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Sustainable technology development for plastic waste management in Palakkad,
Southern India

Increasing demand for day-to-day consumer products and electronic equipment in India has

led to large amounts of plastic waste when these items are discarded. The amount of plastic

waste generated in India is further compounded by the umping of imported waste from

developed nations. Following a trajectory of high growth, riverine environment in the

Himalayas are facing a common challenge of achieving an environmentally benign pattern of

development owing to the problems related to dumping of plastic waste and open burning in

the dumpsites. Recent studies have shown a shift in global sources and source regions of

certain persistent organic pollutants (POPs) like polychlorinated biphenyls (PCBs),

polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs) and

plasticizers like Phthalic acid esters, Bisphenol-A due to a final transition in the life-cycle

towards the recycling and disposal stages. This is paralleled by significantly increased levels

of plasticizers like phthalic acid esters and Bisphenol- A in the riverine or marine

environment of India. Dangerous recycling practices and open burning of solid waste pose a

threat not only to the areas where primary emission is taking place but can also affect human

health via various exposure pathways. Hence we propose a sustainable approach to arrest the

problem associated with plastic waste. We aim to devise a sustainable technology for

generating wealth from waste plastic generated in different parts of the riverine belt of the

Himalayas. Our goal is to collect waste plastic and produce different types of re-processed

polymer using our fabricated and optimized granulator and extruder which can be further

utilized by the industries and prevent deleterious impacts due to improper handling of plastic

waste. Our main objectives of this project are:

1. Collection of plastic waste from a model urban center in Assam and Uttarakhand

2. Reinforce waste plastic with the natural fiber prepared from sugarcane bagasse using

our designed extruder

3. Production of a new consumer product using polymer composites4. Capacity building

and policy intervention for sustainable plastic waste management

This project through its various Work Packages would focus on engaging women for plastic

waste collection and processing, capacity building, livelihood and entrepreneurship. Special

emphasis will be on engaging women in self-help groups, empowering women through
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financial independence, and closing the gender gaps. A nuanced communication strategy will

be laid out for various stakeholder groups.

The outcomes of this project leads to enabling several Sustainable Development Goals

(SDGs) such as SDG 1 (Poverty alleviation by livelihood options for communities), SDG 3

(Waste management leading to better health outcomes), SDG 4 (production of educational

material such as pencil), SDG 5 (women being engaged in productive activities, helps in

bridging gender gaps), SDG 6 (plastic waste management helps in keeping water bodies

clean), SDG 8 (Job creation and productivity), SDG 9 (Infrastructure and innovation), SDG

11 (sustainable cities by sustainable waste management systems), SDG 14 (protecting the

marine ecosystem from plastic wastes) and SDG 15 (protecting the terrestrial ecosystem from

plastic waste pollution).

Keywords: waste hierarchy; waste trading; recycling; solid waste; waste management; plastic
waste recycling
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Sustainable technology development for plastic waste
management in the Palakkad, southern part of India

I. Introduction

In most places throughout India, the solid waste management system is a challenging issue.

Trash is inevitably thrown into the surrounding areas, where it decomposes in the open,

attracting flies and rats among other creatures. Much of the trash that is dumped is made from

non-biodegradable materials, such as polythene or other non-biodegradable plastics, and thus

is left to exist forever in the environment, slowly leeching its toxic ingredients into the

ground, contaminating the soil and the groundwater. Animals often die from ingesting

harmful materials such as plastic and polyethylene.

Plastic waste from households as well as discarded e-waste from informal recyclers is swept

into surrounding water bodies, either purposely by people or washed by heavy rains during

the monsoon season. In the waters, large amounts of biodegradable waste take a lot of the

oxygen from the water to decompose, adversely affecting fish and other aquatic creatures.

Non-biodegradable materials float through the rivers, create blocks in the free flow of the

water and slowly leech their harmful chemicals into the water itself.

