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Abstract
In today’s world Electricity is considered as ateigral utility. We can never ever think of our Bweithout machines. Thus electricity
plays a vital role in functioning of the societyn®of the portable and convenient sources of tlastrécal energy is a Battery.
Battery is the basic yet most powerful part of deyice. Thus biobattery is an energy storing device that is powdrgdrganic
compounds. Bio-Battery generates electricity fremewable fuels providing a sustained, on-demanthpla power sourceBy using
enzymes to break down organic compounds, bio-hestefirectly receive energy from theBio-batteries are alternative energy
devices based on bio-electro catalysis of naturdistrates by enzymes or microorganisms. This papegs out an alternative
solution to the conventional batteries which is paty a boon to the environment by being eco filierdit also it is an end to
worries about non renewable and vanishing souofemergy.

Keywords. Bio Fuel Cell (BFC), Electronic Charge Transfer (EC Carbon Nano Tube (CNT), Glucose Oxidase (GOX),
Department of Defense (DOD).
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1. INTRODUCTION Bio Battery can be called as energy accumulatedtdehat is

A bio-battery is an energy storing device that ésvpred by
organic compounds. Bio-Battery generates elegtrifibm
renewable fuels (glucose, sucrose, fructose, etmyiging a
sustained, on-demand portable power sowdeen enzymes
in our bodies break down glucose, several electrand
protons are released. Therefore, by using enzymdsdak
down glucose, bio-batteries directly receive enefgym
glucose. These batteries then store this energyafer use.
This concept is almost identical to how both plaartsl many
animals obtain energyio battery use biocatalyst, either bio-
molecules such as enzymes or even whole livingrisgato
catalyze oxidation of bio mass-based materialgyéorerating
electrical energy. [1]

Fig-1: A Bio Battery

motorized by organic compounds, usually being ghecdike
glucose in human blood. Many electrons and protare
released due to break down of glucose by enzymesept in
our body. Thus, bio batteries directly get enemgyrf glucose

by using enzymes present in a human body break down

glucose. An interesting fact is that bacteria camegate
electricity when a protein in their cell membrangsts in
touch with a mineral surface. Shewanella oneideissisarine
bacteria that can develop electric currents wheadt heavy
metals like iron and manganese. These proteingreasmit
electrons transversely a membrane at a rate fastaigh so
that the energy produced is sufficient so that drgctcan
survive. Functioning of these bacteria will helpestists in
making those bio batteries that could store en&ggensors
in remote environment.

Human blood and sugar glucose are considered as mos

priceless sources of power because they happenatgtare

easy to get and no harmful emissions are reproduasather
interesting battery uses human urine as its fued Jize of the
device is like a credit card size and might forra Hource of
economical, disposable disease testing kits. Whakesn it
more useful is that the battery and devices fotirtgsis

incorporated in one disposable chip [2]

1.1 Necessity

There are several reasons to research alternatdlesburces.
For one, it may lead to an alternative solution dor
dependence on oil and other types of energy sotine¢farm
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the environment. Also, from a medical point of vijew
developing small batteries that can be powered yirman
body my prove revolutionary for many reasons: lnealt
complications/cost/availability. Carbohydrates (gise) are
broken down to release energy and generate elggctrictis
bio battery, which is based on mechanisms usedving|
organism, is not only friendly to the environment blso has
great potential for use as an energy source.

Unlike fossil fuels, carbohydrates (glucose) andona neutral
and do not contribute to increases in carbon dmxithe
important constraints like energy density, sizegligi instant
recharge, flexible shape, renewable biocatalystsomr
temperature operation, and readily available fuelrese
created the necessity of batteries which can bewable and
a continuous source of energy. The invention of l@tteries
contribute in goodwill of the environment but elmating the
shortfalls offered by traditional batteries made afpmetal
plates.
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Fig-2: Carbon cycle

