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1. Introduction 

The basic problems associated with the present 
electro chemical batteries are :(i) Limited Life Time 
Primary batteries irreversibly transform chemical 
energy to electrical energy. Secondary batteries can 
be recharged. But, Rechargeable batteries are still 
costlier than Primary Batteries in the markets. 
(ii)Leakage: If leakage occurs, either spontaneously or 
through accident, the chemical release may be 
dangerous.(iii0Environmental Concern: The maximum 
use of batteries has created many environmental 
concerns, such as toxic metal pollution. Metals such 
as Cadmium, Mercury, Lead, Lithium and Zinc are the 
highly toxic metals. Batteries may be harmful or fatal 
if swallowed.  The small button or disk batteries can 
be swallowed by young children. In the digestive 
tract the battery’s electrical discharge can burn the 
tissues and can lead to death. Microbial fuel 
cell(MFC) ,this is an emerging technology  in the field 

of research, in which electrons derived from the 
metabolism of biodegradable organic matter are 
converted to electricity. MFC is comprised of an 
anode chamber and cathode chamber separately by 
a proton exchange membrane. Many paper-based 
biological fuel cells have been successfully developed 
for various applications, such as a urine-activated 
battery for biosytems and a sweat based epidermal 
biofuel cell for wearable physiological monitoring. 
The paper based microbial fuel cells have attracted a 
great attention as an instant, disposable and 
accessible power source in resource limited 
environments. MFC devices are fabricated on solid 
state substrates like glass, plastics or silicon wafers. 
Here for the first time developed a flexible paper 
based MFC with low production cost. This in 
expensive and highly portable MFC is expected to be 
used as a power source for single use devices in a 
resource limited country. 
 

Abstract 

A paper-Fuel cell (battery) is a flexible, ultra thin energy storage  and production device formed by 
combining carbon nanotubes with a conventional sheet of cellulose based paper. A paper battery can 
function both as a high energy battery and super capacitor, combining two discrete components that 
are separate in traditional electronics. This combination allows the battery to provide both long -term 
steady power production as well as bursts energy. Being Biodegradable , light weight and non toxic, 
flexible paper batteries have potential adoptability to power the next generation of electronics, medical 
devices and hybrid vehicle, allowing for radial new designs and medical technologies. They produce 
high power and current densities. The device features (i) a simple and versatile fabrication technique 
using paper as a substrate (ii) an exceptional performance by incorporating novel nanostructure 
polymers and the paper substrate . Each device are integrated by four functional compartments, they 
are anode, reservoir, proton exchange, membrane and air cathode. Among the four MFC devices with 
different number of layers, two layer paper based MFC generated the highest current density 47µA/cm 
2  and power density of 4µW/cm2, both of which are substantially greater than achieved by other paper 
based MFC’s. This paper based MFC has the advantage of ease of use, low production cost and high 
portability. The paper is aimed at understanding and analyzing the properties and characteristics of 
paper batteries to study its  advantages, potential applications, limitations and disadvantages. This 
paper also aims at highlights of construction and various methods of production of paper battery and 
look for alternative means of mass production. 
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2. BASICS OF PAPER BATTERY 

 
 

Fig 1 Paper Battery 
2.1 Definition 
 
A paper battery is a flexible, ultra thin energy storage 
and production device formed by combining carbon 
nanotubes with a conventional sheet of 
cellulose/microbial  based paper. This battery acts as 
both a high energy and super capacitor, combining 
two discrete components that are separate in 
traditional electronics. 
Paper Battery =  
Paper (cellulose)+Carbon Nanotubes 
Cellulose is a complex organic substance found in 
paper and pulp, cannot be digested by humans. A 
carbon nanotubes (CNT) is a very tiny cylinder 
formed from a single sheet of carbon atoms rolled 
into a tiny cylinder. These are stronger than steel and 
more conducting than the best semiconductors. They 
can be Single-Walled or Multi-walled. 

Fig 2 carbon nanotubes 
 

      
Fig 3 Types of CNTs 

 
2.2 Properties of Paper Batteries: 
 
The properties of Paper Batteries are: 
Properties of Cellulose: 

 Biodegradable and Biocompatible 

 Non-Toxic 
 Highly tensile strength 
 Low shear strength 
 Excellent porosity and absorption capacity 
 Easily reusable and recyclable 

 
Properties of Carbon Nanotubes: 

 Low Mass density & High Packing Density 
 Very light and flexible and good conductivity 
 High tensile strength 
 Low resistance(-33 ohm per sq. inch) 
 Output open circuit voltage(O.C.V) 1.5-2.5v 
 The OCV of paper batteries directly 

proportional to CNT concentration 
 Thickness typically about 0.5-0.7mm 
 No safety limitations for shipment, packing 

storage and disposal 
 No over heating in case of abuse or 

mechanical damage. 
 

