream is fed 
to a H2 separation unit.   This process is shown schematically in the diagram below.  
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The energy balance of the DFC-H2 system compared to the standard Fuel Cell Energy plant is shown schematically  
below.  The schematic corresponds to the 300 kWe DFC300 system. 

In the H2 generation configuration,  the DFC300 produces 135 kgH2 per day (assuming continuous operation).  The 
outputs of the other systems in the range are tabulated below: 

Product Nominal output, kW Output in H2 mode, kW H2 output, kg/d 

DFC300 300 250 135 

DFC1500MA 1200 1000 545 

DfC1500B 1400 1170 635 

DFC3000 2800 2300 1270 

The system provides onsite H2 generation, while 

supplying electricity and heat 

The H2 output of the 1.5 MW 
system would be adequate for 
an extensive trial of small 
vehicles, such as tugs, forklifts 
or taxis.  
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The Fuel Cell Energy DFC/H2 plant could provide on-site hydrogen generation to power other fuel cell applications 
around the airport, such as baggage tugs, forklifts or fuel cell GPUs. 
 
The molten carbonate fuel cell also has the potential to be fuelled by biogas, thereby generating a supply of green H2 
on-site. 
 
Fuel Cell Energy forecast that the cost of hydrogen produced by the DFC/H2 system will be competitive with delivered H2 
from natural gas reforming, based on mature product cost assumptions for the DFC3000.  Further discussion with Fuel 
Cell Energy and Air Products, suppliers of the anode exhaust gas separation equipment, would be required to 
understand near term costs. 

DFC-H2 

Natural gas 
or biogas 

Heat 

H2 
Elec. 

The cost of H2 generation via this system 

requires further investigation 
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Building CHP: Conclusions 

• Heathrow is undergoing significant renewal and redevelopment.  As part of this, the main terminal areas (excluding 
Terminal 4) are to be connected by a heat main.  A new T2 energy centre incorporating a biomass CHP is a key 
component of this strategy.   

• Analysis of fuel cell CHP compared to biomass CHP at the T2 energy centre has shown that fuel cells cannot 
compete on economic grounds in the near term.  The financial incentives available for biomass CHP are a key 
reason for this. 

• The World Cargo Centre (WCC), which is not expected to be connected to this heat main, has been identified as a 
potential opportunity for a fuel cell.  The Centre has a peak load of around 6MW and a modest summer base load 
(no significant cooling load). Simulation suggests that a fuel cell, e.g. the FCE DM1500, running on natural gas could 
provide a substantial CO2 reduction (although some heat rejection would be required). 

• The economics of fuel cell CHP in the WCC are not attractive compared to the incumbent system and, significantly, 
do not compare well against a gas engine CHP alternative. 

• Smaller scale opportunities for a fuel cell CHP project, which may be more suitable for a first project at the airport, 
could exist in the buildings around the periphery of the airport, isolated from the heat mains.  Many of these 
buildings do not have a natural gas supply. 

• The FCE DFC-H2 system is a potentially interesting solution for Heathrow.  The generation of H2 on-site is potentially 
complementary with hydrogen transport objectives.  In this case, the H2 stream would be a higher value product, 
improving the economic case for the system. 
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Heathrow’s significant waste arisings are a 

potential resource for biogas production 

Significant waste arisings are generated at Heathrow, estimated to be around 104,000 tonnes according to the 2009 
Heathrow City Waste Footprint analysis. 
 
Just under 30% of this waste is managed under a BAA waste contract.  A large fraction of the airport waste stream is in-
flight catering waste (over 50% of total waste arisings), which is not managed under BAA’s waste contract.  BA’s waste 
(around 8% of total waste arisings) is also dealt with under a separate contract, managed by BA. 

Business 
Annual waste 

arisings (t) 
Share (%) 

BAA 28,972 28% 

Hotels 5,447 5% 

In Flight 
Catering 

57,772 56% 

Cargo 
handling 

2,179 2% 

BA 8,424 8% 

Royal Mail 728 1% 

Total 103,522 100% 

Composition of waste managed under the BAA waste 
contract 
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The waste streams produced at Heathrow present a potential opportunity for generation of biogas and potentially 
hydrogen, which could be used by fuel cells in use around the airport. 
 
