~

~
=t

et

~ ™

309

FUEL CELL EXPERIENCES AND IMPRESSIONS
S. Orlofsky .

Columbia Gas System Service Cofporation

In July, 1961, Columﬁia éntered into an agreement
with tﬁe'Pratt énd Whitne§ Aircraft Divisioh of United Aircraft
Corpqrafion for the Jéint developmént-agd'field testing of a
500 watt prototype hydrox fué1 cell powerplant. So promising
was this initial venture that a second agreement for the develop-
ment of a 3.75§gatural gas—air fuel cell powerplant was negotiated
in September, 1963. In February, 1967, a group of 27 natural gas
industry coﬁpanies formed TARGET, "Téam to Advance Research for
Gaé Enérgy Transformation, Inc.", to .sponsor and gulde a multi-
million dollar research prograﬁ for the development of a markéte
able fuel cell powerplant operating on natural gas.- Pratt and
Whitney Alrcraft is prime contractor for the TARGET program'wlth
the Institute of Gas Technology as subcontractor. '

* Columbla has one primary reasdn fér participating in
fuel cell R & D programs: to sell more_natural,gas! We know
that a fuel cell consuming meﬁhanol, or hydrazine, or héxamethyl
chickenfat is basicaily unsuited for our'requifements. Since
natural gas, which is predominantly methane with lesser amounts
of the heavlér paraffin hydrocarbons, 1s quite'unreaétive elec-
tPOChemiCaiiy,fﬁe:had folloﬁeq some deQious routes in building
prototype demonstration hardwafé; We are interested in any fuel
cell type, acid, alkaline, high temperature, or what-have-you that

economically utilizes natural gas to produce electricity.
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Economical Energy Transmisslon

It 1s the high effliclency with which the.chemical
energy of a fuel 1s converted to more valuable electrical energy
that attracts our interest. The most modern multli-megawatt central
generating statlions operate at about Lo percent efficiency. And,
transmission of energy as electricity Introduces -other 1nefficilency.
Line losses represent a significant portion of the power produced
as it 1s wired from the central plaﬁt to the ultimate consumer.

Fortunately for the gas 1ndustry, 1t 1s a simple
engineering and economic fact that the electrical industry
cannot supply energy unlts as lnexpenslvely as the gas 1ndustry.
The electric industry has to convert chemical energy to electrical
energy 1n central power stationé and then transport the energy
through wires to the polnt of consumptlon. The cost of doing this
is far greater than the cost o{ transporting natural gas energy
to the consumer. The result is that throughoht the Unlted States,
regardless of the class of customer, electricity.costs 3 -10 |
times more than natural gas at the meter for an equilvalent
amount of energy. Although a utilization efficlency correction
factor must be applled to gas costs, it does not significantly
affect the baslc cost relationship.

Conventlonal central .power statlons are very well
known contributors to air pollution. A typlcal coal consuming
central statlon will produce 7.7 pounds of solld exhaust emlssions
per million Btu. Very substantial quantitles of sulfur dloxilde
are also released to the atmosphere. The natural gas fuel cell

produces none of these,.
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500 Watt Hydrox Powercel

Columbia 8 first, and the free world's first industrial
fuel cell engine, was developed by Pratt and Whitney Alrcraft
Division of'United Aircraft_Corporation, This 500 watt, hydrogen-
oxygen Bacon-type.unit was delivered to us 1n December, 1962,
where it'was Installed at onr Stanton, Kentucky, transmission
compressor station——located in the hills of southeastern Kentucky.

| The 28 cu. ft, engine package consisted of 17 cells
arranged electrically in serles, chemically in parallel. Each
folded can cell contained four dual-porosity nilckel electrodes,
each 5 inches in dlameter, and fuel and oxldant chambers separated
by a space for the 85 percent potasslum hydroxlde electrolyte.
The Powercel PCS5A1 operated at 450°F cell-electrolyte temperature
and atmosphertc pressure. The‘correct‘operating temperature and
electrolyte water concentration were‘maintained by circulating an
excess quantlty of fuel through the cells. This fuel, carrying
the heat and water; was pumped out of the. cells and circulated
through a heat exchanger-condenser system.

