THE AMAZING "BUG" BATTERY
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llustrated on this month's cover is o radically new kind of power converter
colled o biocell. To drive the electric motors, it is changing a fuel directly

to electricity with no intermediote steps. As with any new system or device,
there are ""bugs " in the biocell. But engineers are not trying to eliminate all
the bugs, or more accurately, the bacterio, becouse they are generating the
electricity. Far pest the gimmick stoge, o
number of more refined biochemicol fuel
cells, to use their proper name, are dem-
onsirating their potential as a new pow-

er source for the spoce age. Investiga-

tions ore under woy with a view toword us-
ing biocells in the “dlosed-cycle’ of
a spacecrafl like Apolle to convert
waste material info fresh water
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and food and. at the same time, generats
electricity to power radios, radar and
telemetry gear, and other on-board aux-
iliary equiprment

Land-based biocells have powered radio
transmitters, driven model boate, and
lighted fAuorescent tubes, A Navy-spon-
gored design floats in the sea and gen-
erates a multi-watt ootput, Thus, al-
though the biccell is not yet rolling off
the production line for general use, the
promise of this newest and most exotic
fuel cell seems tremendous.

Up to the present time, man hags pro-
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Busild woir own bug battery? It's perfectly
feagibhe with the Electron Moleculs Research
kit ilustrated in these two photos. Dis-
tribufed by Allisd Elsctronics [the imdus-
triml Dranch of Allisd Radio Corp.), 100 N.
Western Ave., Chicage B0, L, the kit sells
for §18.98 wnder stock mnumber TEESE, and
mncludes material for 12 celli—plastic con.
taimars, copper Bnd aluminem  slectrodes,
harmiess Becteris i @ carrier, aclivabor
[ powdiened brown rice husks), hardwans, wine.

duced the electrieity he uses by mechani-
cal or electrochemical means, Biochem-
istry now loome as 8 major prodocer of
power for us, and it is not the science-
fiction or Bunday supplement writers but
gselentiste themselves who suggest such
“way-out” possibilitiss as turning the
Black Sea into a gigantie “bug battery”
to light parts of the country surround-
ing it. A more modest idea iz that of
using sewage, garbage. or wastes like
those from paper mills to feed bacteria.
This not only produces power heretofore
untapped; it also gets rid of the waste
material much more efficiently than son-
ventional means.

Whether or not the biocell will ever
produce power for a mill per kilowatt-
hour remains to be seen. One of the pio-
neer developers has predicted such a
bonanza, and there is general agreement
that bio-power will figure importantly in
our future. After all, biochemistry has
fed and clothed ue all this time. Why
not let it furnish the power too?

Tha sbumimum  and copper aleciiodes are
bedted in tha plastic comtainers (left). which
are then flled with the carrier [ Doy -
The biocells begin producing sleciricity
whin activaior is added— 12 are encugh to
il & gmall alectric motor, power o tran-
sistor radio, or light a small piloy lamp,




The Biocell's Past. Although even the
anclent Romans were aware of electric-
ity in living things and actually used
the torpedo ray fish in shock treatment
of the mentally ill. the iden of putting
bacterial metabolism to work as an elec-
trical power plant dates back only about
60 years. In 1912 a British botanist,
M. C. Potter, put together a half-dozen
“gelle” using veast around carbon elec-
trodes. This primitive bacterial battery
generated a current Potter measured at
1.25 milliamps.

The feat caused no sudden selling of
utilities stocks, Other researchers con-
ducted sbmilar experiments at irregular
intervals, however, and in 1931 B, Cohen
at Johns Hopkina Medical School here
in the United States reported on a bac-
terial battery that upped Potter's output
to aboat 2 ma. It was not until about
1960 that bioeell research got into high
gear, with several groups pushing the
idea at the same time,

In his work for the Department of In-
terior's Geologieal Survey, biologist Dr.
Frederick Sisler became greatly inter-
ested in the fact that decomposition of
organic matter on the ocean bottom, plus
the chemical and physical conditions in

the ocean, led to production of a weak
electrle current, He began to work
toward developing a biccell explolting
this phenomenon.

Dr. John Welsh and his associates al
Joseph Kaye and Company, a Cambridge.
Massachusetts, research firm, noted that
all fuel cells had eertain common de-
nominators—fuel, plus a catalyst to ac-
celerate the electrochemical reaction.
And asinee enzymea from living cells
are the ultimate in catalysts, Welsh felt
that biochemistry might speed some re-
actions a million-fold.