Plants create both carbohydrates and oxygen by
photosynthesis from carbon dioxide and water. Aisntake

up those carbohydrates and oxygen and utilize thsnan
energy source and release carbon dioxide and widten this
cycle starts again. Since the carbon dioxide igadled in this
system, the amount of carbon dioxide in the atmesplkloes
not increase. If electrical energy could be dise@tquired
from this cycle, we could obtain more environmdsgtal
friendly energy than that from fossil fuels. Furthere,

renewable energy sources such as glucose (whptesent in
plants and therefore abundantly available) havexremely
high energy density. Batteries containing heavyafsgbose a
danger to both the environment and human healtlo. Bi
batteries that have been developed in recent yesed to be
placed in separate compartments for waste separdiat in
the near future, it may be possible to completelyich metals

in our batteries.[3]

1.2 Theme

Bio battery, which is based on Energy for activityat is the
ATP and thermal energy commonly used in the living
organism, can be obtained from the exchange oélidetrons
and protons through these two enzymatic reactidostake
advantage of this living organism mechanism, thergy for
activity from inside the organism must be removatsle the
organism as electrical energy. That is, when teetens and
protons move from enzyme to enzyme, it iS necessary
extract just the electrons and divert them throagbeparate
path. Thus Sony used an electron transport medgtahat
electrons could be exchanged smoothly betweennbhgmees
and the electrodes that are the entrance andoettiit detour.
The principles of the bio battery are based on ¢hergy
conversion mechanism in living organisms.

However, in order to create the bio battery, sdvera
technologies needed to be developed. These include
immobilization of enzymes that are normally incotipe
with carbon and metal electrodes, electrode strastuand
electrolytes. Mechanisms used in living organis@aug not
only friendly to the environment but is also likely be of
practical use as an energy source. This prototypebattery
has achieved the world’s highest power output ofry0*2.

Fig-3: Stacked Bio Battery

There are two types of Bio batteries Passive systgra &
Active type system. In passive type system reailestances
are absorbed in to the electrodes through a prafesatural
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diffusion. In active type system the reactive sabse are
introduced by force by technique as string, corigectBio-
batteries work similarly to the metabolic proces®sur bodies,
or more specifically the metabolic processes ininamts and
termites that have the ability to digest cellulog&mzymes
break down cellulose into glucose, a central ensyrce in
both animal and plant metabolism and a clean ensogyce
while bio-battery is more environmentally friendly recycle
than metal-based batteries as it creates its owrggrirom the
cellulose found in cardboard and paper.

2. LITERATURE SURVEY
2.1 Introduction

Electricity, as we already know, is the flow of alens
through a conductive path like a wire. This patlcadled a
circuit. Batteries have three parts, an anodea(gathode (+),
and the electrolyte. The cathode and anode (thitiy@mosnd
negative sides at either end of a traditional Ipgttere hooked
up to an electrical circuit.

Fig -4: Traditional Battery Principle

The chemical reactions in the battery cause a bpildf
electrons at the anode. This results in an eledtdifference
between the anode and the cathode. You can thinthisf
difference as an unstable build-up of the electrofise
electrons want to rearrange themselves to get fidhis
difference. But they do this in a certain way. Hlewgs repel
each other and try to go to a place with fewertebes.

In a battery, the only place to go is to the caéhdBut, the
electrolyte keeps the electrons from going straigbin the
anode to the cathode within the battery. When thzuit is
closed (a wire connects the cathode and the antue)

electrons will be able to get to the cathode. la ficture
above, the electrons go through the wire, lightihg light
bulb along the way. This is one way of describingwh
electrical potential causes electrons to flow tigiothe circuit.

(6]

However, these electrochemical processes change
chemicals in anode and cathode to make them s{opyéng

electrons. So there is a limited amount of poweilable in a
battery. When we recharge a battery, you changditbetion

of the flow of electrons using another power sousteh as
solar panels. The electrochemical processes happenerse,
and the anode and cathode are restored to theginakistate
and can again provide full power.

2.2 Higtory

As an electrical signal can induce a biologicalctiem; the
reverse in is also true in most of the cases anthigrway
biological processes can be used to generate ielgctior

powering electrical equipment. Even though the fBigl cells

have been known for almost a century since therfiisrobial

BFC(Bio fuel cells) was demonstrated in 1912 thestfi
enzyme-based bio-fuel cell was reported only in4186ing

glucose oxidize (GOx) as the anodic catalyst antafe as
the bio-fuel.

