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Plastic Recycling by Bio-
Electrochemical Reactor
(BER)
Advantages of Bioelectrochemistry
1. Increased rate of degradation
2. No predigestion or pretreatment
3. No harmful gas as in incineration
or pyrolysis
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Plastic Recycling
Into value added products
such as ethylene glycol

Plastic Recycling
By environmentally
available wastes and
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Plastic Recycling
15342 tonnes /day
generated in India



Status of Plastic recycling
• 15342 tonnes of plastic waste generated in India
• Mostly goes into land fills and piles
• When the land fills reach threshold, incinerated or pyrolyzed
• Incineration – drawback is release of harmful gases like dioxin
Burning Plastic: Incineration Causes Air Pollution, Dioxin Emissions, Cost Overruns (https://www.no-
burn.org/burning-plastic-incineration-causes-air-pollution-dioxin-emissions-cost-overruns/);
(https://www.nationalgeographic.com/environment/2019/03/should-we-burn-plastic-
waste/#:~:text=Sophisticated%20incinerators%20that%20burn%20plastic,the%20U.S.%20burns%2012.
5%20percent.)
• Pyrolysis of plastic wastes: heavy metals and dioxins become concentrated in the resulting products

making then unsuitable as fuels, because when combusted they are released to the environment
(https://www.lowimpact.org/pyrolysis-not-solution-plastics-problem/)
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Drawbacks of Plastic recycling by incineration and pyrolysis
Incineration: including gasification, pyrolysis, and plasma arc — is not viable solution for plastic pollution and harmful.

• Burning Plastic: Incineration Causes Air Pollution, Dioxin Emissions, Cost Overruns
• Dangerous for marine life and human health. Burning plastic and other wastes releases dangerous substances

heavy metals, Persistent Organic Pollutants (POPs) and other toxics into the air and ash waste residues.
• New incinerator technologies are prone to failure and ineffective at eliminating plastic pollution.

>> failed repeatedly in country after country
>> exorbitantly expensive
>> coastal countries in Asia —issues of poverty, open dumping, lack of waste management infrastructure contribute

to significant quantities of plastic waste into the oceans
—cost between $5-53 billion per year to operate large-scale incinerators (European standards of health and safety)

—still allow release of dangerous plastic waste pollutants to air and into the ash residues.
• Bad for the climate and oceans.

>> when burned like any other fossil fuel: releases climate pollution.
>> leads to rising sea levels, increased ocean and air toxicity, and destruction of coral reefs and other marine life.
>> U.S. Environmental Protection Agency: burning plastics is the worst possible end-of-life management approach

from climate perspective.
>> Gasification, pyrolysis, and plasma incinerators are even less efficient at generating electricity than mass burn

incinerators, and often supplement waste with coal and other fossil fuels in order to produce energy.
>> Climate change is a major threat to our oceans and marine health.

• Violate the principles of environmental justice.
>> Incinerators cause environmental injustices in the communities where they are built, which carry the

disproportionate burden of the air pollution and toxic ash.
>> These places — often in the global south or communities of color in the global north — are also

disproportionately impacted by the climate change that incinerators contribute to.
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What is the solution?

Plastic eating Microbes!!!
Gram negative, non pathogenic, rod shaped
Ideonella sakaiensis (found in 2016)

Plastic eating Microbes!!!
Gram negative, non pathogenic, rod shaped
Ideonella sakaiensis (found in 2016)

Releases enzymes such as PETase and MHETase

Degrade PET into 2 – hydroxy terephthalic acid (MHET),
a heterodimer of terephthalic acid (TPA) and ethylene glycol

Hydrolyse ester bonds with enantiospecificity
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In nature, the bacterium takes up ethylene glycol and Terephthalic acid via its
outer membrane and does metabolism for its growth; plastic eating bacteria
No control over the metabolic rate as it is a natural process
Takes millennium to degrade the tonnes of plastic waste generated every day



IBE can provide the way out
Novel concept to convert plastic into ethylene glycol and TPA by BERs