Under the BAA waste contract, around 7,000 t/yr of food waste is currently taken off-site for processing.  This waste 
could be turned into a resource for generation of biogas via an onsite anaerobic digester.   
 
The anaerobic digestion facility shown in the image below is capable of processing up to 10,000 t/yr and produces 
sufficient biogas to fuel a conventional gas CHP engine of around 350-400 kWe capacity. 

A much larger food waste resource is generated by in-flight catering, nearly 58,000 t/yr.  Food waste from in-flight 
catering is classed as Category 1 ABP (animal by-product), however, and therefore not suitable for processing by 
anaerobic digestion. 
 
A relatively small additional amount of suitable waste will be generated by other businesses, such as BA and the 
hotels.  BAA do not currently have access to this waste. 

Biodegradable waste currently under BAA’s 

control would be suitable for a small-scale digester  
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A high-level economic analysis of a small biogas plant has been performed in order to estimate the cost of biogas 
available to CHP projects. 
 
It has been assumed that the processing cost for BAA’s food waste should be capped at the gate fee currently paid for 
disposal (estimated at 60 £/tonne) and that the plant is operated to provide a commercial rate of return of 10% over 
10 years. 

Anaerobic digester plant economics 

Annual waste input 7,000 tonnes/year 

AD plant capital cost £2,500,000   

Cost of capital 10%   

Period  10 years 

      

Gate fee 60 £/tonne 

O&M cost 30 £/tonne 

      

Annualised capital cost £406,863 £/yr 

Annual O&M cost £210,690 £/yr 

Gate fee revenue £421,380 £/yr 

      

Annual biogas yield 6,987,292 kWh/yr 

Break-even biogas price 0.028 £/kWh 

Based on this high-level analysis, biogas could be available at a 
price of < 3 p/kWh, i.e. comparable to the price of natural gas (and 
insulated to some extent from future price increases). 
 
The biogas price is highly sensitive to the plant scale (through-put 
and capex), IRR and waste processing cost.  
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The potential biogas yield from processing of BAA’s food waste is relatively small at around 7,000 MWh/yr. This is only 
sufficient to fuel a single fuel cell CHP of around 400 kWe capacity. 
 
The use of anaerobic digestion gas would necessitate a further fuel processing step to remove impurities, such as 
sulphides and halides.  Modification to the fuel cell system may also be required to compensate for the lower calorific 
value of biogas compared to natural gas, such as enabling an increased fuel flow rate.  The additional plant and system 
modifications will result in an increased capital cost and may also increase maintenance costs.  The electrical efficiency of 
the fuel cell when operating on biogas may also be reduced compared to performance when using natural gas. 
 
Furthermore, the anaerobic digester has a parasitic heat requirement, which reduces the available thermal output from 
the fuel cell CHP system.  A highly simplified schematic of the system is shown below.  

Food waste 
reception 

Anaerobic 
digester vessels 

Separator 
Final 

storage 

Gas processing 
unit 

Fuel cell CHP 

Liquid fertiliser Solid fertiliser 

Electrical loads / grid  

Thermal loads 

Biogas 

Heat output 

Additional gas clean-up equipment would be 

required to use digester gas in fuel cells 
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The advantages of operating the fuel cell on a biogas fuel stream are increased CO2 savings and a potentially improved 
economic case due to the incentives available for generation of renewable energy. 
 
Currently generators of electricity from anaerobic digestion gas at this scale are eligible for support under the feed-in 
tariff (FIT) or the Renewables Obligation (RO), with a banding of 2 ROCs/MWh. 
 
The level of support under the FIT for <500kWe generators is currently 11.5 p/kWh for a period of  20 years.  This is a 
higher level of support than available under the RO at current ROC prices. 
 
The heat output of a CHP fuelled with digester gas may also be eligible for the Renewable Heat Incentive (RHI) when 
introduced.  It is not clear what the level of support for heat from digester gas under the RHI will be, or what 
implications the introduction of the RHI might have for future levels of support under the FIT or RO. 
 
 

Use of biogas could dramatically improve the 

economic case, due to the incentive regime 
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The economics of the UTC Pure Cell 400, MTU HM346 and FCE DFC300 systems at the World Cargo Centre have been 
reassessed in the case of use of biogas fuel.  A conservative assumption that the systems are supported by the FIT (at 11.5 
p/kWh) but not the RHI has been made.  Capital cost and performance figures have been revised to reflect the use of 
biogas. 

