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Dairy Industry in New Mexico

• New Mexico alone is the seventh largest milk producer in the United 
States.

• New Mexico and Texas combined form the third largest milk-shed in 
the nation, behind California and Wisconsin, and produce about 8% 
of the national milk.

• Dairy is the most important agricultural industry in New Mexico and 
produces more cash receipts than any other agricultural industry in 
the state. 

• (http://dairy.nmsu.edu)

I. BACKGROUND



Gonzalez Dairy, Mesquite, NM



Importance of MFC technology

• Conversion of agricultural wastes into energy sources such as 
methane, hydrogen or electricity is desirable because it converts a 
common waste into an important resource. 

• The conversion of organic material directly into electricity can be 
accomplished using a microbial fuel cell as long as appropriate 
microorganisms are available that donate electrons to a suitable
electrode. 

• Microbial fuel cells have a high energetic efficiency, in theory being 
higher than fifty percent, which may compete with other energy 
production since it has been shown to have such a high-energy 
transfer (Yue & Lowther 1986). 

I. BACKGROUND (cont.)



(Rabaey et al., Trends in Biotechnology 23:291-198)



• Microbes oxidize these wastes in the 
anode compartment, releasing 24 
electrons and 24 protons per mole of 
glucose giving the following equation: 

• C6H12O6 +  6H2O  ��� � 6CO2 +  24H+  +  24e-



• The redox reaction of O2+4H+ + 4e- � 2H2O can potentially 
provide the bacteria in any sized system with .840 V of energy to 
deliver to the anode (Rabaey 2005).

• The purpose of this study was to characterize the voltage production 
from dairy manure incubated and through a pure culture system (E. 
coli (K12)).

• Using this known culture system, work is on-going to identify the role 
of catalysts, electron donors and acceptors in the process, and to 
develop a more economical membrane electrode. 



II. MATERIALS & METHODS

• .01L test tube reactors, .25L plastic reactors, and 1 L glass vial reactors 
were constructed.

• Voltage was measured by an Omega Engineering “Nomad” data logger, 
and checked manually with a voltmeter.

• A 1000 Wohm resistor was used in all experiments, with the exception of a 
473 ohm resistor was used in experiment presented in Fig. 3

0.25L and 1L Reactors

• Nafion-117 membrane w/ 20% Pt catalyst (E-TEK Division, Somerset, NJ) 
was cut to 4.7 cm dia. for 0.25L plastic reactors, 11 cm dia for 1L glass vial. 

• 18 gauge copper wires were soldered to 0.5 cm2 copper plates or attached 
to aluminum foil and glued to anode and cathode sides of ETEK membrane 
for .25L and 1 L reactors.

• Pure culture systems were inoculated in .25L reactors using 1% E. coli
(K12) inoculum in Tryptic Soy Broth (TSB).



0.01 L Reactors

• Nafion-117 membrane was synthesized 
from solution to a 1.75 cm dia. for .01L 
glass test tubes 

• The fuel cells were either modified with 
Titanium (IV) Dioxide [Ti(IV)O2] as catalyst 
or without it; as well as inoculated with 
Escherichia coli K-12 (strain NMSU-25). 

• A carbon wire was fixed to the Nafion
membrane (anode) and attaching it to a 
1000 Wresistor which was connected to a 
carbon cloth cathode. 

• A 0.85% NaCl (Saline solution)

II. MATERIALS & METHODS (cont.)
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On left: 1 L Glass reactors with an air cathode with 
800g dairy manure in anode vessel producing 361 
mV. 

On right: 0.25 L Air cathode plastic reactors used for 
the inoculation experiments using 1% E. coli (K12) 
inoculum in TSB broth (250mL capacity)



E. coli (K12) TSB inoculum plate for1% E. coli (K12)inoculation 



III. Results

0.25 L Reactors - Whole vs. Screened Manure



Screened vs. Whole Manure?





Four 0.01 L reactors were filled with either 9.9mL of 0.85% NaCl (Saline solution) or Tryptic Soy Broth 
(TSB).



A 10-2  dilution of 1mL manure liquid was plated on 
nutrient agar and incubated at 37°C for 24 hours

III. Results
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Figure 1  The 1-L glass reactor was loaded with  880 g of dairy manure, and the smaller 250 mL system was 
loaded with 270 g of manure.

The power densities were 26.5 mW / m2 of electrode membrane for the 1L system and 47.3mW / m2 

membrane for 0.25 L system. 



0.25L Reactor. E. coli - inoculated vs. Non-Inocula ted 
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Figure 2  Sterile TSB with and without a 1% E. coli (K12)inoculum was monitored for bioelectricity 
production in the 0.25L plastic reactors. 

The 0.4 Volt production calculates to 206 mW / m2 power density.



Figure 3   The 0.25L plastic reactors were loaded with 75 g of rinsed and screened manure, and another 
0.25L reactor was loaded with 199 g of whole manure.  Power density: 116 mW / m2.

Considering that both catalyst (for example, ca. 3x106 fecal coliforms / g manure) and substrate (> 15,000 
ppm COD)  for bioelectricity production originate from the manure, it makes sense that voltage production 
initiated first in the whole manure system before the washed solids system.  (At day 47, for the washed and 
whole manure, COD = 1210 and 2270 mg/L , respectively.)
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Figure 4. 0.01 L Reactor demonstrating 
presence of E. coli in a non-catalyzed system

Figure 5. 0.01 L Reactor demonstrating the 
effects of  E. coli in a catalyzed system. 
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Figure 6. 0.01 L reactor comparing a Nafion (non-catalyzed) versus Titanium 
(IV) Dioxide (catalyzed) system in presence of E. coli. 



V=IR

V= .160mA x 1000 ohms = 160 mV

I= .160mA/1000mA/Amps = .00016 Amps

Power = IV = .00016 A x 160 mV = .0256 mW

Power Density= Power/Area 

= .0256mW/ � r2  (3.14159 x (.875 cm)2 x 104 cm2 / m2 = 106.4 mW / m 2



•Dairy manure, which harbors both catalysts and substrates  
for electricity production,  produced similar power densities as
E. coli catalyst using tryptic soy broth (TSB) as substrate. 
However, manure bioelectricity production may lag initially. 

•MFCs using an isolated strain of bacteria have been shown to 
have a greater power density than systems using a composition 
of various organisms (Ringeisen 2006)

•Shorter diffusion lengths in miniaturized system (Ringeisen 
2006). 

IV. Discussion



SEM micrographs demonstrating pilli or nanowires of E. 
coli cells adhered on a 30 wt % PANI/TiO2 electrode 
surface Power Density-1495 mW/m 2 (Qiao et al., 2008)



•Electricity and power is generated more efficiently. 

•Stacked cells or parallel cells would be needed to enhance the energy.

•The results show that inoculated systems in catalyzed or non-catalyzed 
system produce an electrical current approximately 3 times higher than 
their non-inoculated counterparts. 

•It is also observed that the presence of catalyst resulted in an electrical 
current 1.5 times higher than the non-catalyzed system.

•We are currently characterizing the factors which control manure
bioelectricity production and developing  more cost-efficient electrode 
membranes.

IV. Discussion (cont.)



• Microbial Fuel Cell Research is aligned with the 
Exploration Systems Mission Directorate 
(ESMD). 

• NASA, along with many other organizations, can 
fully explore chemical energy and ways to make 
space exploration more efficient and less costly.

• The ESMD also tries to come up with ways to 
decrease health and safety risks.

• Microbial Fuel Cell research is also supportive to 
the Science Mission Directorate, to expand our 
knowledge of the Carbon Carbon and 
Ecosystems of the Earth.
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