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RBSTRACT

A reviry of the current commercial phosphorfc ac-

id fuel cell system technology development efforts §s
presented, - In both the electric utility and on-cite
1nte?rated anergy system applications, reducing cost
and fncreasing reliability are the techrology grivers
at Lhis time. Tha longstanding barrier to the attain-
ment of those goals, which manifests 7tself in a number
of ways, has been materials, The differences in ap-
proach amang the three major participants {United Tach-
nologies Corporation (UTC), Westinghouse Electric Cor-
Earation/Energy Research Corporation {ERC}, and Engel-
ard Industries) and their unfque technolegicat fea-
tures, including electrodes, matrices, intercetl cool-
ing, bipolar/separator plates, electroiyte manggenient
fuel jelection and system degign philosophy are dis-
tussed. .

BACKGROUND

For a number of years the Phosphoric Acid Fuel Cell
has been the leading capdidate fusl cell power plant
system for terrestrial applications, Inftially, devel-
opnent funds came primarily from electric and gas util-
Tty sources, from fuel cell manufacturers, and from the
U.S. Army. The emergence of the Natinn's energ; pro-
gram pruvided new directfon coupled with increased
government support for the development of commercial
fuel cell power plant systems. In the commercial field,
the phosphoric acid fue] c¢ell was clearly {dentified as
the near-term or first generation system aimed at both
utiiity electric generation as well as on-site fnte-
grated energy systems. Currently, three major contrac-
tors or contractor teams are active fn the terrestrial
phosphoric acid fuel cell field: United Technologies
Corporatfon (UTC), Westinghouse Electric Corporation/
Energy Research Corporation (ERC), and Engelhard Indus-
tries., This paper {s a report of the status of these
major phosphoric acld fuel cell development efforts, .
with emphasis on the differences among the contractors
and the unique technological feakures,

Similarities exist in the basic cell technology of

‘tha three major contracters in that al] three employ

carbon or carbon paper electrode structural elements,
platinum-supported-on-carhon catalyst layers and s{licen
carbide/Teflon matrices, However, beyond this, the
various technologfes become very diverse. )

t present, only UTC, the technology leader; is

' working toward comnercializing fuel cell power plants

for both electric utility and on-site, {rtegraied ener-
gy (0S/1ES) applications, The electric utility prograp
15 -in-the system-technology demonstration or operational
feasibility phase with a 4,2 MW module test schaduled

-to he conducted on the Con Ed network in mid-1880,  The

" ¥ TJfanager, Fuel CaTT Project Office

**Project Manager, Fuel Cell Project Office

"95/1£5 development effort the longest.

0S/IES program {5 in the engineering and design phase
of a prototype 40 kW system, This {s to culminate in
a prototype system vorificatfon test im mid-1980,

The 4,8 i demo test represents an sarl{er phase
of cell development than the 40 kW prototype and,
therefore, differences exfst in the basic cell config-
uratfons of the two systems, However, it {5 expected
that the general characteristics of the ¢ell and stack
technology to be developed for commercfalizatfon wild
be yery similar for both applicatiens, Both will em-
ploy similar catalyst layers, two-phase 1iquid conling
systems, fibrous chrbnn/graphite cell glements and re-
actant seal and supply oysiems. Though similar, some
optisdzation af sarigas aspects of the technplogy will
be required to addvess the differences in des{gn pawer
level and operating conditions of the two applications.
The present clectric ubility system (4.8 ng operates
at 375°F and 50 psia over o profile from 174 to full-
rated load; for the uitimate cammercial power plant,
current thinking by UTC is to wtiiize a large area
cel) operated at approximataly 400°F and wp to 120
psia, On the other hand, the 0S/1ES 1s tu be operatod
at- atmospheric pressure, 375°F, over & load profile
from ¢pen circuft to full-rated load, _

