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ABOUT THIS REPORT
This report documents the study done by NCL Innovations, CSIR-NCL on the PET recycling
landscape in India. The study was conducted between May 2016 - Oct 2017 and was funded
by PACE.
ABOUT PET
Polyethylene terephthalate (PET or PETE) is a type of plastic or polymer made by reacting
two monomers (ethylene glycol and purified terephthalic acid, PTA) via a process called
condensation polymerization, in the presence of a small amount of a catalyst 1. What results
is a type of polyester which is used for making fibers and other applications. To make bottle
grade PET resin, an additional step is required – solid state polymerization (SSP). This step
increases the molecular weight (or the length of PET molecules) which in turn increases the
intrinsic viscosity of the PET and make is suitable for making bottles for packaging
applications. PET was discovered and patented in England in 1941 (napcor.com).
ABOUT CSIR-NCL
CSIR-National Chemical Laboratory (CSIR‐NCL), Pune, established in 1950, is a constituent
laboratory of Council of Scientific and Industrial Research. CSIR-NCL is a science and
knowledge based research, development and consulting organization. It is internationally
known for its excellence in scientific research in chemistry and chemical engineering as well
as for its outstanding track record of industrial research involving partnerships with
industry from concept to commercialization.
ABOUT NCL INNOVATIONS
NCL Innovations (NCLI) is resource center of CSIR-NCL that supports, promotes and
champions the cause of technology innovations within NCL. The team at NCL Innovations
manages a portfolio of 1800 patents, formulates and executes patent strategy, does
technology assessments, marketing, valuation and works to convert science from the lab to
useful products and services. NCLI was instrumental in creating over ten spin-offs from
CSIR-NCL and also actively engages in building the innovation-support eco-system in the
Pune region. Combining decades of experience in technology development, research,
innovation management and techno-commercial assessments, NCLI provides solutions to
industry and academia in these domains.
ABOUT PACE
PET Packaging Association for Clean Environment (PACE) is an industry body that
represents various PET manufacturers, bottlers, processors, recyclers in India. PACE
represents the whole PET value chain—from resin to recycling. PACE aims to act as a
catalyst to enable the PET packaging industry to play an increasingly significant role in the
growth of the Indian national economy and GDP, by providing employment opportunities
and driving Income growth.
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SUMMARY

P

olyethylene terephthalate (PET) is one of the most widely used plastics today.
PET bottles are ubiquitous in our day-to-day lives–one has to just look
around to spot a PET bottle containing mineral water or soft drink or used for

other applications. With such wide usage (in 2015-16, ~ 900 kT of PET was used in
India), comes the question, what happens to the PET bottles after use. Are they
recyclable? If so, how can they be recycled? What can be made out of recycled PET?
How much of PET consumed in India ends up being recycled, in a given year? This
report looks to answer these questions.
PET bottles, post use, still carry a lot of value, and recycled PET (r-PET) can be used
in a wide variety of applications. This makes post-consumer PET bottles a very
sought after item by waste collectors. Discarded PET bottles fetch waste collectors Rs
14-15/kg. These bottles are bought by kabadiwallahs or waste traders, who employ
people to segregate, sort and further sell it to large vendors or recyclers. The caps,
neck rings, labels (non-PET components) are removed, and the bottles are shredded,
washed, and sold as what is called ‘washed flakes’. These washed flakes are then
used to make (predominantly) polyester fiber, which is used as filling material for
cushions, pillows, and converted to fabrics for use in clothing, upholstery, etc. These
end products sell at anywhere between Rs 50-110/kg; the market for r-PET products
is quite large. There are at least 40 large manufacturers across India who use r-PET as
raw material for fiber.
The PET recycling business (in the organized sector) can be estimated to be around
Rs 3,000- 4,000 crore in a given year in India. 60-70% of discarded PET bottles get
recycled by organized players in India. It should be noted that this estimate does not
include the recycling of PET bottles done by the unorganized segment or account for
the PET used in manufacturing of straps, sheets and non-food containers. The overall
recycling rate of PET, if one includes the above categories, would be higher. The next
stage of the project shall look into these aspects.
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CHAPTER 1: INTRODUCTION