2.2.1 Thefirst Bio Battery:

The Bio Battery, based on the work of ProfessorjKi€ano
(Kyoto University), is a type of battery that usemergy
sources such as carbohydrates, amino acids andheaZyom
a variety of sources. anode consists of sugar-tliges
enzymes and mediator, and the cathode composes/gémn-
reducing enzymes and mediator. The mediators incthée are
Vitamin K3 for the anode and potassium ferricyanfdethe
cathode. When sugar is added to the mixture, thedean
garners the electrons and hydrogen ions. When #teerig
generates power, the protons travel to the cattudeigh the
electrolyte to combine with the oxygen to producatex.

Since the biocatalysts (enzymes) are very selective

catalytically, the miniaturized bio-fuel cell couid principle
be fabricated as a membrane-less fuel cell.

2.2.2TheMicro Fluidic BFC:

Lim and Pal more at the Brown University have répdra
micro fluidic BFC with many channels connected argllel
In this configuration, the design allows streamsfudl and
oxidant to flow in parallel within a micro channelithout
using a membrane as a separator and showing a plensity
>25 uW/sqcm. Several potential applications of BHG@se
been reported or proposed in the literature forlamiable
devices, remote sensing and communication devices a
sustainable and renewable power source. Howevere thre
no BFC design formats or templates that allow fbe t
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production of a working device with a size on thidey of 1
cc, which are needed for several “real world” aggtiions.

2.2.3 Enzyme Based Bio Battery:

Enzyme based BFC is very attractive, however it besn
shown that electron flow is too slow to make a lédhel cell.
This is due to the difficulty for enzymes to attailirect
electrical contact with the electrodes of the egld catalyze
reactions effectively.

The principles of the bio battery are based on é¢hergy
conversion mechanism in living organisms. Howeireqrder
to create the bio battery, several technologieslerdo be
developed. These include immobilization of enzyried are
normally incompatible with carbon and metal eledés,
electrode structures, and electrolytes. Mechanisised in
living organisms, are not only friendly to the emviment but
is also likely to be of practical use as an enexgyrce. Sony
has focused on these advantages since 2001 anéVasped
an electrical power generation device that usesharmésms
similar to those in living organisms.

2.2.4 Bio battery using Human Blood

In 2003, Japanese researchers at Panasonic's Namaitegy
Research Laboratory announced that they were wgrkim
extracting power from blood glucose. At the timeeyt were
using enzymes -- a frequent component of bio-battatue to
their catalytic properties -- to retrieve electrdrem glucose.
Two years later, a different Japanese research, tdhasnone
from Tohoku University, announced that they hadceeded
in creating a small "biological fuel cell." Theielt could be
used to power small medical devices, such as atairhpo
measure blood sugar levels in diabetics. Futursimes of
such technology could, like RPI's nanocompositeepape
used to power an artificial heart with the bloodttlilows
through and around it.

2.2.5 Bio battery using Human Urine

In August 2005, scientists in Singapore developeduhitery
that uses human urine as its fuel. Despite itsrpiatiéy off-
putting power source, the battery has a wide wvaret
applications. The researchers said that their dewas the
size of a credit card and could form the basisnekpensive,
disposable disease-testing kits. (Urine is alrassbd to detect
drugs and some diseases.) What makes the deviteufaty
useful is that it integrated the battery and tegstilevice into
one disposable chip. Imagine a one-time use hostgekit
for diseases like cancer or hepatitis. One of #mearchers
involved in the project said that the battery coaldo be
adapted to provide a brief charge to other ele@rdavices. A
lost hiker might use one to power a cell phone doshort
emergency call.[4]

2.2.6 Bio Battery using Car bohydrates

Sony Corporation (Japan) has developed a bio-lattgh a
peak power output of 50 mW, which could power atgdue
MP3 player. On August 23, 2007 Sony announced the
development of a bio battery that generates ebitgtrfrom
carbohydrates (sugar) utilizing enzymes as its lystta
through the application of power generation prifespfound

in living organisms.