The availability of the Feed-in Tariff dramatically 
improves the economic case.  The systems are 
shown to generate an economic return, based on 
a biogas price of 2.5 p/kWh.  
 
The sensitivity of the economics to biogas and 
electricity prices are shown in the table below for 
the UTC Pure Cell 400. 

Note that in the case of the UTC PureCell 400, the fuel 
cell output is de-rated to 300 kWe, due to the lower 
calorific value of biogas. 

2 2.5 3 3.5 4

6 £47,352 £16,066 -£15,220 -£46,506 -£77,791

7 £73,632 £42,346 £11,060 -£20,226 -£51,511

8 £99,912 £68,626 £37,340 £6,054 -£25,231

9 £126,192 £94,906 £63,620 £32,334 £1,049

10 £152,472 £121,186 £89,900 £58,614 £27,329

11 £178,752 £147,466 £116,180 £84,894 £53,609

12 £205,032 £173,746 £142,460 £111,174 £79,889

Biogas price (p/kWh)
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The economic proposition is robust to a higher 
biogas price (based on the higher electricity tariff 
at the World Cargo Centre – 10p/kWh). 

Fuel cells operating on biogas could be 

profitable 

Technology
MTU HM346 - 

Biogas

UTC PureCell 

400 - Biogas
FCE DFC300

Total capital cost £2,938,218 £2,803,758 £2,336,169

Annualised cost of capital £399,210 £380,941 £317,410

Annual maintenance cost £90,929 £162,029 £110,376

Annual technology replacement cost £163,916 £0 £128,340

Annual fuel cost £747,349 £750,066 £714,467

Cost of imported electricity £1,018,179 £1,060,208 £1,060,208

Value of ROCs / FIT -£348,560 -£302,220 -£302,220

Value of RHI £0 £0 £0

Total annualised cost £2,071,022 £2,051,025 £2,028,581

Base Case annualised cost £2,172,210 £2,172,210 £2,115,133

Net annual benefit £101,188 £121,186 £86,553

Tonnes of CO2 saved 3145 2889 2851

Cost of CO2 saving (NPV/tCO2) -£32 -£42 -£30

% CO2 reduction compared to Base Case 24% 22% 23%
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Biogas fuelled systems:  Conclusions 

• Substantial waste arisings are generated at Heathrow (over 100kt per year).  Around 30% of this is controlled under 
BAA’s waste contract. 
 

• This provides a stream of around 7-8 kt/yr of biodegradable waste, which could be used for biogas production via 
anaerobic digestion (a modest further food waste resource is generated by the hotels, although this is not 
currently under contract to BAA).  A much larger amount of biodegradable waste is generated from in-flight 
catering, however this is classed as hazardous and not suitable for AD. 
 

• A high-level analysis has indicated that a small-scale digester could be commerically viable, based on a waste 
processing cost of ~ £60/tonne and biogas valued at ~  3p/kWh (no value has been attached to solid / liquid by-
products). 
 

• The economics of fuel cells operating on biogas (at 3p/kWh)  are significantly improved, based on availability of a 
feed-in tariff of 11.5 p/kWh (for anaerobic digestion of < 500 kWe).  This includes accounting for additional gas 
clean-up equipment and potential modification or de-rating of fuel cells to account for the lower calorific value fuel 
stream. 
 

• The development of an AD plant on-site would, however, require significant capital investment (estimated at 
around £2.5million) and take-up a significant area (around 2,500m2). 
 

• It is also significant to note that the feed-in tariff policy does not differentiate the tariff between generator 
technologies (e.g. between fuel cells and gas engines).  A gas engine CHP operating on digester gas would offer 
better economics and present less technical risk than a fuel cell. 
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There are a range of small genset and battery-

powered applications around the airport 

There is a variety of uses for portable generators around the 
airport.  These include portable lighting rigs and construction 
tools. 
 
These gensets are typically of 10 to 20 kW.  The majority of 
them are on hire. 
 
In addition, there are a number of battery-powered hand-
held task lights in use, including low power LED lamps. 
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There are clear performance benefits from using fuel cell generators for 
mobile power applications.  These include: 
 
- Reduced noise of operation 
- Reduced diesel particulate emissions 
- High efficiency and reduced CO2 emissions 

 
 
The images depict a mobile fuel cell genset and lighting rig developed 
with funding from a consortium of the US D.O.E, Sandia National Labs 
and Boeing. 
 