Of the competitive suppliers, ERC has been in the
in 1970, ERC
contracted with the Army to develop a methano) fueled
phosphoric acld power plant; a fully automatic 1,5 ki
denonstration unft was delivered in 1978. DOE (then
ERDA} contracted with ERC in 1977 to apply the experi-
ence gained under the Army program to the somewhat dif-
ferent requirements of GS/JES. 1In 1978, ERC teamed up
with Westinghouse, @ marriage that added system analy-
$1s, system design, and marketing capability to ERC's
efectrochemical technology/engineering background,

The Westinghouse/ERC program {s at the pofnt
where most of the enabling electrochemical component
technology has been developed. Presently, the electro-
chemical components are being optimized for cost and
1ife, basic design and development Is starting for
other power plant componeats and an inftial system de-
sign effort 1s starting. The most unfgue chiracteris-
tic of the Westinahouse/ERC power plant is the DIGAS
{pIstributed GAS} cooling concept. - In this cooling
scheme,; the air feed stredm §s split fnside the mani-
fold into a reactant stream and a cootant stream,

The two streams flow {ndependently through the fuel
cell stack and are merged in the exit manifold,

Westinghouse's approach is to develop the 0S/IES
to be able to-market not just a fuel! to electric con-
version device, but a total energy system that will
supply all the space conditioning, water heating, and
glectric power requirements for a residential or. com-
mercial application,

Engelhard contracted with DOE in 1976 to study
several fuel cell appldications and to develop fuel celi
stack technology, Thefr previous experience included
building and marketing Hp,0, fueled labaratory-size
demanstration fuel ceils, They also have an Army
funded fuel cell development contract. Presently,
Engelhard {s concentrating on stack- component develop-

- .ment and {s beginning to definé attractive applicatiory

fuel combinations in preparatfon of an 05/IES system
conceptual design effort. The compongnt development

“effort has resulted in several unique approaches to

fuel cell desfgn, One area of {mnovation 15 thelfr bi-

- ‘polar -plate, the device which separates and directs
“The flow of reactants as it provides electrical con-

ductfon between individeal cells, The conventional
bipelar piate ¢.a single plece of conductive material.
‘with rexctant flow channels either molded or machined
on either side. Engelhard's approach is to split the
bipolar plare”in,p three sections, an impervious cen-
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ter section {for reactant separatfon), with an open-
cell foam sectfon on either side {for reactant flow).
All sections are made from organic precursors that are
graphitfzed then denstfied. This process s very com-
patible with mass production and promises considerable
cost savings over one-piece, bipolar plates which must
be fndividually molded or machined. Engelhard has also
developed a low cost coolf{ng plate that can be made of
conventional materfals and fabricated using conventfon-
al furnace brazing techniques, The coolant 1s a di-
electric 1iquid. This cooler offers potential cost pe-
duction over other 1iquid and ebullient 11quid coelers.

Phospheric acid fuel ¢el) techrology and develop-
ment efforts for both the electriu utility and 0S/IES
applications are directed toward reducing cost, in-
ereasing performance, increasing 1ife, and improving
reljability. These, in turn, can be reduced simply to
cost und relfability goals. In the technology area,
the most vexing problem, the longstanding barrier to
the attainment of these goals has been materdals., In
the cell catalyst layer, the carbon support must resist
oxidative corrosion while the catalyst must resist dis-
solution and sintering at the operating temperature,
pressure, and potentfal. Both ¢ell and fuel processor
catalysts must possecs sufficient tolerance to fued
contaminates, The carbon/graphfte c¢ell and stack ma-
terfals must possess just the right combinatfon of
structural properties. The seals must seal well, be
durable, and pot contaminate. -Metal parts throughout
the systen must possess the right structural and ther.
mal properties, and also be durable, Finally, all ma-
ter{als must not he too costly and be éasy to manufac-
ture. It has been very difficult to find and to devel-
op materials that could meet,s{multanecusly,the cost
and rellability doals, The approach to sclving these
problems has invelved technology/development efforts
guided by system trade-off stiudies,