A third group. Magna Industries, Inc.
of California, came onto the biocell ldea
in a roundabout way. Inveatigating the
corrosion of oil wells and pipe lines un-
der the sen, they found that bacteria
were the eulprita. They found too that
thege bacteria were pgenerating tiny
amounts of electricity while doing the
dirty work. Bo Magna began to inveati-
gate the posaibility of setting these tiny
workers at a more useful task: that of
producing electric power for seagoing
equipment,

Bp immediately successful was biocall
work that predictions were made in 1961
that a 1-watt eell was feasible and that




Tha eisborste apparatus ab left i
an axparimental hydrocaran biocs
being tested ot Socony Mobil O
Comparry Field Ressarch Laboratory

a radio might be powered with bacterial

electricity within a few years. These
things materlalized even sooner than
hoped for. In 1982, Sisler and his asso-
clates in a newly formed private firm
demonstrated a small transmitter with
a range of 15 miles, and also a model
boat operating on biocells, tapping the
water It foated in,

The first biocell conference was held
in 1062 In Corvallis, Oregon. About a
dozen firms were active by then in the
new field, both with company-funded
studies and work backed by the Army,
Navy, Alr Foree, and NASA. In just a
couple of vears the biocell had jumped
from laboratory test tube to serious con-
tender as A new power SOUFSE

How It Works. Every living thing, man,
mouse, or microbe, is & biochemical fuel
call. It takes in food or “fuel” and
breaks the material down to & lower
form. extracting energy in the process
Some of this energy appears in the form
of electricity. Luigi Galvani was in-
trigued by the animal electricity he
found in frogs, but his countryman,
Volta, turned scholars of electricity In
another direction with his Voltaic pile,

Revarsing the usual probedure. power
can be fed o & biocsll to produscs
chamical reactions. Abswa, Dr, ¥, H.
lnami doss 5o ina NASA study to sim-
ulwbe reacticds (hel ooowr in Diocells.

a device considered the original battery.

Make electrodes of two dissimilar ma-
terials, place an electrolyte between
them, and current flowa. This is the same
“pxidation-reduction” process that goes
on in living thinge that breaks down
fuel into energy and waste, Oxidation,
familiar as burning. I8 made, in a bat-
tery, to push electrons around a circult
inatead.

The battery iz a handy device, but ex-
pensive. It would be better to be able
to “burn” cheaper fuel in it to pro-
duce slectrieity, and in 1838 an Engliah-
man named Growve did just that. His bat-
tery uséd hydrogen gas instead of zinc
or other metal as & fael, and was the
forerunner of today's “hydrox” fuel
cells. Before the turn of the century
other workers had improved Grove's idea
and coined the name “fuel cell” But
another means of generating electricity
was making its debut. Called the dyna-
mo, it ushered in the age of the mechani-
cal production of electric power.

Binece even the most efficient turbine
generators are doomed by the inexo-
rable laws of thermodynamics to waste

{ Continuwed on page 103)



The Amazing “Bug" Battery
{ Continuwed from page 44)

more than half the fuel fed them, in the
mid-1840's we turned belatedly again to
the century-cld idea of the fuel cell
Progress has been considerable, and to-
day we have fuoel eells powering every-
thing from golf carts to the Apollo
space vehicle,

In a typical fuel cell, hydrogen is fed
to one electrode and oxygen to the other.
Beparated by an “ion exchange'" mem-
brane rather than the liguid or paste
electrolyte of the storage battery, the
fuel cell produces electricity—and water,
Thia by-product is important on space
missions, obviously. In theory, a fuel cell
can be 100 per cent efficient. However,
some energy is required to execite the
molecules to an energy level necessary
for the reaction producing current flow,
and there |8 some resistance in the cell,
Practically, 75 per cent is a good figure
of merit.

With this kind of performance it
might be wondered who needs batteries
made from But the conventional
fuel cell still has drawbacks, Hydrogen
and oxygen are expensive, and power
densities of fuel cells are rather low
even though they are more attractive
than regular batteries. A fuel cell that
operates on cheap fuel oil is needed, and
work is going on in this direction. Cata-
lyvsts to speed up the reaction and cut
down the internal loss of power are im-
portant. Such things as platinum, and
more recently, nickel borlde, are being

used, Unfortunately, fuel cells using
inexpenaive hydrocarbon fuels such as
natural gas, octane, ete., seem Lo re-
quire expensive catalytle electrodes
such as spongy platinum.

The stage was now set for the entry of
the bacteria battery, the biocchemical
fuel cell. As Dr. Welsh and others had
noted, bacteria and their derivatives pro-

fuel cells practical. More important, bio-
cella have already shown they ean turn
even waste material into power.

The Electron Molecule Research bio-
battery in action on the cover represents
the simplest type of bio-power. With its
aluminum and copper electrodes it might
appear to be a galvanic battery, using
the rice husk “earrier” as an elestrolyte.
However, If a weak acid solution is added
of the bacteria nutrient, current
lasts only a short time, Thus the

seem able to prevent polariza-
tion, or coating of the electrodes, that
halts the reaction. EMR demonstration
cells have been operated for more than
a year with no decrease in output.

In more sophisticated biocells the
anode and cathode sections are separated
by an lon-exchange “bridge” through
which jons diffuse to sustain current
flow. Bacteria are placed at one or both
electrodes and promote the process of
stripping electrons from the "fusl” pro-
vided them.

In addition to more effective catalytic
action and the use of cheaper fuels, the
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guired in some fuel cells. It is also char-
acterized by the mild, “natural’ condi-
tions at which life processes take place,
with a pH factor in the neutral range
and a dilute water solution as an elec-
trolyte.