Integrated into the trailer are: 
 
- A 5kW Altergy PEM fuel cell 
- Two 350 bar hydrogen tanks, storing 4kgH2 

- A 2.5 kW lighting rig (using plasma lamps) 
 
The system provides 20 hours of lighting at 2.5 kW output. 

Fuel cells can provide operational benefits such 

as reduced noise and pollutant emissions 
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A number of companies have developed fuel cell systems suitable for portable power applications in the sub-5kW power 
range.  Typically these systems are not integrated with an on board H2 supply.   Some examples are shown below. 

BOC-Linde’s 150 W 
Hymera, together 
with the ZH 
cylinder, providing 
20 hrs continuous 
output.    

The H2-Power BG120 has 
been developed by Coelmo, 
based on the Ballard Nexa 
stack.  Rated at 1kW output. 

Axane (Air Liquide) have 
developed the Mobiaxane for 
portable applications.  
Capable of providing up to 
2.5kW output. 

The Purity has been 
jointly developed by 
stack supplier Nedstack 
and genset company 
Bredenoord.  It is a 5 
kW system mounted 
with a H2 cylinder 
bundle on a single skid. 

A number of manufacturers have developed 

portable fuel cell gensets   

There are a number of other packaged units available and OEM integrators may be interested in developing 
systems (based on stack technologies from various manufacturers), particularly if there were an opportunity to 
supply multiple units. 

http://upssystemspower.co.uk/files/2010/11/BOC-Hymera-200.png
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Battery UPS systems are in use at Heathrow.  

Fuel cells offer advantages in this application. 

A number of small UPS systems are in use around the airport, feeding critical electrical 
systems such as emergency lighting.  Currently battery UPS systems are employed. The 
rated power output of these systems is typically < 5kW. 

 

UPS systems have been identified as a key early market for fuel cells and many PEM fuel 
cell developers are offering products tailored to this application. 

 

• There are a number of advantages of fuel cells in UPS applications: 

 More reliable than traditional UPS and Backup Power systems 

 Quicker Start-Up time 

 Longer life 

 Higher energy density than traditional batteries 

 Ability to hot swap hydrogen fuel 

 

• Hydrogen is still an expensive fuel, but UPS / BP usage implies: 

 Little fuel consumption 

 The energy service is highly valuable (low cost sensitivity) 
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There are economic benefits to fuel cell-based 

UPS, due to reduced cost of battery replacement 

The plot illustrates the expected cost saving over time delivered by fuel cell UPS systems compared to battery 
solutions. 
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Fuel cell based UPS products exist from 100’s 

of Watts to approx. 50kWe 

Fuel cell based UPS systems have been deployed in a range of applications, such as telecom mast back-up 
power and data-server back-up.  

 

Stand alone and rack mounted solutions are available from numerous suppliers.  Some examples are shown 
below 

 

 

 

 

 

 

 

 

 

 

 

 

Rack mounted UPS 10-30 
kWe form UPS ltd 

Stand alone UPS from Relion 
– 2kWe 

1.6 kWe backup power from 
Dantherm 
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Some promising Fuel Cell options 

for backup power / interruptible power supply: 

 Supplier Model Rated Power Voltage 
Temperature 
of operation 

Dimensions Weight Fuel 

Relion 

T-1000 
From 0  to 

1.5kW 
24V or 48V 

(DC) nominal 
From 2C to 

46C 

W: 35.6cm 
D: 54.6cm  
H: 66cm 

44kg – 74kg Hydrogen 

T-2000 
From 0  to 

2kW 
24V or 48V 

(DC) nominal 
From 2C to 

46C 

W: 53.3cm 
D: 54.6cm  
H: 66cm 

61kg – 110kg Hydrogen 

DanTherm DIB2000 1.7kW 
Within -45 V to 

-57V (DC) 
From -30C to 

60C 

W:  35.5cm 
D: 62.8cm  
H:  35.5cm 

40kg Hydrogen 

P21 T 4000 
From 0.8  to 

4kW 
From -44V to -
57V (DC) 