Like many cities in India, Palakkad lacks an adequate solid waste management system, and if

they do, they are never sufficient to handle the amount that is produced each day. Another

huge problem is a lack of education and environmental awareness among ordinary people.

People have nowhere to put their garbage, so they inevitably throw it into the surrounding

environment, being completely unaware of the consequences, or they burn the trash (which

releases harmful chemicals such as dioxins and furans into the atmosphere).

Plastics have transformed the way we live and play an important role in many aspects of modern life,

we are increasingly aware of the devastating damage plastic waste can inflict on the environment and

people’s health. Plastic waste causes a plethora of problems when it leaks into the environment.

Plastic bags can block waterways and exacerbate natural disasters. By clogging sewers and

providing breeding grounds for mosquitoes and pests, plastic bags can increase the

transmission of vector-borne diseases like malaria. High concentrations of plastic materials,

particularly plastic bags, have been found blocking the airways and stomachs of hundreds of
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species. Ultimately, tackling one of the biggest environmental scourges of our time will

require governments to regulate, businesses to innovate and individuals to act. Plastic

packaging accounts for nearly half of all plastic waste globally, and much of it is thrown

away within just a few minutes of its first use. Much plastic may be single-use, but that does

not mean it is easily disposable. Plastic recycling is the process of recovering scrap

or waste plastic and reprocessing the material into useful products. Since the vast majority of

plastic is non-biodegradable, recycling is a part of global efforts to reduce plastic in the waste

stream. Plastic wastes arise from different sources, commercial, industrial, household,

construction & demolition, radioactive, and hospital wastes. Important methodology of

plastic waste recycling are as follows:

1. Material recycling of homogeneous plastic waste.

2. Material recycling of mixed plastic waste.

3. Chemical recycling and

4. Energy recovery.

Recycling thus represents not only a means for making production mere cost-effective but

also reducing the load on the environment in many cases. Recycling reduces the quality of

waste and saves the raw materials and energy which would otherwise be used to produce new

materials. A recyclate can be given a new shape after melting. The best-known methods of

this type of processing of mechanical recyclates are injection molding, extrusion, rotational

molding, and heat pressing. Therefore, only thermoplastic polymers, such as polypropylene

(PP), polyethylene (PE), polyethylene terephthalate (PET), and polyvinyl chloride (PVC), can

normally be mechanically recycled. Polystyrene (PS) materials can be reprocessed and molded

into new packaging products.

Polythene or polyethylene is a polymer of ethylene gas (CH2=CH2) which is commonly used

in our day-to-day life like grocery bags, shampoo bottles, bulletproof vests, etc. Several kinds

of polythenes are known with most having the chemical formula (C2H4)nH2. There are various

categories of polyethylene like low-density polyethylene (LDPE), medium density polythene

(MDPE), high-density polyethylene (HDPE), and very low-density polyethylene (VLDPE).

Among these LDPE is commonly used for making grocery bags, food wrapping material,

power cable sheathing, and laboratory containers as it is excellently resistant to dilute and

concentrated acids, ketones, and vegetable oils(Figure 1).
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Figure 1. Major polymers associated with single-plastic

Reinforcement with natural fiber in composites has recently gained attention due to its low

cost, low density, acceptable specific properties, ease of separation, enhanced energy

recovery, CO2 neutrality, and most importantly, its biodegradability and recyclable nature.

Thousands of tons of different crops are produced but most of their wastes do not have any

useful utilization. Agricultural wastes include wheat husk, husk, and their heir straw, hemp

fiber, and shells of various dry fruits. These agricultural wastes can be used to prepare

fiber-reinforced polymer composites for commercial use.

I.1 Problem Area

Plastic waste: An emerging problem
The problems relating to mounting solid waste are fast acquiring gigantic proportions in the

developing countries of Asia. Most countries, nevertheless, continue to primarily focus on achieving

high economic growth and pay scant attention to waste management. The amount of plastic and

other non-biodegradable waste in Palakkad is growing at an alarming rate and wreaking havoc with

this fragile ecosystem.

