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1 Introduction

Much of the current focus of a possible shift todgak, as an energy carrier is on its applications in the
automotive sector. However,ldan also be used for direct heating and for pgweduction, in which
sector its extremely low levels of pollutant emiss could allow greater proximity of power plant to
end user, making it suitable for distributed getiera Fuel cells, although generating power through
electrochemical rather than combustive processagrtheless generate heat, making combined heat
and power applications a possibility. Since hydrogan be produced from multiple sources including
carbon-sequestered fossil fuels, renewable endigyass, or nuclear power, it has the potential to
offer not only decarbonisation but also diversifica of fuel supply. Such a scenario may appear
increasingly desirable if natural gas supplies bezmore scarce, insecure and expensive.

However, a scenario involving the widespread uskydfogen, for power or CHP provision, involves
the same uncertainties as those raised by hydrogesport scenarios; principally, the large strradtu
investments required to transport and store hydrogad the large amounts of energy required to
produce it in the first place.

Recent research suggests that the widespread usgdadgen fuel cells for stationary power faces
significant obstacles, greater than those facedutgmotive applications. For stationary application
the efficiency losses of the various energy tramsétions necessitated by a hydrogen chain are
particularly challenging, in view of the fact thtae initial primary fuel is often itself just as lvsuited

for stationary heat or power production as hydrogemeport by Eoin Lees Energy, E4 Tech and
Element Energy (E4 Teddt al, 2004) concludes that ‘generation of electrifitym hydrogen leads to
thermodynamic losses which are avoided if the prjngmergy source is used directly for electricity
production’, and that it is therefore ‘unlikely thaydrogen fuel will provide competitive CO2
reductions’ in most stationary power applicatiori$awever, it is believed that hydrogen fuel cells
could have certain ‘niche’ applications, and thaelfcells operating on low cost and more freely
available feedstocks such as natural gas and biogdd also have an important role. Additionally, i
has been suggested that fuel cells could be seifabldistributed generation and combined heat and
power applications, where their overall efficiensyurther improved by capture and use of wasté. hea

In this report the various types of fuel cell, dhdir potential to provide stationary power, arseased.
First, the current state of the technology is ctimresed, with attention given to the different
performance characteristics and costs of the variuel cell types. Then the potential market
opportunities for fuel cells providing stationargvger are considered.

Hydrogen can also be used as a fuel in gas turlkanesinternal combustion engines. This also
produces no Cg@at the point of use, although small quantitiesitfogen oxides are usually emitted.
However, compared to the significantly superioctleal efficiency of fuel cells, it is unlikely #i the
use of hydrogen in ICEs will offer energetic or @nmmental advantages. Hence, only fuel cells are
considered here.



2 Hydrogen Fuel Cells: Technological Characterisation

As electrochemical devices, fuel cells are inhdyentore electrically efficient than combustion
technologies. They are also particularly flexibledugse they are modular and could potentially be
assembled economically in units of varying sizésom a few watts to at least 10MW. Fuel cells can
therefore cover virtually any size of end use regmient, from small appliances to individual homes,
large office buildings and on to industrial faédg and merchant power.

2.1 Fuel Cell Technologies

A brief summary of various fuel cell technologiegjiven in Table 1. Different technologies areedlit
to different applications. Low temperature fudisesquire external reformers if not operatingpume
hydrogen; higher temperature fuel cells can refreh internally. A fuel cell system also comprises
fuel cell stack, balance of plant (BOP) and a poseggrditioner to convert DC to AC.

The desired lifetime (40 000 hours or more comp#&wnesl 000) makes stationary fuel cells much more
expensive than automotive equivalents. However rifleaxation of other demands (cold start
properties, response to dynamic load changes, bhgai temperature, size and weight) opens up more
technologies, especially solid oxide fuel cells F&8) and molten carbonate fuel cells (MCFCs)
(Erdmann 2003).

