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Conceptual drawing of a 
Mars base based on 
bio-power. A greenhouse, 
microbial fuel cells, and algal 
growing compartments are 
all visible. Image by Chris 
Lund. Credit: IntAct Labs
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EXO L IFE

Power In Space: Time For A 
Biological Solution
by David Tenenbaum
Cambridge MA (SPX) May 15, 2007

Traditional systems for making 
electricity in space depend on the 
hardest of hardware: photovoltaics 
(solar panels), hydrogen fuel cells, 
radioisotope thermal generators. But 
at a meeting of the NASA Institute for 
Advanced Concepts (NIAC) last fall, 
Matthew Silver, a space systems 
engineer who heads IntAct Labs in 
Cambridge, Mass., presented radical 
ideas for using biology in a new 
generation of power supplies. These 
proposed devices would generate electrons using microbes 
that live in mud, or proteins native to the human ear or in 
photosynthetic bacteria.

In theory, biological power systems offer a number of advantages.
Existing systems based on physical and chemical processes are 
difficult and costly to manufacture, and difficult to modify once 
fabricated. Biological systems may offer a high power-to-weight ratio, 
convenient fuel storage and many of them make useful byproducts 
like molecular oxygen. But the ultimate promise is this: they might be 
grown as needed in space.

Two promising areas for biopower are microbial fuel cells, which rely
on microbes that release electrons during metabolism, and gadgets 
that convert kinetic energy or radiation directly into electric current.

The latter concept, dubbed "powerskin" by IntAct Labs, would be a
thin film based on biological proteins that respond to movement or 
light. "The proteins responsible for hearing and eyesight have 
interesting electrical properties," Silver says.

In the inner ear, the protein prestin plays a key role in converting
vibration into the electrical signals that are sent to the brain, Silver 
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observes. These proteins could be used "to translate vibrations into 
charge," he says, and "scavenge energy" from slight winds and 
vibration on Mars - or even from an astronaut's movement - to power 
sensors or other remote devices. "The idea is that it could power 
sensors that do not need wiring, so you would have the ability to 
generate electricity where you need it in applications that need not 
weigh very much."

Powerskin could also become the heart of a vibration sensor.
"Because prestin converts a mechanical change into electricity, there 
is the possibility of being able to sense vibration with very high 
sensitivity," Silver says.

Another use for powerskin could rely on proteins such as rhodopsins,
which respond to light. The rhodopsins are made by cyanobacteria 
and are similar to the molecules that respond to light in the 
mammalian retina. (Plants perform a more complex type of 
photosynthesis that would be more difficult to replicate, he adds, 
although research has begun.) "There has been a lot of research into 
rhodopsin, which is used for photo activity in simple organisms like 
cyanobacteria," says Silver. Researchers have genetically altered 
several types of microbes, including yeast, to express rhodopsins.

If an electric-generating skin were cheap enough, it could be used to
coat space habitations.

IntAct Labs also presented ideas for microbial fuel cells that would
house anaerobic bacteria to digest organic matter and release 
electrons to start an electric current.

Most of the interest concerns the genus Geobacter, an anaerobic
organism that Derek Lovley, of the University of Massachusetts, 
discovered in sediment in 1987. To make energy, Geobacter oxidize 
organic matter, in the process transferring electrons to iron oxide 
particles in the surrounding soil or muck. In a fuel cell, a graphite 
electrode would substitute for the iron oxide as the electron acceptor. 
Because Geobacter and related organisms can create an electric 
current directly to electrodes, Lovley terms them "electricigens."

Basing a fuel cell on microbes offers many theoretical advantages
over the hydrogen or methane fuel cell, Lovley says. "A catalyst is 
not needed, and catalysts are normally expensive and easily fouled." 
A second advantage comes from the mucky nature of the fuel itself. 
"The fuel doesn't have to be clean," says Lovley. "It can actually be 
dirt, or waste products."

As Silver envisions it, a microbial fuel cell could digest human waste
and other organic garbage during a trip to Mars. NASA's Waste 
Processing and Resource Recovery Workshop estimated that a crew 
of six would, on a low-carb diet, produce 10.55 kilograms of organic 
waste per day en route to Mars. That quantity of waste, Silver 
calculates, could produce up to about 1 kilowatt of constant power in 
a microbial fuel cell. NASA has estimated that life support systems 
on such a craft would need roughly 1 kilowatt per person during a 
cruise to Mars.
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The carbon dioxide produced by bacterial oxidization of organic
waste could be used to grow algae in sunlit chambers, producing 
molecular oxygen as a byproduct. The algae could also be used to 
feed the microbial fuel cell and make more electricity. A similar 
process could create electricity on Mars, Silver suggests.

While prototype microbial fuel cells have used a single strain of
microbe, multiple organisms could increase the power output, 
particularly if the input were organic wastes. "We presented to NIAC 
the fact that different bacteria metabolize different things," says 
Silver. "A microbial fuel cell could use cascading chambers," where 
the output of one cell becomes the feedstock for a successive cell. 
For example, when bacteria in the genus Clostridium metabolize 
sugar, they do not use all the energy available in the sugar. 
Geobacter, however, can metabolize the waste products of some 
Clostridium, Silver suggests. Even better, Silver adds, through 
genetic engineering, "a novel organism could be designed that 
digests a greater range of inputs."

Using organic material as fuel leads to another advantage of
microbial fuel cells for space exploration: organic matter is easy to 
store. While electricity from a photovoltaic panel must be stored in 
massive batteries or another complicated storage system, storage 
requirements for bacterial power units would be minimal, because 
the microbes could be fed to generate electricity as needed.

Another potential advantage of biological power systems is their
"homegrown" potential. The complex material conversions needed to 
manufacture the power systems could be performed by 
microorganisms; they would not require the heavy industrial 
processes used to make PV panels. Even the polymers used to 
encase various elements could be grown, not fabricated, Silver 
suggests.

Silver says, "If you design it right, you could imagine having the
ability to fabricate your technology on the lunar or Martian surface. 
Imagine looking at power systems not as something that is extremely 
valuable, but as something that can be grown as needed."
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system. Here on Earth we have collected many meteorites that 
originated from the moon and from Mars, and there are also likely rocks 
from Earth sitting on the surfaces of our planetary neighbors.
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