P

ET is one of the most widely used plastics for packaging applications. There
are various reasons that contribute to PET’s popularity and to its choice as a
packaging material. It is food safe. It is strong, lightweight, transparent,

shatter-resistant, and provides additional properties like desired barrier properties (it
is its effective barrier to carbon dioxide, which combined with transparency makes it
one of the most preferred choices for packing carbonated beverages). From the
consumer’s point of view, PET packaging offers convenience, light weight, and
shatter-resistant (when compared to glass, ceramic and such options) thus making it
a popular choice among consumers as well.
An important aspect of PET which has not gotten wide attention is its recyclability.
Being a thermoplastic, it can be melted and reformed into a wide range of products,
without significantly losing its properties. Even though many of the popularly used
plastics are also thermoplastics, and hence are recyclable, PET remains one of the
most widely recycled plastic worldwide.
There are estimates available around PET being produced and consumed in India.
The aim of this project was to understand the PET recycling scenario in India, to
obtain a preliminary, realistic, ground-level understanding of the various issues,
bottlenecks, pressure-points, difficulties in recycling PET in the Indian context, to
estimate the amount of PET that is recycled in India in a given year, and to
recommend steps to increase the rate of recycling of PET in India.
RECYCLING TRENDS: INDIA AND ABROAD
Despite being in existence for over six to seven decades and with such an extensive
use; many are not aware of the fact that PET bottles can be 100% recycled and are
being widely recycled into a wide array of products.
The recycling rates of PET bottles vary across the world. Countries like Japan and
Germany are far ahead having achieved a very high rate of recycling PET products
compared to the rest of the world. PET recycling is not uniformly high, even if one
considers only the developed countries. For example, in the US, only a little over 30%
of the PET bottles in circulation is collected for recycling, and more so, a quarter of
that gets exported to other countries like China to get recycled. The situation is
roughly same in Europe as well. Even though Europe has a higher collection rate of
59%, a very large portion of it is once again exported to China, Hong Kong and other
countries.
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There are various issues related to how PET bottles are used, discarded, what are the
collection mechanisms in place, how they get recycled, what are the incentives, how
the value chain is structured, are there enough incentives for each link in the value
chain for the recycling to progress are all questions that determine the overall
recycling rate of PET in any country.
And as far as India is concerned, the project attempts to study the entire landscape of
PET recycling, identify how the system works, what the value chain is, what the
price points are, who are the people engaged in recycling PET, what are the
processes they use, what gets made of recycled PET, how much is it sold for etc. The
study in ensuing sections attempts to cover these areas.
The aim is to develop a robust understanding of the underlying issues in recycling
PET and contribute meaningfully to the discussion on PET recycling, and eventually
recommend steps to increase the recycling rate of PET in India.
What emerged from this study was a remarkable story of how thousands of people
work together, mobilizing resources, across the country to collect, sort, segregate,
and recycle billions and billions of PET bottles every year and how the entire value
chain consisting of various players interacts seamlessly to make this happen. It was
quite remarkable to see the entire process replicated in intricate detail across the
length and the breadth of the country. The estimate of 60-70% recycling rate of PET
in the organized sector alone stands testimony to the extensiveness and robustness of
the PET recycling industry in India. It should be noted that this estimate does not
include the recycling of PET bottles done by the unorganized segment or account for
the PET used in manufacturing of straps, sheets and non-food containers. The overall
recycling rate of PET, if one includes the above categories, would be higher.

