S06 ADEQUACY OF TECHNOLOGY FOR POLLUTION ABATEMENT

" and: electricity must proceed at: rates that majntain conditions uniform within
the battery. Nonuniformity can nesult in many, ays and have many: undesirable
comsequences, one .of the more sérigus. of which il be illustrated in’ Figure 7.

In.addition to ensuping uniformity in-the battery, the engineers must also

- choose materials of construction, regulate the eleetrical output of the battery,
and make the step from battery to system. These engineering assignments have
turned out to be:more formidable than many had anticipated, and the engineer
today earries the prmcipal burden in making hydrogen batteries successful.

WHAT ARE" SOME ELECTRICAL PBOBLEMB OF THE FUEL BATTERY ?

The electrlcal problems of the frel battery are inhierent in the performance
carve of:the fuel cell (see Figure ). Two favorable features stand out: (1) At
open cireuit, voltage is ‘maintained W1thout measurable consumption of fuel,
there being no net electrechemical reactmn gt mero current. density. (2) Volt-
age efficiency, ‘and henge oy ¥ the usual case, is higher the lower ..
the current density; - These features make. t dﬂrect fnel battery desirable for
equipment that must stand ready: to. perform during long idling periods, or that .
operates most of the time at‘low.load. These advantages may be reduced in an
indirect fuel-battery system owing to the. energy required to keep converter or
reformer ready for operation when load increases.

The low voltage of the single fuel cell:leads to electrical problems, which are
gernierally less serious with hydrogen ag fuél because it gives higher cell voltages
at the same current density than do most others: hydrogen might. yield E=0.7
wolt ‘at. current densities where hydrocarbons gwe B=:0.8. The obvious way to
obtain needed high- voltages from. fuel cells is to connect them' electrically in
series. :

As was mentmned above, the greater the number of cells in series, the greater
the’chance ohe cell in’ the gtack’ will fail; afid this will most often be afdilure
«of’ the léast reliable cell; *Thig eould sinply open-cireuit the stack, or it could:
‘have more serious consequences ~If the failure resulted from an interruption
“6f the hydrogen o oxygen supply, the other:cells in the stack could “drive’ the
‘otie’ affected and éause unwanted reactions to oecur at the electrodes. This is
the serious lack of uniformity mentioned above. Ag Tigure 7 shows, this type
of failure could lead to the generation of oxygen inthe hydrogen (anode) cham-
ber and to the generation of hydrogen in the oxygen (cathode) chamber, clearly
-dh‘undesirable state “of ‘affairs,

“For cells connected:in parallel; complete failure will 'usually not oceur until
‘thi most reliable ‘eell has failed although i:hMe will ‘have been a - decrease in
‘carrent prior to compléte failure; From: “standpoint ‘of reliability, it B
desirablé to minimize serles—and: mnximizé parallel conmections.” -

" There ig a limit to how: far one can 'go. ' Maximizing parallet comnections. im—
plies the handling of ‘large curients and the incurring of high I (2):R lossés,

-andthete 18 'the added difficulty that most electrioal 'equiptaent operstes at volt-
‘ages ‘considerably: above: that of ‘a single eell. /Solid-state-de-de converters are
‘now available at ratings: from 20 watts to a8’ few kilowatts, but- these are ineffi-
«clent at low input voltages. : They are neveitheless valuable becanse they make
it possible to reduce the number of cells conneéted in-series, the extent of maxi-
mum reduction’being set by the conversion inefficiency: consadered tolerable, and
by the probability of failure of a cell in the stack.

“De-ac inversion forismall topds ‘can'also be accomplished; bwt only with heavier
~amd more costly equipment than: de-dé ‘convergion requires;’ At present, we'do
‘net believe: that: iuversion of Tuelbdttery power. on d ceritralstation seale nded
e considered 1 if -ambh. povier: iea icorhpete- on ‘thil sbals at:all, 46 ‘will ‘have to
wompete . for de applications;: ¥ In the ‘electrothemiond mdustfy The in-
Jdustry provides a: darge market i iperhaps 5% of the 200,000,000 1w total Amieri-
.can  generating mpadt ‘serves. this - market,% bout: ha’lf of" whieh pr'odnwes

alaminum; sl

The performance curve m Figure 6 also permits eonclusmnsi about bperation :

- at various'power levels. Ags Figure 8 makes clear, operation at maximum power
density is possible only at reduced’ efficiency, and. this reduction becomes pro-
hibitive at current densmes above that for maxxmum .power density
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