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A three-dimensional paper-based microbial fuel cell 
operating under continuous fl ow condition

June 21, 2016 — A team of researchers from the Iowa State University in Ames, IA has demonstrated a proof-of-concept 
three-dimensional paper-based microbial fuel cell (MFC) that could take advantage of capillary action to guide the liquids 
through the MFC system and to eliminate the need for external power. Th eir report appears in the forthcoming issue of 
the journal TECHNOLOGY.

A 3D paper-based MFC system is developed to produce current. Th e device allows fl ow of the streams of Shewanella 
Oneidensis MR-1 (yellow) and the Potassium Ferricyanide (white) into the chambers. Proton exchange membrane 
is placed between the two chambers to separate the two liquids as well as allow the positively charged ions released 
in the biocatalytic breakdown of the anolyte to fl ow from the anode to the cathode.

Th e paper-based MFC runs for fi ve days and shows the production of current as a result of biofi lm formation on anode. 
Th e system produces 1.3 μW of power and 52.25 μA of current yielding a power density of approximately 25 W/m3 for this 
experiment. Th ese results show that the paper-based microbial fuel cells can create power in an environmentally friendly 
mode without the use of any outside power. “All power created in this device is useable because no electricity is needed to 
run the fl uids through the device. Th is is crucial in the advancement of these devices and the expansion of their applica-
tions.” says Nastaran Hashemi, PhD, Assistant Professor of Mechanical Engineering and the senior author of the paper. 

Th e biofi lm formation on the carbon cloth during the test provides further evidence that the current measured was the 
result of the bio-chemical reaction taking place. Th is is important because the biofi lm plays a vital role in current production 
of a microbial fuel cell. Increased biofi lm size and thickness ultimately leads to increased current production. Individual 
bacterial cells metabolize electron-rich substances in a complex process involving many enzyme-catalyzed reactions. 



About TECHNOLOGY
Fashioned as a high-impact, high-visibility, top-echelon publication, this new ground-breaking journal — 
 TECHNOLOGY — will feature the development of cutting-edge new technologies in a broad array of emerging fi elds 
of science and engineering. Th e content will have an applied science and technological slant with a focus on both 
innovation and application to daily lives. It will cover diverse disciplines such as health and life science, energy and 
environment, advanced materials, technology-based manufacturing, information science and technology, and marine 
and transportations technologies.

About World Scientifi c Publishing Co.
World Scientifi c Publishing is a leading independent publisher of books and journals for the scholarly, research and 
professional communities. Th e company publishes about 600 books annually and about 130 journals in various 
fi elds. World Scientifi c collaborates with prestigious organisations like the Nobel Foundation, US National Acad-
emies Press, as well as its subsidiary, the Imperial College Press, amongst others, to bring high quality academic and 
professional content to researchers and academics worldwide. To fi nd out more about World Scientifi c, please visit
www.worldscientifi c.com.

Th e electrons are then free to travel to the anode through one of many modes of electron transport. Electron transport is 
very complicated, and evidence suggests that it is unique to each type of bacteria. For Shewanella Oneidensis MR-1, the 
most predominantly known ways of shuttling electrons from the individual bacteria cells to the anode are through direct 
contact, excreted soluble redox molecules, and biological nanowires. Of these, it is widely believed that excreted soluble 
redox molecules serving as extracellular electron shuttles makes up for as much as 70% of electron transfer mechanisms 
from individual bacterial cells to the electrode. Moreover, it is shown that direct contact between individual S. Oneidensis 
MR-1 and the electrode has little impact on the current generation, supporting a mediated electron transfer mechanism. 
Biofi lm helps with the adsorption of the redox molecules to the electrode, which makes it important to have in high power 
density microbial fuel cells. Th ere are not many studies on power production from paper-based microbial fuel cells running 
for few days. Without enough time for biofi lm to form, the reported current and power data would predominantly be 
associated with extracellular electron transfer, which represents does not fully represent electrical producing capabilities of 
microbial fuel cells. Th is device for the fi rst time demonstrates the longer duration of use and ability to operate individually, 
a development that could help increase the number of situations where microbial fuel cells can be applied. 

Th e Iowa State University team is currently exploring options to better control the voltage output and create constant 
current. Controlled environment tests will aid in the regulation of the systems output and yield more stable results. For 
optimal usability and decrease in cost, the team would also like to explore a device that would not need to use Nafi on and 
Potassium Ferricyanide in its application.

Additional co-authors of the paper are Niloofar Hashemi, Joshua Lackore, Farrokh Sharifi , Payton Goodrich, and 
Megan Winchell.

Th is work was partially funded by Iowa State University and the William March Scholar fund. We would like to thank 
Ashley Christopherson, Peter Meis, and Luke Wagner for their assistance with this project.

Corresponding author for this study in TECHNOLOGY is Nastaran Hashemi, nastaran@iastate.edu.
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