Plastic eating Microbes!!!
In Bio-Electrochemical Reactor as biofilms to degrade plastic

Release rate of enzymes such as PETase
and MHETase increases

Hydrolyse ester bonds with enhanced
enantiospecificity

Release rate of enzymes such as PETase
and MHETase increases

Enhanced degradation of PET into 2 – hydroxy terephthalic
acid (MHET), a heterodimer of terephthalic acid (TPA)
and ethylene glycol

Hydrolyse ester bonds with enhanced
enantiospecificity

Advantages of BER over natural/biotechnology/pyrolysis or incineration of plastic
 Simulating bacterium to release the enzyme at higher rate via electrochemical perturbations
 Control over the experimental conditions such as current density, potential, pH, partial pressure of oxygen to

control formation of Ethylene glycol and Terephthalic acid
 Inhibit the absorption of ethylene glycol and TPA by the outer membrane and stops further metabolism by

bacteria via electrical impulses on the electrode
 Takes hours to days to degrade the tonnes of plastic waste generated every day
 Environmental friendly, no harmful pollutants, complete conversion of plastics to value added productsConfidential

Advantages of BER over natural/biotechnology/pyrolysis or incineration of plastic
 Simulating bacterium to release the enzyme at higher rate via electrochemical perturbations
 Control over the experimental conditions such as current density, potential, pH, partial pressure of oxygen to

control formation of Ethylene glycol and Terephthalic acid
 Inhibit the absorption of ethylene glycol and TPA by the outer membrane and stops further metabolism by

bacteria via electrical impulses on the electrode
 Takes hours to days to degrade the tonnes of plastic waste generated every day
 Environmental friendly, no harmful pollutants, complete conversion of plastics to value added products



Solution from IBE
Value added product from plastic waste

Solution from IBE
Value added product from plastic waste

The fabricated BERs are not only efficient in plastic reduction into ethylene glycol and
TPA, it helps in the reduction of the heavy metal pollutants present in the plastic waste,
organic & inorganic wastes and complies with 3R (Renewable, Recycle and Reuse).
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 Enzyme with enantiospecificity is naturally synthesized by the bacterium but
electrochemical stimulation will increase the rate of enzyme synthesis

 Controlled formation of Ethylene glycol and Terephthalic acid or anyone as required by the
customer

 Growth of biofilm on anode by the bacterium is controlled externally and hence the
product getting consumed by the bacterium (a natural process) can be avoided

 Replenishing of bacterial culture as inoculum is very easy and petri dish experiment (non
pathogenic and aerobic)

 The pH requirement is very minimal (wide range from 5.5 to 10); so as such no need to
strictly control pH of the medium

 Environmental friendly, so can be set up at any place without laboratory safety
requirements

 Scaling up is straight forward
 Takes hours to days to degrade the tonnes of plastic waste generated every day instead of

slow degradation by natural and biotechnology based pathways
 Environmental friendly, no harmful pollutants, complete conversion of plastics to value

added products
 No dioxins, heavy metal pollutants and carbon black contamination in the product
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Cost and infrastructure advantages for IBE solution
over existing know-hows

 Enzyme with enantiospecificity is naturally synthesized by the bacterium free of cost
 Innoculum cost is the initial major investment (much lesser than synthetic enzyme

synthesis with enantio purity; 100 folds)
 Construction of BER is simple, user friendly and scalable at any capacity and volume
 Construction materials are predominantly indigenous glass (normal, need not be at the

level of borosil or export quality)
 Design of BER is simple and within layman reproducing ability
 No need of maintenance except for replenishing plastic waste, innoculum and removal

of products
 OPEX cost is very minimal
 Innoculum once added to BER, it self propagates by digestic plastic hence no need of

any extra investment on further innoculum storage and usage
 Value addition is maximum; from throw away plastic to saleable and useful products
 Now harmful and hazardous chemicals involved, as a side reaction even the heavy

metal gets reduced, all electrodes are reuseable, catholyte can be reused
 Value added products sell at the rate of (i) Ethylene glycol – Rs. 10000 per gallon and (ii)