PAFC MCFC SOFC PEMFC AFC
Phospheric acid fueMolten carbonate Solid oxide fuel cellProton exchange Alkaline fuel cell
cell fuel cell membrane fuel cell
or SPFCSolid
polymer fuel cell
ELECTROLYTE Phosphoric Acid Molten CarbonateCeramic Polymer Potassium hydroxide
Salt
OPERATING 200°C 650°C 600 — 1000°C 40 - 80°C 626 2C
TEMPERATURE
FUELS Hydrogen (H) H,/CO/ Reformate HICO,/CH, H, Reformate HReformate
Reformate Reformate
REFORMING External External/Internal External/lmtat  External External
OXIDANT O,/Air CO,/O,/Air O,/Air O,/Air O,/Air
POISONS CO,NECL, S ClLp, S S CO,NH;, CL,, S C
ELECTRICAL 40-50% 50-60% 45-55% 40-50% 60%
EFFICIENCY
(% HHV)
COMMERCIAL Most mature, offereOffered Expected Entering stationary Only specialty
STATUS commercially commercially in ~ commercially in  market 1-5kW, alsoapplications
between 40-200kW250kW and MW  stationary market. available in 75- (spacecratft,
classes Demonstrated in  250kW range submarines etc)
200kw range.

Table 1: Summary of fuel cell technologies. From (&G Technical Services 2004; Hallidayet al 2005).

Various types of fuel cells are commercially avaiga or in development, and can be broadly
categorised as high temperature or low temperdiuek cells. Fuel cells with a lower operating
temperature are often more susceptible to contartsnaithin the gas, and as such are designed to run
on pure H This would either be provided by a hydrogen transion infrastructure, or by onsite
reforming of hydrocarbons such as natural gas. Eedl types such as direct methanol, molten
carbonate and solid oxide fuel cells, becauseaif tiigh temperature of operation, are less sugiept



to contaminants, and are able to reform fuel irgyn making them suitable for direct use of
hydrocarbons.

2.1.1 Low temperature fuel cells

Phosphoric acid fuel cells (PAFCs) are the mostuneatuel cell technology, but with least room for
further improvement or cost reduction. They werginally singled out for development due to low
their low-temperature operation and tolerance forneed hydrocarbon fuels, and found early niche
markets in uninterruptible power supplies (UPS)TQUinstalled around two hundred 200kw PAFC
fuel cells, however they have recently stopped rauturing them in favour of proton exchange
membrane fuel cells (PEMFCs) which have better motspfor cost reductions. Current costs are
reported between US$3000-$4000/kW. To compete @igkel, UPS systems need to cost $1000/kW
(Halliday etal, 2005) or less (Strachan, 2004).

Alkaline fuel cells (AFCs) require oxygen, rathban air as the oxidant, as the cell degrades when
operated in the presence of £@s such, they are likely only to fill small nichend therefore not
benefit from the large scale investment and dep@ynio reduce costs and benefit from technical
development. Such niches may include the use enegtive systems for storage of electricity, mvg.
stand-alone power systems, where oxygen can beipeddstored and used in parallel with hydrogen.
However, costs would have to reduce substantiallgrder to compete with other electricity storage
options, many of which have significantly supenound-trip efficiencies.

Proton exchange membrane fuel cells (PEMFCs) giver@er of magnitude higher power density than
any other type, except advanced aerospace AFCsseGoently they are the main candidate for
automotive applications, and their developmenteisidp driven by the transport sector. This may result
in more extensive technical development and caiiatons than might otherwise occur and as such,
PEM is also likely to be the long-term choice fowmeo generation from sources of purg H

PEM fuel cells run on Hand air, operating at a temperature of approxiip&@ °C, allowing a short
start-up time, which is useful for vehicles. Thisvloperating temperature puts some restrictionhen
applicability of PEM fuel cells for CHP, althougheth have a high electrical efficiency, and are
capable of adjusting to variable power demanddyaacteristic which could also be useful for load
following in small scale domestic applications.