Common Misconceptions about PET
Contrary to the common misconception, PET does not contain
phthalates, neither are phthalates used in the processing of PET. PET
doesn’t contain BPA (bisphenol-A) or dioxins either.
No other heavy metal, except trace quantities of Antimony is present in
PET (Antimony trioxide is typically used as a catalyst in the
manufacturing of PET, at concentrations of 150-350 mg/kg, and it is
bound to the polymer, and PET produced in this manner has been found
to be safe for storage for water etc.)
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CHAPTER 2: METHODOLOGY
The findings of the reports were arrived through site visits, interviews and literature
survey. The team made over 15 site-visits in Punjab, Haryana, Delhi, Maharashtra,
West Bengal, Uttar Pradesh to visit recycling units, fiber spinning units, PET traders,
kabadiwallahs, industry conferences, dump yards, manufacturers during the duration
of the project (May 2016-Oct 2017). And conducted over 60 detailed interviews (all
in-person, except one—done over phone) with various stakeholders (vendors,
recyclers, manufacturers, kabadiwallahs, PET traders, experts from industry and trade
organizations, academicians, entrepreneurs, NGOs).
Reports, analysis, journal articles, market data, government data on solid waste
management, plastic waste management and PET recycling was used to aid the
analysis. Details of the literature reviewed are referenced in the respective sections of
this report.
Information on the price points reported in this report was collected between MayAug 2016. Please note that the prices vary depending on market dynamics, seasons,
taxes prevalent etc. Prices are meant only to be indicative in comparison to other
links in the value chain.
We have documented 40 large scale manufacturers located in 46 locations that use
recycled PET as raw material for producing various products. We recognize that
there could possibly be more such units that use recycled PET as raw material.
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CHAPTER 3: PRODUCTION, CONSUMPTION IN INDIA

P

roduction of PET resin in India has risen steadily over the years. In 2015-16,
~1,450 kT of PET was produced in India (against a total capacity of 1,976 kT),
as compared to ~980 kT in 2014-15 (against a capacity of 1326 kT). There are

four major manufacturers of PET in India: Reliance Industries Limited, Dhunseri
Petrochem and Tea Limited, JBF Industries Limited, Micro Poly Pet Private Limited
(now Indorama). Production, capacity details are given in the table and figure below.
Figure 1: PET Production in India (2014-16)

6

Table 1: PET Production in India 2014-16 (all number in kT, capacity in paranthesis)

2014-15

2015-16

RIL 2

374 (480)

797 (1130)

Dhunseri 3

348 (410)

396 (410)

JBF 4

200 (220)

200 (220)

Micropet 5

60 (216)

65 (216)

982 (1326)

1458 (1976)

Total

IMPORT, EXPORT OF PET
A large quantity of PET is exported every year. In 2015-16, ~650 kT of PET was
exported. The major markets for PET exports from India are Bangaldesh, USA, Italy,
Israel, Romania, Ukraine, UAE. The export volumes have grown in the recent years,
closely tracking the overall production levels in India.
To a smaller extent, PET is imported into India, mainly from Taiwan, China, Iran and
Malaysia. In 2015-16, the import figures stood at 107 kT. Annexure 3 presents the
detailed break up of all the import, export data, by country and by volumes.
Table 2: PET Export, Import (2014-16) (in kT) 6

2014-15

2015-16

Exports

375

658

Imports

167

107

PET is imported/exported in various grades. The HS code 390760 indicates PET (all
grades). The HS codes 390760.1, 390760.2 and 390760.9also represent PET of various
grades. It should be noted that this doesn’t capture the export/import of PET resin
under other categories or export of finished products (preform or bottles or filled
bottles). PET imports also arrive in the form of flakes, textile chips, film grade, semidull chips etc., much of which is used for non-bottle applications.
PET is also exported after being converted to preforms and bottles (some after being
filled with beverages/liquids). For example, Manjushree Technopak is a large
company involved in making performs and bottles for various applications, derives
13.7% of their revenues from exports (~8-9 kT per annum) 7. When calculating the
actual PET consumed in India, one needs to factor in these inflows/outflows as well.
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PET CONSUMPTION IN INDIA
To estimate the domestic consumption of PET resin in India, one can start with a
simplistic formula,
Total domestic consumption = Total domestic production + Imports – Exports.
Deploying this formula, in 2015-16, the total domestic consumption of PET was ~900
kT (as compared to 774 kT in 2014-15). These numbers need to be corrected further
for the fact that other grades of PET (used in textile and other applications) get
imported and PET bottles and preforms get exported (which is not captured in the
import/export data) and other such factors. Assuming a downward correction of 58% to accommodate for these factors, the domestic consumption of PET in India can
be pegged at 830-860 kT for the year 2015-16 (and 710-730 kT for 2014-15). The figure
below gives the total production, export, import and consumption figures for India.
Figure 2: PET Production, Consumption in India (2014-16)
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CHAPTER 4: APPLICATIONS OF PET