2.3  Why to use paper Battery ? 
 

 Ultra thin size and flexible structure 
 Exhibits capacity of super capacitors 
 Operating Temperature -75 to 100 degree 
 Provide long term, steady power production 

And burst of energy. 
 Cost effective 

 
2.3.1 Supercapacitors 
 

 
                            Fig 4 Supercapacitors 

 High capacity capacitor, these are made up 
of carbon electrodes  

 Carbon electrodes – Nanotube Technology  
 Million’s of Charge and discharge cycles 
 Environmental Friendly 
 Charging and discharging rates are very high  
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3.  Construction of Paper Battery 
 

 CNT thin films were coated onto stainless 
steel (SS) substrates with a solution based 
process. 

 The concentration of CNT is 1.7 mg/mL.  
 A dried film with a thickness of 2 micrometer 

was formed after drying the CNT ink on the 
SS substrate at 80 °C for 5 min.This film is 
then peeled off from substrate. 

 These films act as electrodes of paper 
battery. 

 one film is pasted to electrolyte LTO 
(Li4Ti5O12) and the other  film is pasted to 
electrolyte LCO (LiCoO2). 

 Paper is sandwiched between two 
electrolytes LTO and LCO with PVDF(poly 
vinylidene fluoride) acting as glue. 

 

 
Fig 5 LTO/ CNT 

 

 
 

 Fig 6 Microscopic View of the Layers 
 

Structure of Paper Battery 
 

 
 

Fig 6 Structure of Paper Battery 
 
4. Working of Paper Battery 
 

 While a conventional battery contains a 
number of separate components, the paper 
battery integrates all of the battery 
components in a single structure, making it 
more energy efficient.  

 Traditional Batteries produce electrons 
through a chemical reaction between 
electrolyte and metal. 

 Paper battery produces electrons due to the 
interaction of electrolytes LTO & LCO.  

 Electrons collect on the negative terminal of 
the battery and flow along a connected wire 
to the positive terminal during discharging. 

 Electrons must flow from the negative to the 
positive terminal for the chemical reaction to 
continue.  

 
5. Limitations of Li-ion Battery 
 

 Requires protection circuit to maintain 
voltage and current within safe limits. 

 Subject to aging, even if not in use - storage 
in a cool place at 40% charge reduces the 
aging effect. 

 Transportation restrictions - shipment of 
larger quantities may be subject to 
regulatory control. This restriction does not 
apply to personal carry-on batteries. 

 Expensive to manufacture - about 40 percent 
higher in cost than nickel-cadmium. 

 Class 9 miscellaneous hazardous material 
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6. Advantages over existing batteries: 
 

 Very light weight and flexible 
 Biodegradable and non toxic 
 Biocompatible: They are not easily rejected 

by our body’s immune system if implanted 
into human body. 

 Easily reusable and recyclable 
 Durable: It has shelf life of three years 
 Rechargeable: It can be recharged upto 300   

Times using almost all electrolytes, including 
bio-salts such as sweat, urine and blood. 

 No Leakage and overheating 
 Easily Moldable into desired shapes and 

sizes 
 Customizable output voltage 

 By varying CNT concentration 
 By stacking ang slicing 

 
7. Recent Advancements 
 
An exceptional performance by incorporating novel 
nanostructures polymers such as: 
 

 PAA-Poly amic acid. 
 PPDD-Poly (pyromellitic dianhydride-p-

phenylene diamine). 
 

 
 
Fig 7 (a) ~ (d) schematic diagram of a cross section 
of the one to four-layer MFC devices and the 
photograph of the layers 
 

8. Applications 
 

 Smart cards and tags 
 Enhanced Printed Circuit Board(PCB) 
 Electronic games and entertainment devices  

 Medical Sciences: in Pacemakers for the 
heart, in Artificial tissues (using Carbon 
nanotubes)in Cosmetics, Drug-delivery 
systems, in Biosensors, such as Glucose 
meters, Sugar meters, etc. 

 Automobiles and Aircrafts: 
• In Hybrid Car batteries 
• In Long Air Flights reducing Refueling 
• For Light weight guided missiles 
• For powering electronic devices in Satellite 
programs 
 

8. Limitations & Disadvantages 
 
It would not be logical only to ponder over the 
miraculous properties and applications of Paper 
Batteries .Things need to be discussed at the flip side 
as well.  
 
Following are some of them: 

 Have Low Shear strength: They can be torn 
easily. 

 The Techniques and the Set-ups used in the 
production of Carbon Nanotubes are very 
Expensive and very less Efficient. These are: 

 Arc discharge 
 Chemical Vapor Deposition (CVD) 
 Laser Ablation 
 Electrolysis 

 When inhaled, their interaction with the 
Microphages present in the lungs is similar 
to that with Asbestos fibers, hence may be 
seriously hazardous to human health. 

 
9. Results and conclusion 
 
One of the m bugging major problems bugging the 
world now is Energy crisis. Every nation needs energy 
and everyone needs power. Standing at appoint in 
the present where there can’t be a day without 
power, Paper batteries can provide an altogether 
path-breaking solution. Being Biodegradable, Light-
weight and Non-toxic, flexible paper batteries have 
potential adaptability to power the next generation 
of electronics, medical devices and hybrid vehicles, 
allowing for radical new designs and medical 
technologies. 
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