In addition, industrial organic contaminants often contained in e-waste plastic are polybrominated

biphenyls (PBB), tetra Bromo bisphenol-A (TBBP-A), and polybrominated phenols (PBP), and

dechlorane plus (DP), which are more dangerous when discarded in the open dumpsites. Toxins
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generated from the open burning of plastic shells, printed circuit boards, and other non-ferrous

materials contained in e-waste pollute the air, water, and ground and are a growing concern for health

authorities in and around the regions where such practices take place. Even high traces of

cancer-causing PAHs are also found in the emissions and the ash of such hazardous waste. Hence

the need of the hour is to find acceptable, sustainable, and environmentally-friendly

solutions for the treatment of solid waste.

1.2. Knowledge gaps and challenges

1.2.1. Data Gap

Approximately 26,000 registered plastic processing units in India are present and the demand

for plastic raw materials increased more than two folds from 3.3 million to 6.8 million tons

between 2000–2001 and 2009–2010 (CIPET 2016). According to a Central Pollution Control

Board (CPCB) report, there were 2,079 plastic recycling units in India as of December 2006.

The capacity of India in the production of polymers used in plastic production was 6,800 kt

out of which PVC is third with a capacity of 1,320 kt(CIPET 2016). The most common

application of phthalates, particularly di(2-Ethylhexyl)phthalate (DEHP), is in PVC products

and their release into the environment is from the final products as well as from

manufacturing units. But so far there is a paucity of data on plastic waste and reusing or

recycling the waste in the Palakkad.

1.2.2. Challenges with plastic waste

■ If recycling of plastic and control mechanisms do not keep pace with the

production rate of single-use plastic, researchers have estimated that the world will end

up with 13 billion tons—the equivalent of about 30,000 fully loaded supertankers—of

plastic by 2050. Palakkad is densely populated with several industries and tourist spots.

Hence Palakkad is going to be one of the potential zones for dumping plastic waste.

■ On October 2, 2011, the government imposed a blanket ban on the use and storage

of non-biodegradable disposable plastic cups, plates, and glasses and warned that

violators would be fined up to Rs 5,000. However, the law seems to be almost

ineffective.
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■ Moreover, compared with the lucrative recycling of metal, and similar to the low

value of glass, plastic polymers recycling is often more challenging because of its low

density and low value. There are also numerous technical hurdles to overcome when

recycling plastic.

2. Project Description

2.1. Major Objectives

The overarching goal of this proposal is to develop a sustainable technology to manage

plastic waste along the Palakkad of India. We aim to re-process the plastic and re-use it for

new products so that waste plastic does not end up choking the surrounding environment.

Also burning of waste plastic in open dumpsites can be arrested.

We aim to recycle the unwanted plastic waste that is thrown everywhere littering the streets,

clogging sewers, and encroaching people’s homes into aesthetic, durable, and environmentally

friendly plastic lumber.

To accomplish this goal, we have designed a pilot scale project with the following major

objectives:

(i) Survey the quantity and types of plastic waste generated in the Palakkad

(ii) Reinforcing the natural fiber from sugarcane bagasse with waste LDPE and HDPE to prepare

polymer composites

(iii) Standardising the reinforcing effect, plasticization effect along with modification by coupling

agents, properties, and applications based on composite materials

(iv) Fabricating and upscaling the existing extrusion machinery for the production of

re-processed polymer granules

(v) Install the machinery in Palakkad-IPTIF as a model for plastic waste management in

urban centers. We shall use the collected plastic waste for the production of a consumer

product i.e., polymer pencils and polymer chips. The polymer chips can be utilized for

road construction as well as for roadside kerbs.

(vi) Capacity building and training workshops for skilled personnel to help with new

start-ups for formal plastic re-processing. In addition, policy intervention for sustainable

management of waste plastic will be a major segment of this objective.

2.2. Proposed plan
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Our proposed plan of action for plastic waste management has been given in Figure 2.