Beyond materials, a difficult problem has been the
ability to provide the cell stack with sufficient elec-
trolyte to attain a cost effective stack operation, In
what follows some of these fssues and their resolution
by each of the major contpactors will be discussed,

URETED TECHNOLOGIES CORPORATION

CELL STRUCTURE - The advanced cell structure con-
cept commonly called the "paper” pr integral ribbed
subtrate s UTC's approach to lowering cell system
cost and, simultaneously, increasing electrolyte capac-
ity, 1In part, the cost reduction 15 brought about by
the substitution of a 2-3 day process in place of the
conventional 2-week molding and curing process which
produces 2 complex bipolar/separator plate, Aside .

- from being complex, the molded processing method places

a limitation on the size of the plate that can be fab-
ricated, . Eliminating the size constraint on the cell
structure thereby provides the possibiiity to go to a -
larger and more cost effective cell. ]

The unique features of the integral. ribbed sub-
strate concept are: 1) replacing with a sfmple imper-
vious flat plate the complex hipolar/separator (which
normatly contains a ribbed reactant flow field on ef-’
ther side perpendicular to each other); 2} transferring
the function of each solid ribbed flow field onte a
ribbed poreous element which, after depositiof of cata-
1yst on one side, behaves 1ike an electrode and which
1s a1so desfgned to act as an electrolyte reservoir.

- Flgure 1 f1lustrates the differences between the moid-

ed cell and the ribbed substrate cell appreach, The
ribbed substrate 1s fabricated from a blend of carban
fibers and resin which are 1) made into a preform, 2}
graphitized, and 3) mflled flat and ribbed in a single
pass cut on a mi11ing machine. o s

Iy addition to this method of forming the ribbed
substrate, an advanced method with even lower cost

potentfel, {5 being pursued under DOE contract,('")
The key df fference {s that fnstead of forming the inf~-
tfal seructure from a blend of fibers and resin, the
process begins with 8 fabrfc-ike material. Currently,
a needled rayon precursor has been developed and suc-
cesfuily tested.

HIGHER TEMPERATURE AND PRESSURE OPERATION - Quanti-
tative data on the performance increases dug to -higher
temperature {375° to 425°F) and to highor pressure
operatfon (50 to 120 psia) have been obtained, At
1aitial time, an expression was obtained for the effact
of reactant pressure change (15 to 150 psia) upon IR-
;EEEA§?11 voltage for a cell operating at a constant

BEca1y = by 109 P]/Pz _ {4}

where P is reactant pressure and bg s the sum of the
anode Nernst {thermodynamic) effect and cathode Tafel
slopo (kinet{c) at the glven temperature,

At 120 psfa, 400°F, 375 ASF, 2" x 2" subscale

cells have achieved an fnitial performance increase of

up to 70 mY compared to older type cells operating at
50 psia, 375°F, and 300 ASF. However, as expected,
the higher temperatures and, to a lesser extent, pres-
sures also cause ap acceleratfon in the decay rates,
In the UTC power plant system, increasing pressure

"~ without increasing temperature is not possible because

of the interdependence of cell coolant and reformer
conditions, Progress has been made at reducing the
sharp cell performance decay raiz acctrring during
high temperature and pressure operation, The rate of
decay has been reduced from 60 mV per 1000 hr. to ap-
proximately 12 mY per 1000 hr., which is the 4,8 MW
decay rate at 50 psia, {See Figure 2}

From the overall power plant standpoint, the opti-
mum pressure and temperature depend not only on stack
technology and development, but also on the cost and
pirformance jmplications wpen balance of system {turbo-
compressors, heat exchangers, piping, etc.{.