PEM fuel cells are sensitive to contamination of Hyestream with carbon monoxide (CO), which
permanently damages the membrane and leads ts aflperformance. It is therefore imperative that
supplies of H for these fuel cells are pure. This will be theec&s H, produced for the automotive
sector, as these will also use PEMs, and also foprbiduced via electrolysis, e.g. in a stand-alone
power system based on renewable electricity (H-S/AP84a).

2.1.2 High temperature fuel cells

Molten Carbonate Fuel Cells (MCFCs) were originalgveloped for use directly with coal (which
now looks unlikely) although they can be operatedatly on natural gas, syngas (CO and H2) and
other light hydrocarbon fuels. The focus of MCFC @lepment has been stationary and marine
applications, where the relatively large size areight of MCFC and slow start-up time are not an
issue (EG&G Technical Services 2004). Their highperature operation eliminates the need for
noble metal catalysts, but the extremely corrosieetrolyte requires the use of expensive steels.



Solid oxide fuel cells (SOFCs) use a ceramic selittrolyte, which reduces corrosion and liquid
management problems. They must operate at high tatpes (600-1000° C) to achieve conductivity,
which also allows internal reforming of a variety fuels, but places stringent (and generally
expensive) requirements on their materials. Ispueised, the exhaust gas of an SOFC can fire a gas
turbine. According to Siemens, who have demoretrat20 and 300kW plants, this combined
approach should achieve electrical efficiencieS%%6 at capacities of 250 kW, around 60% at 1 MW,
and 70-80% efficiency above that (Siemens, 2006thA other end of the scale, recent advances in
planar SOFCs allow lower temperatures (~700° C @=osed to 1000° C previously) which may
reduce costs and make SOFCs scalable down to a¢fizese or two kW (EG&G Technical Services
2004). SOFCs are less developed than PAFCs, bgesrerally thought to have good market potential
(Halliday et al 2005). Their ability to process a range of fuelsamsidered a key advantage, and
experiments have shown SOFCs maintaining goodiefiites while processing biogases such as
landfill and sewage gas, despite their variablerbgarbon content (Staniforth and Ormerod, 2001).
This potential to recycle freely available, but athise waste gases, could be attractive both from an
environmental and an economic standpoint.

2.2 Costs of Fuel Cells

2.2.1 Capital costs
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Figure 5: Capital cost ranges of DG technologies {@&chan, 2004).
System Equipment Total Electrical Total CHP
Fuel cell size Internal cost (2003 installed O&M costs efficiency efficiency C0O2
type (KW.) reforming $/KW.) cost (2003 (cents/kWh) (%), HHV (%), HHV (g/kWh)
$/kWe)
PAFC 200 No 4600 5200 0.97 36 72 515
PEMFC 10 No 4950 5500 1.42 30 69 617
PEMFC 200 No 3220 3800 0.98 35 72 531
MCFC 250 Yes 4450 5000 0.80 43 65 431
MCFC 2000 Yes 2850 3250 0.55 46 70 404




SOFC 100 Yes 2970 3620 1.15 45 70 413
Table 2: Prices and efficiencies for commercial onear-commercial fuel cell CHP systems. From (NREL
2003). ‘Total installed cost’ include labour (~6% 6total), project construction and management,
engineering fees, and contingency (~6% together).

Figure 5 shows a summary of typical capital costsfdiel cells, compared to other DG technologies,
based on a review of current literature (StracR804). Table 2 shows another set of estimatesedf fu
cell CHP costs and performance, based on manuéatstuargets for market entry systems (NREL,
2003).

The costs in Table 2 are generally around $1000/kiyker than Figure 5. However, cost per kW
comparisons should be made with caution since tlegend on a number of factors, including the
overall size (large installations tend to benafini economies of scale) the application (e.g. hatk-
electricity vs continuous stationary power) and #uxiliary equipment included (Table 2 includes
power conditioning equipment and isolation breakeiitable to allow grid interconnection).