Fig-5: An Mp3 powered by a Bio battery

2.2.7 Recent Bio Batteries using Blood and Sweat:

“ Its flexible , it can be shaped or folded , & gqawke a hole in
it & it still works ” says chemist ROBERT LINHARDT a
member of research team that developed the nevbditery
made from paper & carbon nano tubes working at
RENSSELAR POLYTECHNIC INSTITUTE IN NEWYORK,
easily implanted directly under the skin unlike atdtatteries.

2.2.8 TheLatest Bio Battery using Virus.

Scientists engineered a virus at the “MIT” that Idoform a
battery 3 times more powerful than those found aalgpts
today. PROBLEM: virus can mutate & can spread by 0
when these batteries run our laptop we really havevatch
which virus to remove.

2.2.9 Bio Battery using Bacteria:

Bielefeld iIGEM team is to develop an environmemtall
friendly bio-battery (Microbial fuel cell -- MFC)which
directly transforms bacteria into energy. Battermgh as
these work in the same way as conventional basteligt with
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one difference. The MFC consists of two separafits,uthe
anode and the cathode components, just like therlest now
in current household use. A partly permeable menwra
separates the two areas. In contrast to convehtimatiteries,
however, there are bacteria in the anode arezedfititbattery
instead of electrolytes. These break down substratethis
case glucose, in a metabolic process. This prodeleesrons
that after starting from the anode are finally deded in an
external loop to the cathode. The external circuithen the
one with the battery-powered application, for ex@mior
lights or small motors. In this way, bacteria camduce
electric energy. The bio-battery offers an arrapd¥antages.
Due to their simple construction they can be usedegions
where there is shortage of electricity, for exampgléch as in
developing countries. An advantage that the bitebathas
over other regenerative energy sources, such asaud wind
power is that they are not dependent on the weathahe
case of bio-batteries, the more nourishment thetebac
receive the more energy they produce. What is nioriaeory
bacteria are an inexhaustible source of energhi@srultiply
quickly when supplied with substrates.[5]

A new study reveals how bacteria produce elecjricihen
proteins in their cell membranes come into contaith a
mineral surface. Scientists have known for somee tthrat a
family of marine bacteria known as Shewanella osresis,
found in deep ocean sediments and soil, can cedattrical

currents when exposed to heavy metals like iron and

manganese

In a study published (March 25,13) in the journaddeedings
of the National Academy of Sciences, researcheosvghat
these proteins can ferry electrons across a meratata rate
fast enough to produce the energy the bacteria need
survive

Fig -6: Bacteria that produces electricity

In the laboratory, the Bielefeld students are itigasing
various bacterial organisms and their genetic corepts.
Through the combination of differing genes it isspible to
optimize the organism Escherichia coli with a vieaproduce
electricity more efficiently. The students can athg report
initial successes: they have isolated various gdrasserve to
carry the electrons and begun to construct a daitgtparatus
for the production of electricity. They would like have an
optimized bio-battery for small-scale use developgdthe
time the preliminary European round of the iGEM heen
decided. Thus on July 17, 2013 technology sights on
constructing a bio-battery making use of the baater
Escherichia coli to convert glucose into energy. [5

3. SYSTEM DEVELOPMENT
3.1 Introduction

A bio-battery generates electricity from carbohyesa(sugar)
utilizing enzymes as the catalyst, through the iappbn of
power generation principles found in living organgs The
bio-battery incorporates an anode consisting of asug
digesting enzymes and mediator, and a cathode dsingpr
oxygen-reducing enzymes and mediator, either siflea o
cellophane separator. The anode extracts electiams
hydrogen ions from the sugar (glucose) through emaic
oxidation as follows:

Glucose-»Gluconolactone+2H+ + 2e

The hydrogen ion migrates to the cathode throughd th
separator. Once at the cathode, the hydrogen ios a
electrons absorb oxygen from the air to produce