From -25C to 
45C 

W:48.3cm 
D: 57.5cm  
H: 75.6cm 

90kg Hydrogen 

Hydrogenics 

HyPM   
 

XR4, XR8, XR 
12 

Maximum 
power from 

4.5kW to 
12.5kW 

From 20V to 
60V (DC) 

- 
W: 46cm 
D: 75cm  
H: 31cm 

75kg – 83kg Hydrogen 

HyPM   
 

HD4, HD8, 
HD12, HD16 

Maximum 
power from 

4.5kW to 
16.5kW 

From 20V to 
80V (DC) 

- 
W: 44cm 
D: 88cm  
H: 21cm 

80kg – 92kg Hydrogen 

Idatech 
Electragen 

System  

3kW or 5kW 
(scalable up to 

15kW) 

24V or 48V 
 (adjustable to 

26V or 52V 

From -40C to 
50C 

W: 60cm 
D: 100cm  
H: 130cm 

226kg Hydrogen 

• Backup time depends on number of hydrogen bottles utilised and on bottle capacity. 12 hydrogen bottles     
  of 50 litres each could provide up to ~100 hours of backup time at low power outputs ( ~ 1kW).  Battery-based UPS can     
  provide ~10 hours of backup time. 
 

• Fuel cell systems are provided with all the necessary equipment for hydrogen fuelling, DC/AC inverters and current    
  regulators. 
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Models currently available by UPS Systems®: 

 Supplier Model Installation  
Rated 
Power 

Voltage Weight Dimensions Noise Fuel 
Expected 

system cost* 

UPS 
Systems 

T-1000 outdoor 
From 0 

to 
1.2kW 

24V or 48V 
(DC) 

212kg 
W: 109 cm 
D: 89cm  
H: 193cm 

53 db at 1 
meter of 
distance 

Industrial grade 
hydrogen 
(99.95%) 

£21,685 

T-2000 
2kW 

outdoor 
From 0 
to 2kW  

24V or 48V 
(DC) 

252kg 
W: 127 cm 
D: 89cm  
H: 183cm 

47 db at 
1.5 

meters of 
distance 

Industrial grade 
hydrogen 
(99.95%) 

£27,539 

T-2000 
4kW 

outdoor 
From 0 
to 4kW  

24V or 48V 
(DC) 

452kg 
W: 136 cm 
D: 104cm  
H: 183cm 

47 db at 
1.5 

meters of 
distance 

Industrial grade 
hydrogen 
(99.95%) 

£49,549 

T-2000 
6kW 

outdoor 
From 0 
to 6kW  

24V or 48V 
(DC) 

582kg 
W: 136 cm 
D: 104cm  
H: 243cm 

<65 db at 
1 meter of 
distance 

Industrial grade 
hydrogen 
(99.95%) 

£70,611 

T-2000 
8kW 

outdoor 
From 0 
to 8kW  

24V or 48V 
(DC) 

904kg 

Two units of  
 

W: 136 cm 
D: 104cm  
H: 182.9cm 

<65 db at 
1 meter of 
distance 

Industrial grade 
hydrogen 
(99.95%) 

£99,059 

T-2000 
12kW 

outdoor 
From 0 

to 
12kW  

24V or 48V 
(DC) 

1164kg 

Two units of  
 

W: 136 cm 
D: 104cm  
H: 234cm 

<65 db at 
1 meter of 
distance 

Industrial grade 
hydrogen 
(99.95%) 

£141,222 

* Costs without DC/AC inverters and current  regulators.  
   Costs comprise integral 48kWh hydrogen storage cabinet.  
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Conclusions: Portable power and UPS 

Heathrow currently has a small number of battery-powered UPS systems in operation.  These systems are typically <5 
kW. 

 

Fuel cells offer operational advantages in this application, for example higher energy density, which provides longer 
operating hours. 

 

Due to these genuine operational benefits and the relative price insensitivity of the UPS market, many fuel cell 
manufacturers are targetting UPS as an early market for their products.  As a result, there is a wide-range of fuel cell 
UPS systems available, in rack-mounted and stand-alone configurations. 

 

A small number of manufacturers have also developed packaged fuel cell gensets, for portable applications such as 
mobile lighting rigs, construction tools etc.  There are a number of applications for these products at Heathrow, which 
are currently served by inefficient diesel gensets (mainly hired). 