Also, as fuel cell production is not fully commexiised there is significant uncertainty as to marke
entry costs. Commercially available 5kW PEMFCs friBlag Power, aimed at extended back-up for
telecommunications, cost $15 000 ($3 000/kW) (Ceomp al, 2003), but it is not known what their
lifetime would be in continuous operation. Geiged Cropper (2003) report Japanese manufacturers
aiming to market small PEMFCs for stationary power$4200/kWe by 2005, with other Japanese
manufacturers having public targets of $1 650/k\W\26%0.

PureCell 200 is a 200kW PAFC unit built by UTC Pow@urrent costs are approximately $4,000/kW,
and total installed costs approach $1.1million 5/580/kW. UTC did focus briefly on PEM due to
expected cost reductions, but found durability@bfam.

Lokurlu (2003) reports current costs of PEMFCs 42 $00/kWe; Erdmann (2003) reports $12 000 -
$24 000 /kWe, and the DTI quotes a current prictuef cell CHP as $12 500 - $62 300 /kWe (DTI
2002). Jamest al (1999) projected future manufacturing costs ofimtatry PEM stacks as being
$433-$156 /kWe at an annual production level of,1@@pping to $165 - $82 /kW at an annual
production level of 10 000.

For SOFCs, Hawkes & Leach (2005) note that althditgtature on the costs range from $300/kWe to
$20 000/kWe, most estimates are in the range $3@1t300 /kWe. Colson-Inam (2004) write that
tubular SOFC stacks presently cost about $1000/kB00and planar designs about $600-800/kW.
For large SOFC-turbine hybrids, Rolls Royce clammhiave achieved $300/kW (Fuel Cell Today
2001).

Most of the costs reported have been for fuel gelisrming natural gas. For such systems, about 25-
40% is for the stack subsystem, 25-30% for the fuetessing subsystem, 10-20% for the power and
electronics subsystem, and 10-20% for the thernsmagement subsystem and 5-15% for ancillary
systems (DTl 2002; NREL 2003). Therefore, hydrogen-ayistems could see a reduction in capital

costs, since less catalyst would be needed, aoll degradation would not be as great. In partigular

low temperature fuel cells would not require a @Brming system attached to the stack. However, a
fuel cell operating on pure hydrogen could potdigtitace far higher fuel costs than one running on

hydrocarbon fuels. The question of which cost doteimawill be key, and the direction of



technological development of stationary fuel caiesy therefore be strongly affected by any significa
cost reductions in hydrogen production methods.

2.2.2 O&M costs

Table 2 estimates O&M costs for fuel cell technadsgiincluding maintenance labour, an annual fuel
pump overhaul, condenser cleaning, and air andr\iftex replacement. According to the compilers
of the table, “details of maintenance contracts raot generally available, but appear to be priced
between 0.7 to 2 c/kWh” (NREL 2003). Similarly th&132002) report a target range of 1-2¢c kWh,
but add that “O&M costs will only emerge over tim&hey also agree that an annual maintenance
visit will probably be needed, with a major overhiagluding stack replacement every fifth year.

Some estimates include a stack-replacement fuiath &&M cost, since current stacks typically suffer
an average 10% reduction in performance (cell geltpower and efficiency) over 5 years (NREL
2003). This is not included in Table 2.

In the longer term, a reduction in O&M costs itlik as technologies mature and developments are
made to improve membrane durability.

2.2.3 Future and target costs

Table 3 gives NREL'’s projected costs and performaraes 2020. O&M costs are significantly
higher than those given in Table 2, since the stapkacement fund could not be dissagregated. This
fund recovers 50-80% of the stack value over 4-&yeand represents about 70% of the total O&M
cost.