Fuel for the biocell varies from sugar
to organic sea material yeast, mush-
rooms, of urea. The U.B Bureau of
Mines has demonstrated a biocell operat-
ing on the inorganic material, pyrite, or
fool's gold. Suggested are such things
as grass, dry leaves, sewage, and other
waste materials. One of the most inter-
eating biocells was made by Magna re-
searchers, using bacteria at one electrode
and algae at the other, with sunshine
as fuel! In effect this represented a bio-
logical solar battery and offers the in-
triguing possibility of converting sun-
light to electricity more efficiently than
the photovoltaie cell,

The biocell, like the conventional fuel
cell, Is not without its drawbacks, of
course, Compactness is not among its
merits, as witness the bulk of the EMRE
do-it-vourself battery. Densities of only
several amperes per square foot of elec-
trode surface have been reported and
thie is not sufficient for many applica-
tions,

The potential difference exhibited by
living materials leads to mild reactions,
and the voltage of typical cells is only
shout half a wvolt. Cell resistance is a
problem, as is the proper shape and size
of the cell itself. And obvicusly the bae-
terial “workers” must be fed and thus
gobble up half the available energy!

Buccess already achieved with biocells,
despite little real knowledge of the phe-
nomenon of bicelectrochemistry, seems
to indicate that the blocell’s problems
are not insurmountable. Compared with
those of harnessing the power of nuclear
fusion they seem small by contrast,
though, of course, nobody suggests that
the pavoff will be as great. Right now
researchers know that the biocell works;
they want to know how to make it work
better and the chances are good that
they will succesd.

Biocells—Today and Tomorrow. Space

iz helping to boom biocell de-
velopment. When NABA asked for bids
on a project there were 33 responding
firmsa. Contracts have gone to four of
them, and working systems may be part

of manned space vehicles within several
years. This is the “Space Onsis” con-
cept, referred to before, with biocells
working in conjunction with an algae
golar converter in the spaceship's closed
cvele. Magna Corporation, Marguardt
Inec., General Electric, and Ford's Aero-
nutronie Division are doing such re-
gearch work for NABA,

In operation, such & cloped-cycle plant
will process waste material to provide
water, food, and electricity to operate
radio and other auxiliary equipment. As
an example of the potential power sup-
ply, tentative specifications describe a
20-watt urea-fueled battery with 100
ampers-hour daily output from the
waste of one erew member.

Much farther along are U 5 Navy
projects. Magna has produced multi-
watt units of a marine bio-battery. Theass
are presently being used only to power
transmitters in buoys, but there are
heady suggestions of bio-powered boats
for the future. General Scientific Cor-
poration has also produced prototype
units for the Navy.

A submarine to be powered by con-
ventional fuel cells is being studied, and
there I8 a poesibility that the biocell
may be advantageous in such applica-
tions. If the model boat already demon-
strated, and the hints of using the Black
Sem as a power source can be taken sari-
ously, the term “ocean current” takes
on an entirely new meaning!

In addition to theee programs and oth-
er government-funded work, there are
privately sponsored projects in the bio-
cell field, with eome aimed at commercial
use of the new power source, On land
the biocell may be put to work first in
powering remote electrical and electronic
installations, aircraft landing lights,
fence chargers for ranches and farms,
and similar tasks. Army portable radars
have already operated succesafully on
conventional fue] cells and such military
gear using bio-power seems possible.

Later on may come projects like har-
nessing the energy in sewage, paper mill
efuent, and 80 on. While conventional
generating planta are obviously safe for
many years to come, developments in
biochemistry may eventually lead to Low-
cost industrial electricity competing in
pome arcas with that produced by fos-
gil fuels,



More easily foreseeable are processes
in which the biocell does a dual job. It
has been pointed out that a brewery is
a potentinl power plant if the heat of
fermentation can be converted to elec-
tricity. The same might apply to a bak-
ery and to other industries dependent on
blochemical action,

The blocell may also prove of great
value a8 & chemical process rather than
i power producer. Since the fuel cell
can work both ways, electricity might
be supplied fo the cell and the bacteria
furnish useful by-products rather than
electricity. Another interesting sugges-
tion is use of the biocell as a-detector of
germs during posaible germ warfare,
since a forelgn strain of bacteria would
adversely affect the electrical output.

The conventional fuel cell has a his-
tory of more than 20 years of accelernted
development. Even though it is still a
long way from perfected, it is considered
worthy of spending additional millions
toward improvement. Application of the
blocell, on the other hand, came just
three years ago and it has made amaz-
ing progress in that short time.

Many scientists feel that attempts to
exploit bio-power this early are putting
the cart before the horse and that many
more years of basic study are indicated
firet. However, Ernest Cohn, head of
NASA's Electrochemical Technology
Projects, points out an interesting paral-
lel in the chemical industry. While pa-
pers and theses are still being written
describing original research on produc-
tion of ammonia, we nevertheless have
an excess of manufacturing capacity for
the compound.

Not sure just how the biocell really
works, scientista and engineers are
nevertheless putting it to use. Given 20
years, it too may do some marveloos
things. Meanwhile, you can put together
a simple bic-battery of your own and
watch, or listen to, bug-power go into
action! —T