| Open circult voltage of the powerplant was 20 VDC cor-

responding to 1.2 VDC per. cell. At full load, the cutput voltage
dropped to 15 VD¢ of 0.88 VDC per cell,, Actual'hydrogen consump-

tion rate was 0.056 1b/hr, at maximum power.corresponding to an

-overall fuel to DC buss efficlency of 49 percent, Parasitic power

reqnirement was 60 watts to operate the hydrogen circulating pumps.
Predictably, there were some unlque problems associated

with startup and operatlon of the prototypelpowerplant. One of

our first probdlems was holding.a small posltive pressure on the

cells anytime the unit was hot to prevent flooding. Flooding
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~can occur as a result of loss of reactant pressure within the
cells at operating temperature; or inadequate rémoval of:the‘“ i
excess water. Ultimately, thesé’problemsiwere tfaéed to
pluggling at the hydrogen ihlet lines.

.The‘fuel cell was operated atjpartial load first
on P&WA hydrogen coﬁtaining 8 ppm CO, and then on Stanton
hydrogen contalning 195 ppm coé. A:water column manometer was
connected across the modulnhydfogen syStem; 'During the test
with P&WA hydrogen, no increase in pressure drop was observed
during the course of the 1l2-hour fun, but perfdrmancé gradually
decayed; Water content of some cells 1ncreéséd from the normal
" 15 percent to 27 percent at the conclusion of this test. A
Subsequent test using the Stanton hydrogen terminated after 30
minutes due to cell plugging.

One celltwas split open to recover a plug déposit

sample for analysis., The plugs occur at the point of maximum

hydrogen veloclty where the 1n1et'hydrogen Impinges on the coarse

por sinter, The analysis by X-ray diffraction ‘indicated
potassium carbonate. ' . S
Clearances on the hydrogen inlets to the cells cén be
extremely close. Cell X-ray photos indicate clearance ranging
from 0.067 inches maximum to less than 0,020 inches between the
hydrogen line in the outer shell and the sinter. Tﬁrrets were
installed at a lower position on the cells where clearance 1is
greatest. The turrets also serve to lower ‘the 1nlet hydrogen
velocity. Use of the‘turretsvnecessitates redesign of the

internal module heaters.
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In view of the definite existenée-of carbonate plugs

and the apparent relation to fuel carbon dioxide level but the

complete absence of potassium hydro#ide or.carbonate in the cir--
culating contfoi system,-visualizing the source of KOHlfor the
plug builldup caused a problem. Howevér, P&WA's physical chemists
ha&e experihehtally‘eétablished that at ;east a monomolecular
layer of KOH exists at the coafse pore-fuel interface. The kOH
migrates from the electrolyte through the adjaéent fine pore and
through the coarse pore fo the external coarse pore surface which
forms one face of the hydrogen inlet chamber.' This KOH acts as a
natural CO, scrubber, | - |

The experience to date is vefy.typicai of the difficulties
that occur in trying to get an instrument or process from the .

laboratory into the field. Though there had been many problems

found in the shakedown of this system, they have been of a simple

and troublesome nature rather than deep—rooted{

3.75 KW Natural Gas-Alr Powercel

Qur sécdnd working prototype powerp;ant was dellvered 1in
July, 1966. This unit was also built by‘P&WA. It is inétalled at
Colﬁmbia's Marble Cliff, bhio,'research laboratories where it pro-
Qides the poﬁer requirements for a simulated homw,

Thé,43 cu, ft. engine ‘package is a completely self-
contained demand-responsive powerplant, providing 3.75 KW at the buss -
bar, Parasitic béwer éonsumption is 300 watts to_supply.an'air pump,
a cooling oil pump, water pump and electronic controls. The Powercel
generates eleétriélty atia néminal é8 VDC at full load consuming

0.645 SCFM of natural gas for an errall_efflciency of 38 .percent.
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Desulfurized natupal gas and demineralized‘water are 4
fed through a boiler iInto the reformer. To acﬁieve maximum hydro-
gen production,Athe primary reactor product gas stream is cooled
somevhat and passed to a secondary carbon monoxide shift reactor.
In this process, the carbon monoxide formed during the previous
processes reacts chemically with water to form additional hydrpgen
and carbon dloxide. Hydrogen is removed from the reformate by dif-
fusion through palladium--silver diffusers;