P

ET is one of the most widely used plastics for packaging applications. There
are various reasons for PET’s popularity and for its choice as a packaging
material. It is food safe. It is strong, lightweight, transparent, shatter-resistant,

and provides additional properties like desired barrier properties (it is its effective
barrier to carbon dioxide, which combined with transparency makes it one of the
most preferred choices for packing carbonated beverages). From the consumer’s
point of view, PET packaging offers convenience, light weight, and shatter-resistant

(when compared to glass, ceramic and such options) thus making it a popular choice
among consumers as well.
Baring a few minor other uses, most of the PET resin produced in India (excluding
textile grade PET resin) is used for packaging applications. Even within packaging
applications, a very large majority is used in making bottles. In India, an estimated
96-97% of the (non-textile grade) PET resin produced goes into making bottles. There
rest is used for manufacturing sheets, straps, masterbatch, monofilament/injection
molding 8.
Figure 3: Usage of PET Resin in India

Within bottling applications, there are various sub-categories based on end use.
Various liquids have different packaging requirements based on their chemical
composition, storage times etc. The table below gives a break up of end uses (of PET
bottles). The drinking/mineral water and carbonated/aerated drinks segments
combined consume over 50% of the PET resin used for making bottles. Other
segments like liquor, pharma, edible oil occupy the next positions. Recently, PET has
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been used increasingly to store dairy products like flavored milk, lassi, cold coffee
etc.
Figure 4: PET bottles used in packaging, by application

Since this data was collected with the end goal of being used to estimate the
recycling rate of PET, we also estimated (based on discussions with various industry
experts) what would be ‘residence time’ of the PET used in each of these
applications. We define ‘residence time’ as the duration from when the PET resin is
produced in the factory to the time it takes for it be converted to a bottle, filled,
transported, sold, used by the end-consumer and discarded—the time from resin
factory to the waste stream. The following table lists estimated time from resinfactory-to-waste-stream for various applications for which PET bottle is used. Based
on the application used, the ‘residence time’ of PET in the system varies from 3
months (for carbonated drinks) to more than 2 years (for liquor). We also estimated
the average ‘residence time’ of the PET resin used for bottling applications—this was
arrived at by taking a weighted average of the volume of PET resin used towards a
particular application and the estimated ‘residence time’ for that application. The
average residence time of PET used is bottle applications was estimated to be ~12
months, i.e., if one ton of PET resin is produced today, it would roughly end up in
the waste stream 12 months from now.
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Table 3: Estimated time from resin-factory-to-waste-stream for PET bottles

Bottle Applications

Estimated Time from
Resin-Factory-to-Waste
Stream

Carbonated/aerated drinks

3 months

Drinking/mineral water

12 months

Fruit drinks/ Nectar

4 months

Liquor

> 2 years

Personal care

18 months

Wellness/Pharma

18 months

Edible Oil

12 months

Dairy, lassi, cold coffee

6 months

Agrochemicals

2 years

Homecare

2 years

Source: Based on inputs from industry experts, collected in 2016

Colored PET bottles: There are different colored PET bottles used in India.
Clear/white bottles are the most widely used. For some applications green and
amber colored bottles are used. The color effect is achieved by mixing the PET resin
(which by default yields the clear-white bottles) with masterbatches (compositions
which have pigments or colorants mixed in them). These colored bottles are used to
differentiate the product from other products and also have functional roles to play.
For example, when storing a pale yellow or a yellow liquid, the green colored bottle
is preferred. Also, the amber bottles reduce the exposure of the stored liquid to direct
sunlight, which is mainly used in wellness and pharma applications. The colored
bottles are collected and processed separately—this process is discussed in detail in
the following chapters.
Figure 5: Different colored PET bottles used in India