Fuel cell System Internal Total Operating and Electrical Total CHP Co,
type size (kw) reforming installed maintenance efficiency efficiency emissions
cost costs (%) (%) (g/kWh)
($/kW)  (cents/kWh)

PEMFC 10 No 2,200 1.9 35 72 531
PEMFC 200 No 1,700 1.2 38 75 517
MCFC 250 Yes 1,650 2.0 49 75 378
MCFC 2,000 Yes 1,400 1.4 50 72 372
SOFC 100 Yes 1,800 1.5 51 72 363

Table 3: Projected costs and performance for fueladl CHP circa 2020. Data (NREL 2003), O&M
includes a stack replacement fund which could notédissagregated, but contributes around 70% of the
O&M costs (NREL 2003)

The numbers in Table 3 are somewhat higher thangpieational targets both within the US and the
UK. The US DoE has targets to develop a distributeecation PEM fuel cell system operating on
natural gas or LPG that achieves 40% electricakieficy and 40,000 hours durability at $400-
$750/kW by 2010. The UK DTI mentions a target raofe900-$1,200 /kWe (DTl 2002), and a
recent UK Fuel Cells Roadmap recommends targe$® ¢00 /kW for commercialization of stationary
systems by 2008, and $400/kW for SOFC by 2010 (Eedis UK 2005 Figure 5.8).

Halliday et al (2005) quote Johnson Matthey, as forecasting dak$ to be economically viable at a
cost of US $4,000 for niche, stand-by and back-onygs applications, $1,000 to $2,000/kWe for off-
grid locations and with a target of $400 - $1,000é&for widespread applications. Hawkes & Leach



(2005) estimate domestic SOFC cell stacks beingauoaal at costs below $450/kWe (plus a basic
fixed cost of $600 per stack).



3 Market opportunities

The market for Has an energy vector is presently very small, aljhoexpected to become significant
in the period to 2030. Substantial quantities axdpced and used in industry, most commonly in
refineries for the production of low-sulphur fueBy far the most common technology for, H
production within industry is reforming of natuigds, with a market share of around 95% (US DOE,
2005), although electrolysis is sometimes used avmatural gas is unavailable or there is surplus
electricity availablé

The use of Hfor power generation is not likely to be a majption for the short to medium-term, for
reasons both of costs and the overall efficiencprohary energy resource use. Like electricity,i$

an energy carrier that is clean at the point of lmsethat must be generated from primary energy
resources. Due to the capital costs and energedasssociated with the conversion, both electricity
and H are inherently more expensive (per kWh) than trigry resource from which they were
produced.

However, there are a number of specific situationg/hich H, might be a viable option for power
generation; these are described in the followirgi@es. Additionally, fuel cells may also find viab
applications in the absence of a fully developedrbgen infrastructure, through onsite or internal
reforming of hydrocarbons.

3.1 Combined Heat and Power (CHP)

The principle of combined heat and power is thathbat generated in power production, instead of
being treated as a waste product, should be captame used directly, greatly improving the overall
efficiency of the unit. The system obviously depeadsa potential end user with a need for heat being
situated relatively nearby. In residential areagyiowth has been limited by two factors: econorofes
scale in combustion power plants making small seglglications unviable; potential for increased
localised pollution from a closely situated powkamp being unacceptable to residents.

Fuel cells generate heat while producing power gitaele of heat dependent on the type of fuel cell.
Being inherently modular, they experience no Idssfficiency at small scales, and they have vew lo
emissions at point of use- these aspects make plogentially very suitable for small scale residehti
CHP applications.

Solid oxide and molten carbonate fuel cells prodpmecess heat of 260-370° C, suitable for most
thermal uses, including industrial applicationswieo temperature cells, such as PEMFCs, produce less
high grade heat which limits their application tmgeneration, however it is claimed that they can b
used to provide water and space heating in domsgdiations (WADE, 2003).

In planning CHP applications, it is important tonswer how the heat to power ratio (HPR) of the
device fits the heat and power demand of the u§#® can follow a heat-lead or an electricity-lead
strategy, according to the HPR profile of the agailon.

! An example of surplus electricity being availatsehydro generation in Canada, which has
large amounts of rainfall at certain times of yaad can therefore produce more electricity
than required to meet demand.
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In general in climates like the UK, domestic builgs have a higher demand for heat than electrical
power. Also, thermal demand varies less rapidinthlectrical demand, heat is much easier to store,
and therefore thermal demand is more easily moellllaiThese factors favour a heat-lead strategy at
the domestic scale. In this strategy CHP is desigo match part, or all, of the thermal load, with
extra electrical demand met by the grid. Excesstetity could potentially be exported to the grid
although there are currently technical barrierscémnecting a low-voltage variable supply to the
distribution grid, and little economic incentives axcess power is of low (or zero) value to utility
companies since it is likely to be off-peak andafaie.