 

Fuel cells offer advantages, such as lower noise and less pollutants, but capital costs are a barrier in these applications.  
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Fuel cell application Pros Cons 

Mobile GPUs • Reduced air quality and noise impacts 
compared to incumbent 

• Potential to operate fuel cell GPUs 
beyond 10.30pm 

• Limited demand for GPUs due to 
widespread availability of fixed ground 
power 

• GPUs are largely owned by airlines 
rather than BAA 

• High cost of electricity compared to 
diesel gensets, unless a low cost H2 
supply can be secured. 

• Bespoke OEM technical solution 
required 

AGL back-up power 
supply 

• Reduced air quality and noise impacts. 
• Potential for DC supply could increase 

efficiency of operation of LED lamps. 

• AGL back-up generators run fairly 
infrequently – not likely to be a major 
contributor to airport air quality 
impact. 

• High cost of electricity compared to 
diesel gensets, unless a low cost H2 
supply is secured. 

• Requirement for substantial H2 supply 
would increase plant footprint 
compared to diesel gensets. 

Summary of potential applications 
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Fuel cell application Pros Cons 

Peak-shaving / grid 
support 

• Beneficial only if cost of electricity is 
below Heathrow’s peak price – 
currently £200/MWh. 

• On-site power generation insulates 
against future electricity price 
increases. 

• Better efficiency of generation than 
grid supplies. 

• Fuel cell generators are high capital 
cost  

• To achieve cost of electricity target 
requires low cost H2 supply. 

Gas-fired CHP and 
trigeneration 

• Range of potential opportunities 
within the building stock and renewal 
plans. 

• Potential for significant CO2 saving 
compared to incumbent systems. 

• Availability of suitable fuel cell systems 
in the UK is currently quite limited. 

• Economics are poor compared to 
incumbents and also compared to 
efficient gas engine alternatives. 

Biogas fuelled CHP • Very significant CO2 reduction could be 
delivered. 

• CO2 saving is relatively cost-effective to 
BAA due to incentive regime. 

• On-site anaerobic digestion could 
provide a cost-effective waste 
treatment option. 

• Potential for H2 production from 
biogas supply (DFC-H2 system). 

• Development of an on-site biogas 
facility is a complex infrastructure 
project – large investment cost and 
additional technology risk. 

• Limited availability of suitable fuel cell 
systems. 

• Substantial space requirements of 
biogas facility. 

• Gas engine CHP fuelled with biogas is 
eligible for the same incentives, so will 
still outperform fuel cells economically. 

Summary of potential applications 
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Fuel cell application Pros Cons 

Portable generators • Reduced noise and less pollutants 
than incumbent diesel gensets. 

• Operating period between recharge 
advantages over battery alternatives. 

• Low fuel cell power requirements 
leads to lower capital cost project 
opportunities and simple H2 supply 
arrangements.  

 

• High capital costs compared to 
incumbents. 

• BAA tend to lease rather than own 
gensets for these applications. 

Uninterruptible Power 
Supplies 

• Fuel cell UPS offer several operational 
benefits over battery-powered 
systems, including longer operating 
time, hot-swap capability, reliability. 

• UPS tends to be a less capital cost 
sensitive application. 

• Large number of fuel cell UPS options 
available. 

• H2 supply logistics are straightforward. 

• Requirement for UPS around 
Heathrow is fairly limited. 

• Project has limited impact on air 
quality or noise reduction goals. 

Summary of potential applications 
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General conclusions of the study 
 
This study has been performed in parallel with a complementary assessment of the opportunities for hydrogen and 
fuel cells in vehicle applications at Heathrow Airport.  
 
While a clear conclusion of this study is that installation of stationary fuel cells is not economically viable at current 
technology costs and performance, the vehicle study has identified applications for which a genuine business case is 
likely to exist in the near term.  
 
On this basis, it is recommended that BAA concentrates near term effort at Heathrow on development of vehicle 
related projects, as set out in the complementary study.  Success of the vehicle projects will result in development 
of a hydrogen supply to Heathrow and falling hydrogen supply costs as demand grows.  This in turn will benefit 
potential future engagement with stationary and portable hydrogen fuel cells. 
 
BAA should continue to monitor developments of stationary and portable technologies, particularly as they 
progress down their cost curves.  Engagement with these technologies should be re-evaluated as cost targets are 
met. 
 
 
 

Conclusions 