Briefly, we shall be having nodal collection centers for collecting waste plastic. We shall

fabricate the machine. Collected plastic shall be re-processed and made available to the

relevant industry.

Figure 2. Reinforcement of waste plastic with natural fiber to produce new consumer products

2.3. Novelty/uniqueness of the proposal

Recycled plastic product: The novelty of recycled waste plastic reinforced with natural fiber

from sugarcane bagasse in presence of Maleic acid polyethylene (MAPE). The nature of this

invention consists in the employment of natural fiber incorporated together to be made into

new structures for further usage as furniture logs enclosed in non-wood or other material such
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as polystyrene. The polymer-bonded logs are usable immediately after extruding without

further heat treatment or impregnation. Advantages of such wood-free recycled plastic-made

logs include simple manufacturing process; very low raw material inventory; waste-free

manufacturing; homogeneous mixing of casing/body and glossy finish in one single

co-extrusion process; non-hazardous, non-polluting & non-toxic.

In the frame of a circular economy, the maximization of secondary raw-material recovery is

necessary to increase the economic and environmental sustainability of open dumpsites and

reclamation activities. In this proposed project, we shall be utilizing the polyethylene-rich

plastic fraction recovered from the reclamation of solid waste dumpsites. The produced

composite shall be characterized through spectroscopic, thermal, morphological, and

mechanical analyses. Then, an economically viable valorization and recycling strategy will

beset-up. The effectiveness of this strategy in the enhancement of dumpsite recovered plastic

(DRP) properties will be demonstrated through morphological and mechanical

characterizations.

3. Project Implementation Plan

Implementation - Work Description

This project will be realized in 5 work packages (WPs), covering particular aspects of the
major objectives.

WP1: Survey strategy in Palakkad & Recycle LDPE & HDPE/cellulose
microfiber preparation

Plastic recycling requires information in the following three areas.

✔ Collection and separation of plastic wastes.

✔ Reprocessing technology.

✔ Economic viability of the recycled product.

We shall collect this information during our survey. Our survey and project sites have been

given in Figure 3. During WP1 the Principal investigator (PI)will carry out the preparative

work which includes the design of the campaigns to understand the quantity and types of

plastic waste generated in Palakkad. The Co-PI from Nuevo Chakra is an expert in

statistically competent surveys on environmental problems hence she will lead the survey.

IPTIF has nodal centers and points of contact in different parts of Palakkad so she can

effectively design the campaign. The PIs have extensive experience in recycling waste plastic
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to produce consumer products such as polymer pencils using the extrusion molding technique

which is currently available in the market. PI has an established laboratory and will therefore

lead this sub-package.

1. Preparation of sugarcane bagasse fibers

The sugarcane bagasse fibers will be cut into an average length between 5 and 10 mm,

soaked in distilled water for 24 h to remove any surface impurities, filtered, and washed

thoroughly with distilled water before being allowed to dry in an oven at 80°C for 24 h. The

dried fibers will be grounded using a high-speed mixer to pass through a 35-mesh screen and

then the fibers will be stored in sealed plastic bags prior to compounding.

2. Preparation of recycled LDPE and HDPE sugarcane bagasse fiber composites

Recycled LDPE or HDPE and sugarcane bagasse (SB) fibers will be melt mixed in the lab.

The compatibilized composite samples will be prepared by adding various amounts of Maleic

acid polyethylene (MAPE) (1.5, 3, and 4.5 wt%) to the mixture for 3 min before the end of

the mixing. Concept of mixing between MAPE and cellulose has been shown in Figure 3.

Finally recycle polyethylene and cellulose composite will be prepared by melt mixing

technique. The mixture among polyethylene, maleic anhydride and cellulose will be poured

into internal mixer. The mixtures will be then used for the preparation of sheets by

compression molding at 175°C and 50 bar for 10 min in WP4.
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Figure 3. Proposed compatibilization mechanism between the cellulose surface and
polymer matrix using MAPE as a compatibilizing agent.