TPA – Rs. 68 per kg
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Plastic Recycling by novel electrochemical approach

Current status of IBE solution
 Prototype stage (TRL 4) – 202041033271 (Indian Patent filed)

 Natural enzyme with enantiospecificity: Electrochemical
stimulation increases rate

 Controlled formation: Ethylene glycol and Terephthalic acid or
anyone as required

 Minimal pH requirement (wide range from 5.5 to 10)
 Environmental friendly and Straight forward scale up
 Hours to few days for degradation of tonnes of plastic waste
 No harmful pollutants, complete conversion of plastics to value

added products. No dioxins, heavy metal pollutants and carbon
black contamination in the product
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S.
No

Item description Quantity
requirement

Cost per
quantity (INR)

Total Cost
(INR)

Justification

1. Electrochemical
Workstation

one 15,00,000
(including export
and customs
charges)

15,00,000 To stimulate bacteria via electrochemical impulses

Investment required for viable product development (3 tonnes capacity)
Fund requirement = Rs. 40,00,000; Timeline = six months from the funding

15,00,000
(including export
and customs
charges)

2. Carbon or graphite
electrodes

1000 5,00,000
(different sizes
and shapes)

5,00,000 As current collectors and substrate for biofilm
growth

3. pH and
conductivity meter
with BOD and COD
measurements,
weighing balance,
hot plate etc

1 1,00,000 1,00,000 To monitor pH, ionic conductivity of the medium,
dissolved oxygen and oxygen supply level to
bacteria

pH and
conductivity meter
with BOD and COD
measurements,
weighing balance,
hot plate etc

4. Glasswares 1000 4,00,000 4,00,000 To fabricate BER and to separate the end products
(mostly reuseable)

5. Consumables As required 5,00,000 5,00,000 To develop innoculum, catholyte redox mediator,
agar agar, KCl etc

6. Manpower and
Consultancy
charges

1 lab technician
and consultancy
as required

10,00,000 10,00,000 Salary for Lab technician @ M.Tech level (Rs.
20,000 pm, experimental charges such as Mass
spectrum for products formed, SEM etc)
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Market Size and Opportunity
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Comparison of incineration, pyrolysis, gasification and MFC
for plastic recycling

S. No Incineration Pyrolysis Gasification MFC
1. Costly equipment Costly equipment Costly equipment Cost effective glass bottles
2. Dioxins, heavy metal

contamination,
carbon soot  and
ashes as pollutants

Dioxins, heavy metal
contamination,
carbon soot  and
ashes as pollutants

Syn gas as useful
product, heavy
metal contamination
is not removed

No harmful gases, heavy
metals and carbon
pollutants

Dioxins, heavy metal
contamination,
carbon soot  and
ashes as pollutants

Dioxins, heavy metal
contamination,
carbon soot  and
ashes as pollutants

Syn gas as useful
product, heavy
metal contamination
is not removed

No harmful gases, heavy
metals and carbon
pollutants

3. NA NA NA Zero waste concept
4. Heavy metal

contamination in the
by products

Heavy metal
contamination in the
by products

Heavy metal
contamination in the
by products

Heavy metals are reduced
to lower oxidation states
and hence serves dual
purpose

5 Recycle and Reuse Recycle and Reuse Recycle and Reuse Recycle, Reuse and
Renewable
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5 Recycle and Reuse Recycle and Reuse Recycle and Reuse Recycle, Reuse and
Renewable

6 NA NA NA No pathogens but gram
negative bacterium

7 Value added products
with contamination

Value added
products with
contamination

Value added
products with
contamination

Value added products



Competitors

Incineration is highly controversial in many countries. Recent attempts to build

new incinerators have led to local opposition, including in China, India, the
Philippines, Indonesia, Vietnam, Malaysia, Thailand, South Africa, Ethiopia, Spain,
UK, Puerto Rico, Mexico, Argentina, Chile, and Brazil, according to a report
published by the Centre for International Environmental Law (CIEL).

Competitors

us here!!!

First in the world to think and
utilise BERs for plastic recycling,
value added products

us here!!!
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