02 +4H+ +4e —»2H20

4
Catalyst g\
00=V 4
Klectrolyte

<100°C

H, + %0, HO +

Electricity + Heat

Fig-7: Principle of Fuel Cell

During this electrochemical reaction, the electropass-
through the outer circuit to generate electriditys. interesting
to note that the catalytic four-electron reductafroxygen to
water could take place at an enzyme electrode newtral
solution. Due to the selective reactivity of thewnes at each
electrode, no cross reaction occurs between theleaand
cathode. In general the Bio batteries could besilad into
many types based on fuel containment, fuel andlystta
sources, origin of the catalytic enzymes and the¢haotk of
electron transfer between reaction site and eldetr(Y]
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3.2Working

A Bio-Battery battery consists of two different ralst
suspended in an acidic solution. They contain aoden
cathode, separator and electrolyte, which are thsicb
components to any cell battery. Each componerayisred on
top of another component. Anodes and cathodes laze t
negative and positive areas on a battery. The aisoldeated
at the top of the battery and the cathode is lacate the
bottom of the battery.[Anodes are components thimwa
electrons to flow in from outside the battery, wéees cathodes
are devices that allow current to flow out from battery.

E & o
' BB

Glucose Bio Battar Carbon dioxide
CeaH120e GO

+ Enzyme +
Oxygen Water

Oz : HzGr

Fig-8: Working of a Bio Battery

Between the anode and the cathode lies the elgetrathich
contains a separator. The main function of the rsgpais to
keep the cathode and anode separated, to avoidedéshort
circuits. This system as a whole allows for a flofsprotons
(H+) and electrons (e-) which ultimately generaecticity.
The movement of protons has a moving force thathgsisthis
movement is called current. When this moving fqi@arent)
is measured, it is measured it what is called geltar volts.

Fuel: Glucose

CsH120s Glucanolactone

Ancde enzymes —\
Anode electron
mediators _\

R

Separator

Proton

- | positive ons!
(e’) o1 Hyerogen ]
(H*)

Electrons

Cathode electron
mediator —1

Cathode enzymes

Fig-9: Elements of a Bio battery

Like a conventional fuel cell battery, Bio Battebgasically
consists of an anode, cathode, electrolyte and ra&pa
However, Bio Battery has certain specific charasties.
First, biological enzymes are used as catalystsHeranode
and cathode. Second, enzymes and electronic mesliato
(which transfer electrons between enzymes, and ewmgtw
enzymes and electrodes) are fixed on the anodeathdde.

Glucose is broken down on the anode side of théetyat
producing protons (H+) and electrons (e-). The qst(H+)
are transferred to the cathode side through theratg, while
the electrons (e-) are transported to the cathatke through
the mediator, which transfers them to the exteciralit. The
cathode uses the enzymes to drive an oxygen-reaucti
reaction which ultimately produces water using bditie
protons (H+) and the electrons (e-) transferrecthftbe anode.
These reactions at the anode and cathode gendesteice
energy by creating proton (H+) and electron (eswflin the
cell system.

Bio batteries are heavily based on the amount atagle
available. The decomposition of materials to glec¢$ they
are not already in the proper stage) is the maip st getting
the cycle started. Materials can be converted gitcose
through the process ehzymatic hydrolysis Enzymatic
hydrolysis is the process in whickllulose(an insoluble
substance) is converted to glucose with the additod
enzymes. After glucose exists oxygen and otherrapsycan
act on the glucose to further produce hydrogen iand
electrons.

SUDSHHte{m oridized

ovidzed 0
# mediator

, medratnr‘

reduced
mediator T W2 HzD

cathode

Fig-10: Enzymes used to convert sugar directly into dlesdtr
energy

Volume: 02 Issue: 11 | Nov-2013, Available @ http://www.ijret.org 104




IJRET: International Journal of Research in Engineering and Technology

el SSN: 2319-1163 | pl SSN: 2321-7308

Fig-11: Enzymes extracted from microorganisms

As shown in the above figure Bio battery uses eregynio
convert sugar directly into electrical energy. Emeg are
extracted from microorganisms these enzymes are
immobilized in Carbon Nanotube based electrode.
Nanocomposite electrodes are integrated with fuell c
hardware.