The output of this WP will help to develop proper a combination of the composite

components materials which might have a wide variety of industrial applications when

weight and strength would be considered as critical parameters in the design. Based on the

obtained experimental results, the use of recycled plastic and cellulosic fiber wastes can be

very promising for the manufacturing of wood plastic composites.

Besides that, this work will help in producing very high-quality papers to be published in

peer-reviewed journals of high impact factors.

WP1 will be finalized the by 14th month. A detailed presentation of the production of polymer

composites will be presented in the Deliverable Report D1.

WP2: Fabricating machinery

WP2 includes designing and fabricating machineries for pilot-scale production of composite

polymer granules. Our designed extrusion machinery has been shown in Figure 4.

Figure 4. Design for fabricated extrusion machinery for re-processing waste plastic
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WP3: Characterization of recycled plastic composites

Morphological properties analysis

The specimens will be submitted to tensile tests and the composite intact fracture surface will

be analyzed in JEOL (JSM 5310) scanning electron microscopy with tungsten filament

operating at 15 kV, employing a low vacuum technique and a secondary electron detector.

Structural properties analysis

Fourier-transform infrared spectroscopy (FTIR, Perkin Elmer System 2000) will be used to

obtain some qualitative information about the functional groups and chemical characteristics

of the composite. Samples will be measured in the form of films of about 30 μm thickness,

prepared by extrusion blown molding.

Thermal properties analysis

Thermal degradation of composite will be performed to understand the thermal stability of

the composite. Analyses will be undertaken in SRMlaboratory.WP3 is expected to last for

around 6 months. The results of WP3 (occurrence of PT) will be presented in the Deliverable

Report D3. The results of the occurrence of PT will make up also Milestone M2, which will

be necessary for the undertaking of WP4.

WP4: On-site pilot scale production of recycles plastic-fiber composites

During WP4 of this project, the PI and industry partner will jointly design an indigenous

shredder and agglomerator of 5kg capacity each to be attached with the existing extruder of

10kg capacity for re-processing of the waste plastic from domestic households. PI from SRM

and industry partner from NUEVO CHAKRA Pvt Ltd have already patented and

commercialized a re-processed polymer pencil using such extruder machinery. In this project,

they want to fabricate a miniature granulator and extruder for the production of re-processed

plastic.

The duration of WP4 will be 15 months; it will start after the first set of results will be

available (~month-15) and is expected to be finalized at month-30. The outcomes of WP4

will be presented in the Deliverable Report D4.
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WP5. Capacity Building, Communication Strategy and Policy Intervention

The professionals of PFTIF have experience in capacity-building activities and would

leverage their experience, expertise, and networks for capacity building of three levels, such

as Urban Local Bodies (ULB) officials, NGOs, and Communities; in managing plastic

wastes. This would pave way for livelihood options emerging from the ‘Wealth from Wastes’

models which have been implemented in many of the ULBs in the state.

Capacity-building activities would be carried out four times in a year (April /June and

September of each year) for behavior change in communities and sustainability of activities.

A two-day training program for a batch of 30-35 participants will be carried out for different

beneficiary groups. These programs will be customized for different stakeholder groups in a

unique pedagogical style comprising a mix of classroom and experiential learning. The

faculties and facilitators would be sectoral experts with long-standing experience.

The communication strategy would have a three-layered approach for different layers of

stakeholders. School children will play the role of change agents for household segregation of

plastic wastes. Communication Strategy (CS1) would be through mass communication, radio,

television, and social media. A social media page would be created highlighting the good

practices. The innovative approaches would be rewarded.

Plastic waste collection centers will be set up with the help of women-led self-help groups

and managed and monitored by women. Natural leaders from the community will be

identified and trained. The communication strategy for this stakeholder group (CS2) would

comprise capacity building and all the elements of CS1. Efforts would be to factor in the

sustainability aspect right from the very beginning so that the community is self-sustained

and the processes are institutionalized.