This ultra-pure hydrogen is piped tb the cell stacks.
Separator waste gases are burned external to the reformer to pro-
vide heat for the endothermic gas steam reaction. Excess steam
1s provided in the reactor to prevent carbon deposition,

The hydrogen generator 1s designed to operate over a wide

‘range of hydrogen production flbws, depending on the fuel cell re-

quirements. A surge tank located downstream of the hydrogen puri- &f
fier unit suppiiés hydrogen to the fuel cells on demand apd allows

the generator to adjust to a new éteady state lcad level. i

Process air supply serves the dual purpose of providing {!

oxygen for the fuel cell reaction and removing water. produced by ]

. . [

the electrochemiéal reaction. Since this 1s an alkaline electrolyte

system, process air is conditioned to remove carbon dioxide._ Elec- /|

trolyte water concentration is maintained by recycling a portion of

the oxygén-depleted moist air. ' ’ /]
Two stacks of 36 cells each, arrangéd electricaily‘in Ji

parailél provide the net 3.75 KW output. The compact hydrogen-gir ) 7,

fuel cells used in this system have an active area of 7.5 Inches ‘\j

by 7.5 inches. Each cell contains two catalyzed porous electrodes

TN
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separated by an asbestos matrix qontaining an aqueous solution

‘of potassium hydrdxide. The individual cells are separated by .

metal cooling plates with integral cooling flow passages. The
cooling plates élso serve as gas distributlon housing, current
collector, and cell mechanical structure. The entire cell includ-
ing electfodes, electrolytg, gas. housing and cooling plate is about
0.17 ;nches,wide, or a pitch of about six cells»pef inch. ’

The PC-10 operates at a gross power density of 150 watt/

sq. ft.-

Extensive monltoring instrumentation was provided at
this Powercel installation so that we could obsérve fuel cell sys-
tem performance under conditions of‘rapidinEhanging load. The fuel
cell would sustain transiert overléads of 100 per cent, limited more
by prdtéction'devices within the4Unit than by proceés considerations.
However, the solid state staticlihvefter‘used to cpnvert the 28 vbe
fuel,céllioutpﬁt to 120 VAC wéuld not sustain an overload, even
1nsfantaneously.

Why is this shoft term ovérioad capability important?
In an effort to simulate a nofmal domestic powef~reQuinemént,

we have loaded the fuel cell with some.standard AC home appli-

’ ances—-¢lothes washer, gas clothes dryer, refrigerator; toaster,

electric 1ron,.coffee maker, vacuum sveeper, and -some not-so-
standard DC appiiancesf—a bC air conditioner. Electric motors
characteristically require a tremendous current surge to start:
the starting current can be five times the normal run current,
but laéts for less than one second, As an exémple, a popular-

brand washer comes equipped with a % horsepower split-phase
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motor--this unit draws almest 50 amps to start but'runs at 8 amps.,
Fdr this program, a capacitance start'moth was substituted which
drew 22 amps to start and 7 amps run current.

The homeowner just doesn't concern himself with fhese
problems bgqausé4he does not pay a demand charge on his domesﬁic
elecﬁric bill. And, the eléctric company Is not concerned be-
cause the transformer on the pole in the backyard serves eight
to ten houses: the odds on two housewlves creating a simultaneous
sufge is sméll. But, starting surges are important considerations

- in deslgnlng a system to provide all domestic energy requirements.

Réason fof Columbia'é Iﬁterest in Fuei Cells

Columbia is chartered to sell energy--energy ;n thg form
of the premium fuel natural gas.  We haQe'captured 92 per cent of
the residential and commercial heatling markets within our operating
areas, Direct industrial sales aécount for about a quarter of
Columbia's total annual natural gas sales, which a?e in. excess of
a trillion cubic feet--and this market is growlng. polumbia is

actlvely seekling new markets.