Image source: www.colourbox.com ; dir.indiamart.com www.freundcontainer.com
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OTHER (NON-BOTTLE) USES OF PET
Only 3-4% of the PET resin produced in India is used for non-bottle applications.
Still, some of the products produced using PET are instantly recognizable. For
example the green plastic straps one might have seen used in heavy packaging are
made from PET. So is the transparent plastic containers used to package fruits like
strawberries—also made from PET.
Straps
PET straps are used in packaging,
baling, and for various applications
in industry. A small percentage of
PET produced goes into making
these straps. PET straps are a
convenient alternative to metal
Sheets
PET sheets are widely used in
packaging a range of products such
as consumer products,
pharmaceuticals, food & beverages,
engineering items. If you have
bought strawberries in season, you
must be familiar with the transparent
packaging it come in—it is made of
PET sheets.
Masterbatch
A small percentage of PET is used in
making masterbatches—where a high
concentration of pigments and other
additives are incorporated into the
PET resin which is then used to
impart color during the production of
polyester fiber.
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Monofilament
PET monofilament is mainly used for
making mesh fabrics for screenprinting, filter for oil and sand
filtration, bracing wires for
agricultural applications
(greenhouses etc.), woven/knitting
belt, filter cloth, and other such
industrial applications.

Image Sources: packingbucklestraps.com; indiamart.com, tijaria-pipes.com, www.rmp.com, fillermasterbatch.in,
toray-mono.com, indiamart.com
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CHAPTER 5: MAPPING OF PET RECYCLING IN INDIA

D

iscarded PET bottles are collected, sorted, cleaned, shredded, and made
into ‘washed flakes,’ which are then used to produce a variety of products,
starting from polyester fiber, which is used for a variety of applications like

filling material for cushions, pillows, and converted to fabrics for use in clothing,
upholstery, etc. Recycled PET (a small percentage) is also used for the manufacture
of PET straps, monofilament, sheets etc. The following figure schematically lays out
how post-consumer PET bottles are recycled and converted to value added products.

VALUE CHAIN OF PET RECYCLING
There are a series of stakeholders involved in the PET recycling business, starting
from the waste collectors to kabadiwallahs to small to medium traders, recyclers, and
manufacturers who use recycled PET for various products. The figures below
provide a simplistic illustration of the participants in the PET recycling business in
India.
Figure 6: Various stakeholders involved in PET recycling in India

*Prices vary. Data collected in May-Jul 2016.
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Figure 7: A snapshot of the PET recycling process in India
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STEP 1: REACHING THE WASTE STREAM, GETTING COLLECTED

There are various ways in which PET bottles reach the
waste stream for recycling—collection at source,
through waste collectors, from the municipal solid
waste stream etc. First all recyclables (metal, plastics,
paper, cardboard etc.) are extracted from the MSW
and further then, all the plastic items are further
separated out and sold to a kabadiwallah (a scrap or
waste dealer) who specializes in plastic waste. Waste
collectors also go directly to the sources (railway
stations, airports, restaurants, hotels, kiosks) to collect. As long as PET bottles are
segregated (along with the dry, recyclable waste) and discarded, there is a high
likelihood that they will be picked up and recycled. There are some aspects that set
PET bottles apart vis-à-vis other plastic waste. First, PET bottles are easily
distinguishable, hence easy to pick
up, sort, store etc. And weight per
bottle (empty) is reasonably high for

Factors that ensures higher collection
rates of used PET bottles from the
waste stream:
• Clearly identifiable due to
their transparency and wide
usage
• Could be collected in enough
volumes in a reasonable span
and sold downstream
(avoiding long storage times to
reach critical weight)
• Each bottle has a non-trivial
weight (at least 15 grams) that
allows the waste-picker to
quickly reach a reasonable
collection load

the waste collectors to invest their
resources to collect them (as
compared to extremely low weight,
small size waste, like chocolate
wrappers, carry bags). There are at
least 40 large scale manufacturers all
over India that use recycled PET
(washed flakes) as raw material.
Hence there is a healthy demand for
recycled PET. A kilogram of postconsumer PET bottles fetch the waste
collectors Rs 14-15/kg (prices vary
from time to time; this price point was
recorded when interviews were