INTERCELL COOLING - Two-phase water cooling is the
method used. Thin-walled, 2-pass copper tubes with
stzinless steel headers are the latest design, The
acid environment requires the copper tubes to be coatel
with a thin Teflon protective Film} however, this re-
duces heat transfer somewhat. The chief disadvantage
of these intercell coelers is their relatively high
cost, The probab{lity of cooler failure due to pene-
tration of the f{lm and subsequent corrosion of the
copper has not yet heen established. -To eliminate .
this potential failure mode and to réduce cooler cost,
a graphite cooler technology effert was undertaken,
Unfortunately, the one concept that mnt the technnloq¥
goals falled to be any cheaper than the metal cooler ()

ELECTRODES - Primary focus has been on- the cathode,

_ Stabilization of the carbon support of the Pt catalyst

via heat treatment has been one ifmportant effort. This

is especially important for the 40 kM system which ex- -

periences swings to much higher potentials. Investi-
gation indicated that above BOQ mV cathode losses ate
tributable in great measure to oxfdative corrosion of
the € suppor{ occur, Other cathode treatments by UTC
are aimed directly at the Pt catalyst to enhance ac-
tivity without sacrificing sta?i ity, Recent work fn-
dicates progress in this area.\!) Work {s being done
to develop and optimize the catalyst tayer for high
temperature and pressure operation., The support car-
bori is being stabilized to inhibit corrosion, the wet-
proofing 1s befng optimized. to minimize diffusion Jos-
ses, and techniques are being developed .to improve the
dctivity of platinum.

Hith-total Pt electrede loading reduced to approx-
imately 0.75 mg/cmé, the Pt cost has been reduced to

*Humbers in parentheses’designate References at end

of paper.
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much 1ess importance than years ago when unsupported

¢l ectrocatal ysts were used, However, the recent sharp
rise in Pt cost coupled with 2 ?0§_]ower power density
operation for the 40 kW system \*) versus the 4,8 M4
system {ncreases the importance of electrocatalyst cost
particularly far the 0S/IES system,

WESTINGHOUSE/ERC

Probably the most important {nnovation of thé ERC
technology ﬁrngram is the D1GAS (DI stributed GAS)
cooling method, which {s {1lustrated in Flgure 3, The
DIGAS method distributes process air to both the cath-
odes (via bipolar plates} and to special coolingpiates,
The tota) amount of afr, that required for resction
plus that required for cooling, is supplied to the afp
inlet manifold. The air then flows through the cell
via eithar the cathode flow {cathodic) channals of the
blpotar plate or the channels of a special cooling
plate. Al1 of the alr is collected {n a common exit
manifold and flews to an external loop where heat is
rempved, the oxygqen depleted air {s purged and fresh
afr {s added such that steady operation i mafntained,

Since the cathodic chapnels of the bipolar plates
and the cooling Flate channels are parallel paths for
afr, the flow split Is determined by the relative
tross-sectional area, hence pressure drop, of the cath-
ede and conling channels, A typfcal design s a 1011
split with three times the stoichiometrically required
amount (3 Stolch) of cathode gas going to the ¢ells and
30 stofch cathode gas going o the coeling plates.

Table I displays ERC's comparisen of DIGAS cooling
te the two other commonly accepted cooling methods,
process gas cooling ?n? 1iguid cooling, performed un-
der contract to DOE.V*/ The estimates are based on
selected configurations of the three cooling methods, .
No effort was made to optim{ze any of them; however,
all systems are reasonable and are consistent for com-
parison purposes, For any system chosen by a particu-
lar manufacturar,some optimization of the values pre-
Each of the system
feature comparisons will now be discussed.

CONSTRUCTIOH SIMPLICITY - DIGAS cogling 1s rela-
tively simple, Dapending on stack operating conditfons,
at regular intervals a cooling plate {s added to the

“stack of cells in the same manner 2s a hipolar plate

1s stacked, Mo special manifolding, connectians or
seals are required, R

Process gas cooting is the simplest of all. There
are no spectal cooling plates or stacking procedures
needed, Several times the stolchiometric reaction re-
quirement of cool air is supplied to the stack, AN
the air flows through the cathodic channels of the bi-
polar plate. Upon exfting the stack, the air can be
vented or recycled as in the DIGAS method.