The communication strategy (CS3) for the Urban Local Bodies (ULBs) would be periodic

capacity-building activities, regular monitoring, and surveillance mechanisms, and visits to

best practice locations for practical understanding. The findings of this project would be

encapsulated in a Policy Brief for advocacy and sectoral reforms for the benefit of the

respective State governments.
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WP6. Dissemination of results

All results of this project will be included in the final report (D5-FR) which will be delivered

at the end of the project. In addition, dissemination of the results will be through publications

in peer-review scientific journals and presentations at prestigious scientific conferences. A

dedicated website at the institutional website will be created, where all deliverable reports

and other material will be hosted.

PI will be involved in the dissemination of each and every result. The Policy Brief and the

final report will be launched at a National level Conference in Delhi for replication

/up-scaling in various regions of the country, as appropriate.

Gantt chart

S. No. Deliverables and
milestones

1st year 2 year 3 year

WP1 D1 / M1

WP2 D2

WP3 D3/ M2

WP4 D4
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WP5 P1-5, D5-FR

WP6

D: Deliverable; M: Milestone; P: Scientific Publication; FR: Final Report.

(l) Envisaged deliverables from the projects:

1. Presentation of findings in National and International Conferences thereby circulating the

idea of plastic waste management among the community dwellers

2. Women and poor labors will be skilled so as to get a better livelihood by re-processing

waste plastic

3. Fabricated extruder and granulator will be patented.

4. 3 papers in international peer-reviewed journals

5. This project will act as a model for plastic waste management at a local level in Palakkad.

Through workshops and training, we shall encourage similar models in different parts of

India and help to make wealth out of waste plastic.

Modalities for dissemination:

Dissemination of knowledge through publications, conferences presentation, and patent filing

and commercialization. The outcomes of this project leads to enabling several Sustainable

Development Goals (SDGs) such as SDG 1 (Poverty alleviation by livelihood options for

communities), SDG 3 (Waste management leading to better health outcomes), SDG 4

(production of educational material such as pencil), SDG 5 (women being engaged in

productive activities, helps in bridging gender gaps), SDG 6 (plastic waste management helps

in keeping water bodies clean), SDG 8 (Job creation and productivity), SDG 9 (Infrastructure

and innovation), SDG 11 (sustainable cities by sustainable waste management systems), SDG
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14 (protecting the marine ecosystem from plastic wastes) and SDG 15 (protecting the

terrestrial ecosystem from plastic waste pollution).

Research Outputs: Papers, patents, conference proceedings, patent filing, and

capacity-building activities in respective States.

4. Exit strategy- how the outcomes are sustained after funding ceases

Our industry partner is ready to support to use of his company’s extrusion machinery to carry

out a few experiments using his extrusion machinery before installing the fabricated

machinery on the project site. PFTIF will train personnel and identify Small and Medium

Enterprises (SMEs) to take up the model project with the aim to make wealth out of waste

plastic. The Capacity building activities organized by PFTIF will provide hand-holding

support to prominent and active NGOs in the respective locations for taking forward the

initiative on a sustainable model system. In three years, the supply chain of recycled plastic

items such as pencils and plastic pellets for road laying activities would be established and

self-sustained. Women-led SMEs and self-help groups at the grassroots levels would be

identified and linked with livelihood options.

We have the experience of involving school children as change agents, which has been

pivotal in taking many of the mass awareness programs in the past.

The maintenance of the granulator and extruder will be stationed at the PFTIF campus

and will be available for further research purposes after the completion of the project.

PFTIF and NUEVO CHAKRA will help in training local start-ups to develop a similar model

in different states of India. NUEVO CHAKRA will also look for a market in other counties to

market the fabricated patented granulator and extruder. Since women’s help is needed in the
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manufacturing process, particularly during sorting and segregation, this project will lead to

women’s empowerment in rural India.

-----------------------------------------End of the Document----------------------------------------------
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