The prevailing electricity infrastructure and instibnal arrangements favour larger, more centralise
power generators, meaning electricity-lead strategénd to be more applicable at larger scales, for
example a commercial power generator using wastetbesupply a district heating scheme. However,
this general separation of strategies is not setdane and the best strategy depends on the specifi
situation including the technology being deploy#tg relative electricity and fuel costs, and the
institutional arrangements.

The use of absorption cooling — using heat to pmwdoling capacity, can increase the viability of
CHP schemes, especially in buildings with largeliogodemand e.g. air-conditioned offices.

The average HPR for a UK dwelling is estimated by 4he DTI (DTI, 2004), and by Hallidast al at
around 3 (Halidat al, 2005). This suggests that even for domestic agijics, high temperature fuel
cells may provide a better heat and power matctveker, PEM fuel cells would be better suited to
cope with the variability inherent in both diurnahd annual heat and power demand. Industrial
applications could make use of the very high gadeess heat of SOFCs.

It appears that in the main, the most likely caatiid for CHP are the high temperature fuel calishs
as SOFCs and DMFCs. These are capable of runniagtigion hydrocarbons; therefore while there is
some potential for fuel cells to feature in scewmfior distributed generation and cogeneratiois it
unlikely that pure hydrogen will be the fuel of ite

3.2 Niche applications

As H, is, in general, more expensive than primary eneegpurces, there are few situations in which
its use for stationary power generafiomould be economic in comparison to direct genenatf
electricity from the primary resource.

Some situations have been identified in whichrhight potentially be used for power generation,
described below.

3.2.1 Primary resource is remotely located

In a situation in which the primary energy resouicdocated where there is no existing electricity
transmission infrastructure (or insufficient tramssion capacity) or where there are surplus renkwvab
energy resources, the resource could be used dogeds rather than electricity. The Hould then be
transported to a population centre and used edikea transportation fuel or for stationary power
generation, ideally in a Combined Heat and PowdfRYL system, thereby maximising energy
utilisation.

2 The use of hydrogen use in fuel cells for vehiatepplsion produces electricity to drive the
electric power train, but that is outside the scopihis report.
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One example of such a situation could be offshoired wesources, such as those off the coast of
Scotland. Areas where the wind resource is largd te be sparsely populated, precisely because of
the local climate. On the island of Unst, in theetdnd Islands off the coast of mainland Scotland,
pilot wind-H, scheme was established (described in (Baker art@érCa005)), which could be scaled
up to serve all of the inhabitants’ energy needswvali as potentially exporting Hto mainland
Scotland.

Iceland is keen to develop & Hconomy, due to its large renewable energy resolgeothermal and
hydro) and the expense of importing oil to its réenlmcation. Iceland meets 100% of its electricity
demand from renewable resources, at only 2 cekifgh' (Solomon and Banerjee, 2006). It therefore
has strong potential to produce low cost hydrogenthe country’s most significant oil consumer, the
transport sector remains the primary target forrbgdn conversion, nevertheless stationary power
applications would also have the potential to dgweh such an environment. The Euro-Hyport study
is investigating the feasibility for the exporttaf from Iceland to the European continent.

Similarly, one possible source of large-scale pfoduction is from solar energy in deserts. For
example, the Sahara desert could potentially peovidge quantities of renewable, Hhipped to
Europe in liquid form at a cost of US$7-9/GJ (Ogded Nitsch, 1995).

In such scenarios, the cost of hydrogen fuel besaoepetitive when the primary energy is in excess
of local demands, and is therefore not at a premmynen hydrogen fuel becomes more affordable,
fuel cells naturally become more attractive as st efficient technology for converting the fuel.
This is particularly the case if the availability pfimary energy does not coincide with demand (see
section 3.2.3).