A vast market potential exists for natufal gas In on-
site power generation. ' Columbla already has installatlons where
gas provides all of the energy requifements, including electricity,
of induétrial plants, shopping centérs; high-rise apartments,
hospitals, and hotels. These installations use gas ehgines_or
gas turbilnes énd loads are above 50 KW. For small commercial
establishments, apartments, and hpmgs where the total power re-
quiremgnt is less than 50 KW, gas engines and gas turbines are not

economical.
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However, the fuel cell does appear economica11J feas;ble

for these applications. ProJections indicate that by the year 1980

nearly 200,000 new homes will be bulit each year in Columbia's serv-
ice area. _Assuming that only half of these are truly all ~gas homes,
they would generate approximately $24 million in new gas sales
annually. , ' I

With the fuel cell, we will introduce an entirely new
concept in home comforf conditioning. The homeowher ﬁili be able.
to purchase or iease_one package which will heat and air coﬁditioh
the home, clean and humidify the air in the home, cook the food,
heat the water, and supply all elecfricity using one economicai
dependable source of fuel nafural gas » o

Surprisingly little 15 known atout pauterns of electrical
edérgy requiremznts for the American tomeowner. The 1965 averaov
residential power consumption was 4,933 KWH according to Electrical
World. Now this consumption figure works out to a steady'require—
ment of less than 500 vatts over the year, yet the electrical service
connected to the home 1is commonly 100 amperes.at 240 VAC with powar
companies constahtly.pushing fér 200 ampere 1nspa11ationé. The
mismatch is apparent when one cohsideps that the transformerkon
the pole in the backyard has 25 KVA'éapécity and ser&é5'8 to 10
homes. It 1s‘apparent thaﬁ the'pqwer éohpéﬁ} has sized the trans-
former on the-generally;valid aSSumﬁtion that all bbmeqwngrs.served.
will nét require maximum demand simultangously.~ Hdwever, 1@ the
single home‘on-site fuel cell system, no such diversity exists:

‘the system must be capable of handling any power requiremént on

demand.
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Design of the fuel cell system necessitateé information
Qn-exact power requirements with an accuracy that is not available,
To this end, Columbia has instrumen@ed several homes Qith rapid'
response wattmeters and fast response recorders to define and

document present consumer power consumption patters.

TARGET--wny an Industry-Wide Jolnt Venture

Fuel cell technology has advanced to the point ﬁhere anA
‘aggressive, greatly expanded progfam which has as 1ts goél the pro-
duction and sale of competlitive natural gas fuel cell systems is
Justirfied. The .Institute of Gas Technology has operated high tem-
perature molten carbonate single cells contlnuously for over a
&ear. Pratt and Whitnéy has engineered a self-contained demand-
responsive protofype.natural gaé—air fuel cell system. But, tech-
nology has reached that stage of sophistication where little more
can be accomplished through continued low cost laboratory type ex-.

perimentation. Through the American Gas Asséciation and industry,

the éas 1ndu$try has put significant funds into fuel cell research !
at IGT. The transition to high expenditure, semi-manufacturing , }
scale, prototype hardware 1s the essentlial next step in the de-

velopmenf of natural gas consuming fuel cell power systems.

Appraisal of the state of fuel cell technology indicates
that a properly supported and staffed program could force the entry‘
of the fuel céll 1hto the market by 1975. However, our cost studles
project a need for $20 million to finance the first three;year :

phase of the program. For an ;ndividual company to undertake a
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major program of such sweeplng.significance to an 1ndﬁstry would
not be practical. So, 27 natural. gas'qtilities have Joined'in
the formation of TARGET, Inc.--Team to Advance Research for Gas
Energy Transformation. ' ‘ ,

The benefits to the gas industry from the development of

competitive natural gaé fuel cell systems for resldential, commer-

clal, and industrial application are thréefold. These benefits

are that:
1. »New loads will be obtained. .
2. Base ioad,sendoutiﬁill be increased.
3. The gas industry will gain a competitive answver

to the all-electric concept.

The goal of TARGET 1s tﬁe development of a complete-comfort
vackage for homes, épartments,‘and businesses whichvwill be bet;
ter than any of the methods preéenply used for epvironmental cdn—
ditioning. This package.will provide for complete control of
temperatufe and humidity year-around along with generation'of
electricityffor all needs on-slte, using safe, dependable natural
gas. Reductlon of air poliution is a cérollary bénefif;

‘ The exact target atAwhich our.industry effort 1s aiming
1s the development and marketing of fuel cells specifically de- i

signed to operate on natural gas and ailr. Presenf plans call for

- development of marketing, economic; and technological information

necessary to establish the competitive position and usefulhess of
fuel cé114tota1 energy and environmental conditioning packages of
various sizes by Pratt and Whitney Alrcraft under the supervision

of TARGET.

The first phase of the development program 1s an exten-

"sive market evaluation.