Liquid cooling §5 by far the most complex and ex-
pensive, It Involves passing a 11qufd coolant through
specfal cooling plates inserted at regular intervals
in the stack. The conlant may remain in the 1{quid
phase at a1l times using anly 1ts sensible heat to cool
the stack or the ceolant may partially vaporize using
latent heat for part of the ceoling load, The coolant
must be either separately manifolded or supply 1inés
must be connected to each individual cooling plate.

. Standard heat transfer materfals such as copper or

aluminum -are corroded by phosphoric acid and must be
sheathed if they are to be used, Standard, inexpensive
fuel ¢ell materdals such as graphite or graphite/resin
composites present difficulties 1n sealing and making
cornections, Finally, the 1iquid {tself and conlant

‘1¥aes. provide a possible shorting path in the cajl .

(shunt currents which result in parasitic losses) which
must be minimized, o
-ELEGCTROLYTE LOSS - Since. the vapor pressure of
phosphoric acid (hence electrolyte 1055? {s a weak
functiop of temperature, the main censideration here is

the amount of gas flowing past the electrodas to carry

O L I e St £l 0 I LT e

.study of DIGAS cooling.

off electrolyte, In both DIGAS and 1fquid cooling
methods, & tmall excess of reactants flow past the
electrodes, while tn a process gas cooled stack al)
the cooling alr must pass the electrodes. Process gas
cooling has the highest electrolyte loss which trans-
lates to the shortest 1ife or the shortest mean time
between electrolyte replenfshment,

RELIABILITY - Far both process gas and’ DIGAS, re-
11abi1{ty 15 high since there is no special cooling
fluid and rno complex manifolding or connections., A
leak in the stack 1iquid cooling system would at 2

- minimum cause a shutdown while the leak was repaired

¢~ the defective cooling plate replaced, If an or-
ganic cooling fluid were used, a leak could conceivably
poison the cataiyst and make replacement of the entire
stack necessary. Most afr leaks could be 1gnored.

EXTERNAL HEAT EXCHANGE - Heat recovery fs by far
hest with a 1{quid or two-phase liquid cooling system,
Heat recovery §s possibla, though more difficult, with
gither of the recirculating air cooling systems.

COST COMPARISON - This {s an estimate based on ma-
terials used and construction complaxitys it reflects
theITaterials and construction problems of liquid
cooling,

TOTAL DIFFERENTIAL TEMPERATURE - This concerns
temperature gradients across a fuel cell stack, The
total temperature differential, AT, between any two
points in the stack centafns twe components, a AT in
the stacking direction (perpendicular to both reac-
tant flows) and a AT In the flow directfon (paraliel
to one reactant flow}, It {s important -to maintain
the stack temperature within a fairly narrow band, If
the temperature drops too low, CO poisoning of the ca-
talyst becomes a problem, and 1f the temperature is
too high, the operating 1imit of the stack materials
1s exceeded, A commonly accepted aperating range is
between 350 and 400°F, . Since every cell 15 cooled
aqually in the process gas method, there is no stack-
ing direction component of the total AT, Also, since
the coolant directly contacts every cell, the inlet
area 15 cooled more than in other methods; this ac-
counts for the Targe AT in the flow direction. For
both the DIGAS and 1iquid cooling methods, the same
number of cells between cooling plates 15 assumed,
This sets the stacking direction AT at 15°F far both
systems, - Thedifference in flow direction AT results
from the differences in 1iquid and gas heat transfer
characteristics, :

TOTAL AUXILIARY POWER - These requiremerts are
mataly a function of the amount of coolant circulated
and the cross-sectional area of the coolant passages.
As expected, the power requirement for pumping @ i~
quid coolant 1s quite small, Since all the conling
air flows through the cathodic channels of .the hipolar
plate, the power requirement is quite large for the
process gas method. Power for DIGAS 1ies between the
two, The same amount of afr. must be circulated
through the stack as in the process gas method, but a
large fraction passes through the large area cooling
plate passages, )

