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Bio-
batteries
Joseph Lloyd looks at whether 
we could create batteries from 
paper, polymers and bacteria

How many devices do we use that are powered by 
batteries? Phones, laptops and tablets probably 
spring to mind, whereas wireless sensor 

networks (WSNs) probably do not. Yet these networks 
are constantly working to provide the world with data 
and information that are essential to our modern 
day-to-day living. Used to monitor environmental, 
security, industrial and health fields, WSNs are like 
the nerves that feed back to the brain of the world. 
Fifty billion sensors are expected to be deployed over 
the next 5 years to drive our transition into a smarter, 
more informed future.

Now think about how many batteries you have 
thrown away. The USA generated 11.7 million tonnes 
of electronic waste in 2014, with only 20% being 
recycled. The disposal of the rest will inevitably have 
produced hazardous gases and toxic compounds that 
pollute our environment and damage our health. 
With this in mind, a high-performance, cost-effective 
and environmentally friendly alternative to current 
batteries is required: something that may have been 
found in the form of hybrid paper-polymer microbial 
fuel cells.

Paper solution
While paper may not seem like a high-tech solution to 
the problem, it possesses numerous useful properties. 
It provides a microporous, hydrophilic network of 
cellulose fibres that may be stacked or folded, while 

permitting rapid adsorption of bacterial cells onto 
a large surface area. Incorporation of Shewanella 
oneidensis (bacteria capable of transferring electrons 
produced by metabolic processes outside of their own 
membranes) creates the basis of a microbial fuel cell. 
This particular species are also thought to be capable 
of absorbing and reducing toxic metals from their 
environment, such as lead and nickel.

Coating the paper in various compounds imparts 
the range of functions necessary to transform 
this simple arrangement into a functional battery 
(Figure 1). Researchers have been careful to ensure 
these materials remain low-cost and biodegradable. 
Poly(amic acid) (PAA – a polymer containing aromatic 
rings, amide groups and carboxylic acid groups) was 
combined with glutaraldehyde (GA, pentanedial) and 
sulfanilic acid (SA, 4-aminobenzenesulfonic acid) 
to minimise oxygen invasion. Oxygen at the anode, 
where electron transfer reactions occur, would divert 
electrons and reduce power output.
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These biodegradable paper-based batteries can 
generate enough power to keep a calculator 
running for 30 minutes
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Question
Shewanella oneidensis has the ability to absorb and 
reduce metals such as lead, uranium or even silver. 
Suggest other potential applications where this 
would be useful.

Check your answers at www.hoddereducation.
co.uk/chemistryreviewextras

Proton exchange membranes
Poly(pyromellitic dianhydride-p-phenylenediamine) 
(PPDD) as well as PAA are both candidates for 
proton exchange membranes (PEMs), due to their ion 
transportation abilities, hydrophobicity and electrical 
resistance. These properties ensure that the anode and 
cathode regions are separated, while still allowing ion 
exchange to ensure fuel cell electroneutrality. Protons 
produced during the bacterial electron-transfer 
reactions must therefore move towards the cathode 
through the PEM, which PPDD permits.

The polymer coatings also accelerate the decompo-
sition of the battery in conditions where there are 
no nutrients available. Immersion in water prompts 
biodegradation of the entire device, including any 
metal components. Toxic materials such as nickel 
would normally degrade over months or even years. 

Figure 1 A two-layer disposable battery. The air cathode is formed from a fine layer of nickel and the 
anode is graphite ink (i.e. carbon)

However, when aided by bacteria, the bioremediation 
process takes only 14 days. Complete degradation of 
the entire device occurs over a period of 10 weeks.

This new breed of paper-based bio-batteries 
therefore represents an exciting frontier for the 
technology. The lightweight and flexible polymer 
structure is easily constructed with little cost, a key 
factor for batch production and therefore widespread 
distribution. The product is then able to sustain 
reasonable power output over a prolonged period 
before being easily and safely disposed of. It is not 
difficult to imagine this form of battery powering 
similar, paper-based electronic devices or disposable 
diagnostic devices in even the most remote corners of 
the world.
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