3.2.2 Carbon capture and storage

In order to capture and store £@ost cheaply, this should be done on as largale ss practicable,
using technologies that allow a large proportiorthef CQ to be captured and transporting the,G®
short a distance as possible (IEA, 2002). In practihis may mean a few large plants that produce
energy from fossil fuels or biomass, located neaites for CQ@storage.

However, such a large-scale approach may conflitt ather aims of energy policy that encourage
smaller-scale power generation near to the poirtooSumption to minimise transmission losses and
utilise the heat in a CHP system. One way to me#t bbjectives might be to produce, lér synga$

on a large scale near to sequestration sites amdtthnsport this via pipeline to areas of heat and
power demand for use in CHP on a smaller scale.

As part of the UK’s Carbon Abatement Strategy (UKIL2005), £25m (€35m) was allocated in June
2005 for fossil technologies associated with carlbapture and storage. This may involve a coal
gasification project with sequestration of the &@d production of Hwhich would be used for power
generation of up to 800 MW (BBC News, 2005).

% Synthesis gas, known as syngas, is the produgrafesses such as gasification and is
generally a mixture of j CO,, carbon monoxide (CO), water and sometimes methane
Depending on the proportions of lAnd CO, syngas can be quite energy-dense. If seges
the CO can be converted tg ting the water gas shift process, which requiresaddition of
water vapour: CO + 0 => CQ, + H,

12



3.2.3 Auvailability and demand for energy resources do notoincide

While conventional thermal power generation is scifeble to coincide with demand for electricity,
many sources of energy cannot be scheduled to peodnergy only when required. These energy
sources are generally renewable and fall into tategories: predictable sources, such as tidal and —
some climates — solar, and unpredictable souraeh, s wind and wave.

This situation offers an opportunity for the use Hf for electricity storage. While with current
technology conversion to.Hand back to electricity does not provide a paldidy good round-trip
efficiency* compared to some other electricity storage optiblasioes provide greater flexibility as it
can be used for transport or in a CHP system. Resezforts also proceed to increase conversion
efficiency.

Using H in this way may particularly apply to island systethat are predominantly reliant on
intermittent renewable resources. The Hydrogendsédane Power Systems (H-SAB®roject under
the EU Altener program examined many of the issoestdich systems. The recommendations of this
study (H-SAPS, 2004b) included:

» undertaking targeted analysis of potential marké&isusing on portable applications, H-
SAPS, grid islanding, large windjtldystems and residential units;

» setting cost targets for each component of thedstdone system;

* review existing regulations that discourage ‘iskniithin a grid system; and

» focused research on areas where there are chtcaérs.

The study identified a number of critical barrigregsented in prioritised order:

e High costs of both electrolyser and fuel cell siolus

* Low energy efficiency of the hydrogen energy systexspecially critical for small systems

» Development of easy-to-use and energy efficientagalselectricity control systems

e Short lifetime warranties and little lifetime exparce for PEM electrolysers and PEM fuel
cells.

3.2.4 Back-up / off-grid power

Essentially replacing diesel generators, this appiia would see Hused as back-up for essential
services, e.g. in hospitals, and also for off-gyighlications. In addition to the potential to décaise
such forms of power generation, there may be dthportant benefits, such as the reduction in local
pollution and noise.

While H, fuel cells could be used for portable applicatisnsh as consumer electronics, the focus in
this area is currently on the development of direethanol fuel cells (DMFCs).

* Round-trip efficiency is defined as the proportirthe electricity supply entering the storageteys
that is available upon exit. In the case gfad an electricity store, the round-trip efficieweguld be in
the region of 40-50%, only around half that frora thost efficient technologies.