PRESSURE DROP ACROSS CELL - This is a fusction o7
the aiy flow through the cathodiz channels of the bi-
polar plate. The same amount of air {is required for
both DIGAS and 1iquid cooling, hence the same pressure
drop. The high pressure drop for process gas cooling
reflects the high afr flow rate required through the
cathedic chanpels, _

_Based on the above considerations, ERC has con-
cluded that the DIGAS concept offers the best compro-
mise between. reliability, Vife-cycle cost, and heat

" recovery.

Westinghouse has recently made a more detaiied
Under DOE contractl®) they
developed a lumped parameter fuel cell stack simula-
tion code that calculates reactant gas composition,
current-voltage characteristics, and heat- transfer
characteristics for-an air codled fuel cell stack,
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In the madel, the cell area is broken down to a grid
of finfte elements so that power and heat generation
can be calculnsted as functions of temperature and re-
actant ﬁ?mpositfpn. as each varfes from point to point
in a cell.

As discussed previously, one of the major draw-
backs of DIGAS cooling s a higher total differential
stack temperature than that of 1iquid cooling,
Hostinghouse 1s presentiy redesigning the DIGAS cool-
frig piates In an effort to reduce the df fferentfal -
temperature, Results of the simulation show that a
26°F di fferentinl temperature can he achieved with
proper design, This matches what can be achieved with
1{qutd coaling, .

Hestinghouse 1s expanding their computer model to
{nciude simulatinn of the other subsystems ip the fuel
cell power plant and total energy system. The mode)
includes performance and cconomic calculations so that
trade~offs can be made that will optimize the total
energy system as a whole rather than optimizing Just
the fuel cell power plant itself,

ENGELHARD INDUSTRIES

The unfque features of the Engelhard 0S/IES ef-
fort currently are in the following areas: 1} devel-
opment of a fuel conditioner that will aeperate on
methanol (methyl fuel); 2} novel bipolar plate ap-
proaches; 3) Viquid intercell cooling; and 4) matrix
and electrolyte transport reservoir tefhso1ogy. In
the current two-year contract with DOEV®) the electro-
catalysis task {s solely funded by Engelhard, There-
fore, the detafls of any unique developments are pro-
prietary.

FUEL PROCESSING - Methanoi will be fnitially used
in the Engelhard 0S/1ES: natural gas, the choice in
both the UTC and Westinghouse/ERC programs,will re-
ceive emphasis in later phases of the work, Hethanol
selection was based upen 1ts projected avallability
from coal fn the 1990 time frame. A subscale fuel
p;ocessnr is being readied for parametric investiga-
tions,

BIPOLAR PLATES - In the stack area, two novel bi-
polar approaches appear promising, Under subcontract,
pfizer is developing chemically resistance carbon
{vitreous, carban and graphite) structures starting
with reticulated vitreous carbons or cloths. One of
these structures, the se-calied B element, {5 imperme-
able to gas transport and will serve as the bipolar
piate connecting two adjacent cells., See Figure 4.
(In the UTC ribbed substrate {ntegral cell concept,
this 1s UTC's separator plate,} The other structure,
the sp-called A element, 1s porous to permit fuel or

oxjdizer transport to the electrochemically active
electrode dreas (which could be on the A elements).
Graphite structres using Prizer's chem{cal vapor
deposition tedinjques are befpg utilized to help pro-
duce the required properties {n both A and B elements,
The resulting bipolar plate consists of a B element
sandwiched between two A elements. Electrolyte stor-
age can be accommodated In the A element.