Fig-12: Nanocomposite electrodes integrated with fuel cell
hardware

Electron transfer, spatial dislocation of an eleatris the
simplest of chemical processes underlying all cleami
reactions. The process of efficiently and contimifamoving
electrons around is one of the primary regulatoecih@nisms
in biology. of life depends on the constant skngtlof
electrons. Almost all chemical reactions involvansfer of
electrons and so in principle any one of them cafelieraged
for technological applications. The addition ofveil has been
shown to be an important additive for helping mi@e turns
sewage into power and to create bio-batteries.

The latest step in the quest for 'clean electridigs shown
that proteins on the surface of bacteria can predurcelectric
current by simply touching a mineral surface. Ipassible for
bacteria to lie directly on the surface of a metamineral and

transfer electrical charge through their cell mesnles. In
theory, it should be possible to 'tether' bactefiectly to
electrodes. With the process, microorganisms atach the
anode then start snatching electrons from orgammecpounds
dissolved in the waste water to produce carbonidé=and
clean water.

All microbe-based batteries and fuel cells neethaepto send
electrons, a fact that has proved to be technicdbllenging.
With some new research, scientists at Stanford éJsity
have replaced bubbling oxygen with a solid silveide that
consumes electrons, making a more reliable, reclaatg
bacterial battery. Silver possesses the highesttriglal
conductivity of any element and the highest thermal
conductivity of any metal. Silver is found in nagiform, as an
alloy with gold (electrum), and in ores containisglfur,
arsenic, antimony or chlorine.

Another advantage with silver it has a high efficg in terms
of the amount of power produced. The downside as siiver
is relatively expensive and the cost would be hgjiquld this
be reproduced on an industrial scale.

In general, the bio-fuel cells are classified basedhe type of
electron transfer; mediated electron transfer arettlelectron
transfer or electronic charge transfer (ECT). TI&ETEBof the
bio-fuel cells is critically reviewed and a varieby possible
applications is considered. The technical challsrafghe bio-
fuel cells, like bioelectrocatalysis, immobilizatio of

bioelectrocatalysts, protein denaturation etc

For the electron transfer the Carbone nano tubesuaed
which is a tube-shaped material, made of carbaming a
diameter measuring on the nanometer scale. A nameorise
one-billionth of a meter, or about one ten-thouslaraf the
thickness of a human hair. The graphite layer appea
somewhat like a rolled-up chicken wire with a contus
unbroken hexagonal mesh and carbon molecules aipisees
of the hexagons. Carbon Nanotubes have many stesctu
differing in length, thickness, and in the typehdicity and
number of layers.

Although they are formed from essentially the sagrephite
sheet, their electrical characteristics differ depeg on these
variations, acting either as metals or as semicctods. As a
group, Carbon Nanotubes typically have diametersying

from <1 nm up to 50 nm. Their lengths are typicalbveral
microns, but recent advancements have made thetulseso
much longer, and measured in centimeters

CNTs have unique electronic properties, high meicla&n
strength and chemical stability, making them ativecfor
fabricating of GOx coupled CNT based device elemdat
use in bio fuel cells. For chemically coupling t6&ITs with
biomolecules, it is critical to functionalize CNTur§aces,
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which are very inert. Several strategies have oeselop for
functionalizing CNTs for sensing via electrical,
electrochemical, and electro-optical means. Intladl cases,
however, the CNTs are functionalized wet-chemicétlya
spatially random fashion where molecular bondingésliated
by defect creation, or hydrophobic adsorption.

long
i i

Agaressive oxidalion/ Mild chemical
hydrophobic adsorplion freatments
T i "'""".“'."":“.-\.
oo S
Conventional approach Proposed approach
(b) Nanoparticle:

amino acids
or profeins

CNTs

Fig-13: Comparison of random and site-selective
functionalization of CNTs, illustrating the utilityf latter for
nanobiodevices.(a) Conventional methods resukmtom
defect creation, while ion irradiation allows cantover site
selectivity, defect types, and concentration. (bBcatic of an
example hybrid nanodevice comprised of site-selelgti
anchored nanostructures on preselected segmeatSNT
assembly (black) on a planar substrate (green,%i)gArrays
of such devices, with each array element poteptiall
containing different nanostructures, open up pdgsss for
addressing specific CNT segments, for fingerprintin
detection, analysis, and separation of biomoleatlaictures
in a single chip.