® http://www.hsaps.ife.no
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3.2.5 Auvailability of surplus energy

H, is currently produced as a by-product in a nundfendustrial processes, mainly the production of
ethylene, chlorine and acetylene via electrolyaispresent, this is generally mixed with naturak ga
and used for thermal processes

In future, where Hlis being produced for the transport sector inaafplvith a large capacity, it is likely
that there will initially be insufficient demandofin transport to fully utilise the plant’s productio
capacity. In some situations, such as wheresteing produced from waste, there is good reasmal
likely fiscal incentive - to operate the plant atl fcapacity, which may lead to surplus Heing
available for power generation, until displacedttansport demand. This linkage between stationary
and transport sectors could help break the typicablem of low initial demand threatening the
viability of production and infrastructure investnig, accelerating the move to i both sectors.

3.3 Future developments

The development of other fuel cell technologies,drample in the transport sector, could influence
how quickly stationary power reaches the markeerétis some potential for PEM fuel cells to be used
for stationary as well as automotive power- morepovdevelopments in hydrogen production
technology and infrastructure would benefit botbtaes.

Geiger & Cropper (2003) note that manufacturersnaoging away from domestic market as current
costs are too high and stack lifetimes too shad.result, an early focus for manufacturers has loee
uninterruptible power supplies (UPS), which requsfeorter lifetimes and can demand a price
premium. Here fuel cells are already thought tocbst competitive with incumbent technology
(Adamson and Jollie, 2004) and commercial versamasavailable. However, interest in the domestic
market might be again picking up (Adamson and&olD04).

Some of the strongest drivers for stationary fuedll gower development may come from applications
which do not require pure hydrogen. High tempemfuel cells, in particular SOFCs are capable of
internal reforming of syngas enabling them to geteepower directly from natural gas, and even
biogas such as that emitted from sewage farmsantfills. The generation of energy from fuel which
is ‘freely available’ may lead to a more econonlicahd energetically efficient process. It is pbtesi
therefore, that some fuel cells may find marketiiapfions before pure hydrogen is available to powe
them.
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4 Conclusion

The market prospects for hydrogen fuel cells inritisted CHP applications are currently limited by
the high capital costs of the units. This is evigehim part by the fact that manufacturers are atigre
concentrating their efforts on niche applicationgls as uninterruptible power supplies, where a
premium can be demanded. The quick start up capyabfliPEM fuel cells would be useful for load
following in small scale domestic applications, ahi$ technology looks likely to benefit from fueur
cost reductions as a result of the research bedagtdd to it for automotive applications. Howewbg
requirement of PEM cells for pure hydrogen means tlmanestic applications would be heavily
dependent on a hydrogen infrastructure, which atlgréooks some way off.

The higher operating temperatures of solid oxide dirett methanol fuel cells allow greater potential
for CHP applications, in industrial as well as derakcale applications. They can also be used in
combined cycle gas turbine applications: SiemenstiWghouse have demonstrated that the exhaust
gas of an SOFC can be used to improve the eldcefiaiency of the stack to up to 80% at large
scales.

Where high temperature fuel cells are appropriagfuel of choice is likely to be a hydrocarboiwtsu
as natural gas or biogas, for reasons both of enmnand energetic efficiency. Although fuel cells
operating on hydrocarbons emit carbon dioxide,ettee still environmental benefits from their use.
Fuel cells are inherently more efficient at prodgcelectrical energy, so should produce,G@vings
over conventional combustion of natural gas. Addatilly, if fuel cells can be run on biogas, they no
only save energy by recycling a waste product, disdb prevent the venting to the atmosphere of
methane (Cl), a gas whose greenhouse strength is 26 timesth@n, (Staniforth and Ormerod,
2001).

In the near term, it seems unlikely that fuel calisning on pure hydrogen will find widespread nerk
applications for stationary power production. Hoaewopportunities for hydrogen fuel cells look more
encouraging for certain niche applications, inipatar for back up or off grid power, or as an gyer
carrier for scenarios where the primary resouraensotely located, or the availability of the resmm
does not coincide with demand. Examples of wheredgeh could be used to store excess energy
include nuclear power stations during times of emand, and in locations with abundant renewable
resources.
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