In the second approach, thin graphite plates are
separated by a qas-impermeabIe layer of a chemically
resistant material {such as graphite or plastic) that
permits satisfactory alectrical and thermal ronductiv-
1ty. Grooves in each plate wil} permit reactant
transport, If the graphfte plates are porous and con-
nected suitably to the matrix, they can provide an
electrolyte reservofr for matrix replenishment or for
overflow volumes resulting from changing condftions

{volume tolerance), Several promising material combi-’

nations are under test, The Engelhard/Pfizer bipolar
plate approach has some aspects in ct.amon with the
UTC ribhed substrate .integra) cell approaches previ-
ously discussed, '

INTERCELL COOLING - A brief discussion of tha 1i-
quid intercell cooling approach employing a dielectric
fluid, the Engalhard method, was discussed greviously
in connection with the Westinghouse/ERC cooling ape
proach. The Engelhard design makes use of baffles to
provide good heat transfar control yet designed for
ease of fabrication. Not yet finally determined is
the sulftability of the dirlactriec fluid selected
(Monsanto Therminol 44) or the abiifty of the aluminum
cooler to hold up for the five year stack 11fe goal =
uzdeE the corrosive acid environment of the fuel cell
stack.

MATRIX - The matrix effort emphasizes materials
capable of operating at temperatures up to 400°F and
construction that results in good electric and thermal
conductivity, good transport ?f!ow) properties, and
satisfactory reactant crossover resistance. A thin
SiC-fluorocarbon matrix is laminated to each elecirude,
Improved electrolyte transport, needed when opérating
conditions change, 1s provided by sandwiching an elec-
trolyte trapsport member between the two laminates,
This electrolyte transport member also facilitates
electrolyte replenishment to the matrix from a storage
area. -

CONCLUBING REMARKS

As part of the Mation's energy program threi ma-
jor contractor or contractor teams (UTC, Westinghouse/
ERC, and Engelhard), active {n the terrestrial phos-
phoric acid fuel cell field, are receiving government

Table I - Comparisen of Cooling Schemes for Phosphoric Acld Fuel Cell System

o DI GAS Process - Gas: Liquid
System Features “Cooling : Cooling : - Looling
J,  Consteuction Simplicity -+ i Simpie - Simple Complex
2. Eiecirolyte Loss : Low High - Low -
3. Reldability High High Low
4, -External Heat Exchange Fair Fair ~_Good
5. Cost of Cooling Subsystem, % Stack Cost 5 5 25-50
.. Total Oifferential Temp °F : _ 45 60 o 20
" ATgeqq in stacking direction °F ° - : 15 0. : 15
ATce]l in flow direction °F 30 60 5
7. Tota1 Auxiliary Power Req't., % 2 5 1
Stack Auxiliary Power Req't., % _ 0.5 3 <0.5
Balance of System Auxiliary Power Req't., % 1.5 2 0,5
- By Pressure Drop Across Cell, in. Hz0 .. 0,4 3.5 0.4
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support to develop commercia) fuel cell power plant
systems, At present, only UTC, the technology )eader,
15 Working toward commercializing fuel cel) power
plants for both electric utility and 05/IES applfca-
tions. The other contractors are 2 few years behind
in thefr 0S/IES developuent afforts,

dhile similar in many respects, signfficant
technalogical and system differences exist among the
three contractors, These {nclude intercell cooliny,
bipolar/scporator plate, alectrolyte mapagement, ma-
terfals, fuel selection, and system desfgn philosophy.
Phosphoric acid fuel cell techhology/development ef«
forts for both the electric ut!lity and 0S/1ES ap-
plications are directed toward reducing cost and in~
creasing relfability, The lengstanding barrier to the
attainment of these qoals, which manjfests itself in a
number of ways, has been materfals,

In addition, for the electric utility application,
UTC 15 pursuing higher temperature and pressure opera-
tion (400°F and up to 120 psta). ‘The $nftial perfor-
mance gains due to higher temperature and pressure must

~ be balanced agafrct possible shorter 1ife as well as

the cost and performance implications upon the bhzlance
of the system,
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