It is therefore necessary to go beyond the randbactament
paradigm to one that allows control over the |awatiof
biomolecular attachment in order to fully exploit
bioderivatized CNTs to build device architectures a chip
for multifunctional sensing .Localized creation diigh-
reactivity zones in CNTs for subsequent derivaitratvould
ensure that the overall properties of the CNTsratained or

controllably altered, and the integrity of other igch
components are not compromised or destroyed dutéavice
fabrication.[7]

3.3 Features & Specifications

The bio batteries are stacked in single or a maodil

prototype. The packaging aspects of the bio-fulté ege also
analyzed and the found that relatively little wdrks been
done in the engineering development of bio-fuellscEhe
single cell and six cell bio battery packagingssshown in the
figure below

Fig-14: Single Cell Bio battery

Fig-15: Six Cell Bio battery
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Graph 1: Performance of a single and six cell Bio battery
prototype

The single cell type bio battery prototype has werodensity
of approximately 10 mili wat per square cm at therent
density of 25 mA per square cm providing voltageabbut
800 mV. While the six cell stack has apower densify
approximately 0.25 mili watt per square cm at therent
density of 125 mA per square cm providing voltagelmut 2
volts.

Rapid progress has led to state of the art powdrcamrent
densities of 9mW/cm2 and 35mA/cm2.
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Graph 2: Progress of performance

The Bio battery has greater than six months skelat +55°C
(results from 6 test cells). Significant increaseroenzyme in
free solution (denatured at 40°C).. This storage @perating
performance is shown in the graphs below.
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Graph 3: Temperature Vs Current density of battery

Devices (3 cells) show stable current (>1.5mA/crowgr 72
hrs continuous operation with @0'min of fuel recirculation.
The current density versus operating time grapshswn in
the graph above.
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Graph 4: Performance with respect to Shelf life
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The bio battery Shows robust, repeatable, and btelia
performance and stable operation from -30°C to €58t >6
months.

The performance of a bio battery can be understbopd

analyzing it with the help of an application demnfweT

following example shows a Bio-Battery Powering
Microprocessor and LCD.

Fig-16: Microprocessor and LCD powered by bio battery

The open circuit voltage here is > 4.0V, Short-GircCurrent

is > 125mA .The load voltage is V >2.0V and cutren
approximately0.5mA while the power is 1mW .This
application needs 5mL of glucose fuel is sufficiémt >100
hrs operation Another example shows Sensor and|&¥ge
Transmitter running on a bio battery

Fig-17 Sensor and Wireless Transmitter running on a bio
battery

Temperature sensor with 2.4GHz radio attached peavely
6-cell Bio-Battery Stack Bio-Battery. It wireldggransmits
data to computer (temperature and voltage). Avemeer
draw is 5mA (peak 20mA) at 3.0V. It transmits evdisec
allows ~1.5-2hrs operation with Bio-Battery. Traritimg
every 60sec would allow ~100hrs operation.

The new Prototype of bio batteries id developedviarch
2013 .It is a 5W Prototype with 15-Cell Graphitea&t. This
prototype is as shown in the figure below

Fig-18: 15 cell stack bio battery

This 5W Prototype with 15-Cell Graphite Stack @esd and
fabricated with graphite bipolar plate configuoati. This
Stack provides 5V at 1A (5W).lt is Fitted with USBnnector
and demonstrated powering electronic devices acliarging
an iPhone.[8]

4. CONCLUSIONS
4.1 Conclusion

The Bio batteries are High performing, stable, and
reproducible enzymatic fuel cell technology develdmpver
last 5 years. The Scaled-up demonstration of BitteBa
powering electronic circuit (performed at both PoBeurces
and Army Science Confs). Fully-integrated Bio-Batte
charging prototypes are already developed. Fundemured
from multiple Department of Defense (DOD) agencies
multiple target applications over the next 3-5 gear

While many exciting announcements have been madkein
field of bio-batteries, it may be some time befame see them
replacing nickel-cadmium, lithium-ion or the sevemher
types of traditional batteries. Even so, the snfigikible, long-
lasting and environmentally friendly battery teclugies
discussed here show the great possibilities relseercsee in
bio-batteries, especially for the field of medicinkhe
technology generates electricity by turning shredgeper
into sugar which in turn is used as fuel. If broughmarket,
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the innovation could allow the public to top up thewer of
their mobile devices using waste material.

