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Renewable Hydrogen Production Becomes Reality at Winery
The first demonstration of a renewable method for hydrogen pro-

duction from wastewater using a microbial electrolysis system is
underway at the Napa Wine Company in Oakville, Calif. The refrigera-
tor-sized hydrogen generator will take winery wastewater, and using
bacteria and a small amount of electrical energy, convert the organic
material into hydrogen and other products, according to B.E. Logan of
the Pennsylvania State University. 

“This is a demonstration to prove we can continuously generate renew-
able hydrogen and to study the engineering factors affecting the system
performance,” said Logan, Kappe professor of environmental engineer-
ing. “The hydrogen produced will be vented except for a small amount
that will be used in a hydrogen fuel cell.” Eventually, Napa Wine Com -
pany would like to use the hydrogen to run vehicles and power systems.

Napa Wine Company’s wastewater comes from cleaning equipment,
grape disposal, wine making, and other processes. The company already
has on-site wastewater treatment and recycling and the partially treated
water from the microbial electrolysis system will join other water for
further treatment and use in irrigation.

“It is nice that Napa Wine Company offered up their winery and
facilities to test this new approach,” said Logan. “We chose a winery
because it is a natural tourist attraction. People go there all the time to
experience wine making and wine, and now they can also see a demon-
stration of how to make clean hydrogen gas from agricultural wastes.” 

The demonstration microbial electrolysis plant is a continuous flow
system that will process about 1000 liters of wastewater a day. Microbial
electrolysis cells consist of two electrodes immersed in liquid. Logan uses
electrode pairs consisting of one carbon anode and one stainless steel
cathode in his system rather than an electrode coated with a precious
metal like platinum or gold. Replacing precious metals will keep down
costs. The wastewater enters the cell where naturally occurring bacteria
convert the organic material into ions including hydrogen ions.
However, the currents produced by this process are limited because a
fermentation barrier exists. The fermentation barrier can be overcome by
a small applied electrical bias,  on the order of 0.25 V, so that hydrogen
gas is produced electrochemically on the stainless steel cathode in a
much more efficient manner.  

The demonstration plant is made up of 24 modules. Each module has
six pairs of electrodes.

“The composition of the wastewater will change throughout the
year,” said Logan. “Now it is likely to be rather sugary, but later it may
shift more toward the remnants of the fermentation process.”

The bacteria that work in the electrolysis cells will consume either of
these organic materials.

The project is supported by Air Products & Chemicals, Inc., The
Water Environmental Research Foundation Paul L. Busch Award, and
other donors. Brown & Caldwell, an environmental engineering con-
sulting firm, was contracted to build the demonstration plant. The
Napa Wine Company is donating its facilities and wastewater for the
demonstration.                                                                                                   

So far, the new material has provided
steady performance for up to 1000 hours
of operation in a small laboratory-scale
SOFC. To be commercially viable, how -
ever, the material will have to be proven
in operation for up to five years—the
expected lifespan of a commercial SOFC. 

“We don’t see any problems ahead for
fabrication or other issues that might pre-
vent scale-up,” said Liu, a Regent’s profes-
sor in the School of Materials Science and
Engineering at Georgia Tech. “The mate -

rial is produced using standard solid-state
reactions and is straightforward.”

The researchers do not yet understand
how their new material resists deactiva-
tion by sulfur and carbon, but theorize
that it may provide enhanced catalytic
activity for oxidizing sulfur and both
cracking and reforming hydrocarbons.

Furthermore, Liu said, “Getting the tem-
perature down to 300–400°C could allow
use of much less expensive materials in the
packaging, which would dramatically

reduce the cost of these systems.”
“Solid-oxide fuel cells offer high energy

efficiency, the potential for direct utiliza-
tion of all types of fuels including renew-
able biofuels, and the possibility of lower
costs since they do not use any precious
metals,” said Liu. “We are working to
reduce the cost of solid-oxide fuel cells to
make them viable in many new applica-
tions, and this new material brings us
much closer to doing that.”
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