Compared to conventional batteries, such as lithartteries,
bio-batteries are less likely to retain most ofitlemergy. This
causes a problem when it comes to long term usage a
storage of energy for these batteries. Howeveearebers are
continuing to develop the battery in order to méka more
practical replacement for current batteries andrcasu of
energy.

The bio-batteries are environmentally friendly syt did not
use harmful chemicals or metals. . With that indniscientists
seem to be exploring every possible option in @tdyy and
fuel-cell technology.

They serve as a new form of energy that is provimde

environmentally friendly, as well as successful pieducing
and reserving energy. Although the batteries aite ksting

tested before being commercially sold, severalaieseteams
and engineers are working to further advance tlveldpment
of these batteries.

4.2 Advantages

A significant advantage that bio-batteries haveamparison
to other batteries is their ability to allow antast recharge.In
other words through a constant supply of sugarglocose,
bio batteries are able to continuously keep themsetharged
without an external power supply with high fuellglity like
sugar, alcohol, diesel, ethanol,blood etc

Fuel Flexibility \ 1/,

\l
Eé ‘y.
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AN JET Fijg,
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Fig-19: Different fuels used in Bio batteries

Other advantages include high energy density, s&ght,
instant recharge, flexible shape, renewable bibesta room
temperature operation, readily available fuel seutracan be
an implantable power source with flexible paper edas
prototypes. This is an Government and IR&D fundeskearch
Since 2004 . Bio batteries are also a source offlaommable,
and non-toxic fuel. This provides a clean altenatenewable
power source.[9]

4.3 Future Scope

Improved design and performance leads to 50X higher
volumetric power density over existing prototypéeTonger-
term goal in this area is to further enhance paréorce to
ultimately develop batteries suitable for notebaoknputers
and other mobile devices. While many technological
challenges still remain, Bio Battery has great po& as a
next-generation energy device. Advantages inclute i
excellent harmony with the environment as a produeted

by a carbohydrate (glucose) having high energyitierSsony
will continue to work toward the commercializatiaf this
technology in the near future, initially for usetays and other
low-power products.

Bio-batteries have a very bright future ahead efnhas test
productions and research have been increasing @aent
years. They serve as a new form of energy thatasipg to

be environmentally friendly, as well as successfid,
producing and reserving energy. Fully-integrated
demonstrations are to be executed in close cobaioor with
customer, for relevant applications.[10]

4.4 Applications

Portable
Charging
« Cell phones.
« Soldier Power

| Medical
Bio Implants

Disaster
Relief

* Generators
* Remote Power

Battery

» Pace makers
« Insulin pumps

Replacing
Batteries

= Toys
« Greeting Cards

Fig-20: Applications of Bio batteries
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Bio batteries find applications in various fieldkel Miltary
and commercial applications,Medical
Electronics.In Miltary applications it is used fd@oldier
portable power, unmanned chem/bio detection (largects),
MAVs, remote surveillance (tree-sap), etc

Fig-21. Miltary application of Bio battery

In medical field Paper bio battery could be usedptaver
medical devices like hearing aid & pacemakers Sgsd its
sugar bio battery to power music play back on a orgrype
walkman. Using a miniature bio battery enabled dst the
blood insulin level of diabetic patient.

B
==

Fig-22: Walkman powered by a Bio battery

The bio batteries can be implanted in on any livimogly for
the purpose of medical devices implantation or isgns
application etc

field,Consumer

Fig-23: Bio Battery implanted on a Beetle

Bio Battery can be used to power ISR functions mautharge
battery. Power source for next generation helmetih

integrated sensors containing flexible bio battertggrated
onto helmet Thus this bio battery have made itsséful for
numerous applications keeping the environment safd
intact with its advantages and hence it can beedaks ‘The
fuel of Next generation’.
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