conducted between May-Aug 2016). This (the fact that used PET bottles are sought
after items by waste collectors) has been reiterated over and over during various
interviews conducted by the project team. Also, there are reports that explore this
issue and arrive at the conclusion that PET bottles are sought after by waste pickers
as they are profitable 9. Some of the kabadiwallahs also directly source the PET bottles
from large establishments like airports, hotels, stadiums etc. Such bottles are sought
after as they tend to be relatively clean (they typically wouldn’t have been re-used to
store other liquids), hence reducing the sorting, cleaning process and also helps in
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achieving the target specs (of the impurity levels, etc.) of the end-product much
easily.
STEP 2: AT THE KABADIWALLAHS

The kabadiwallahs (waste or scrap dealers) get mixed-plastic waste. They run sorting
operations, where people sort the waste into polyethylene (PE), polypropylene (PP),
milky PP, HDPE, LDPE, PET etc. This is done mostly by visual inspection, by
subjecting the plastic item to a series of improvised tests like touch, bending,
snapping, applying solvents etc. The different plastics are segregated and sold to
different traders. The kabadiwallahs typically receive Rs 24-25/kg of PET bottles. The
value addition here is mainly in aggregating enough volumes to sell to a PET trader.
Sometimes, this means the kabadiwallah would have to wait for days, weeks to
accumulate enough PET bottles, by weight, to merit hiring a tempo or a truck to
transport it to the PET trader. Sometimes, the
In India, PET bottles used for
packaging applications come in
three colors—clear, green and
amber, with the clear bottles
forming the large majority. Green
bottles constitute 10-15% and
amber ~2% of the used PET
bottles in the waste stream. This
poses a big bottleneck in the
recycling process, as the bottles
have to be segregated by color
before they could be recycled.

PET trader themselves come and collect the
bottles (when there is a higher demand in the
market and sourcing the used PET bottles
becomes an issue). The kabadiwallahs aggregate
and sell all PET bottles in a single lot, which
means that the combined lot would contain clear,
green and amber colored PET bottles. Typically
10-15% of the bottles in the aggregate could be
green bottles and ~2% of the bottles could be
red/amber colored bottles. The PET trader
deploys people to segregate the bottles by color
and stores them till they reach a critical mass and
sells to the recycler. Colored bottles are sold at a

different price point in the market and each (color) has its own demand-supply
dynamics. The kabadiwallahs insist that the traders buy the entire lot and not just the
clear bottles, hence the traders take up the task of segregating and sorting PET
bottles by color.
Sometimes the kabadiwallah has a large enough operation that he/she supplies a truck
load (typically carrying 800-1000 kg per trip) to the trader. Sometimes, the quantities
don’t add up to justify en entire truck to be rented, which would mean they deploy
smaller (three wheelers) to supply this. Also, if the demand is too high and supply is
too low, the traders themselves visit the kabadiwallahs and pick up the PET bottles
(typically in large plastic bags, 30-40 kg of PET bottles per bag).
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STEP 3: AT THE TRADERS - REMOVING NON-PET COMPONENTS, SORTING, BAILNG

Traders receive anywhere between a few hundred kilos to a few tons of PET bottles a
day. Each and every PET bottle is scrutinized rigorously, through manual inspection.
First, all colored PET bottles (green, amber) are
segregated and sold separately.

A large bag (~30-40
kg) filled with used
PET bottles arrive
(from the
kabadiwallah) at the
facility of the PET
t d

Metal caps, rings (a feature common in PET bottles used for packaging liquor etc.)
are removed by hand. There are many kinds of labels applied on PET bottles—PP,
PVC etc. PVC labels interfere with the fiber manufacturing process. [PVC and PET
have a similar density, hence it is difficult to separate by flotation; but PVC and PET
have different Internal Viscosities, which makes it very difficult to process PET
contaminated with PVC.] Hence all PVC labels (identified by sight) are removed.
Bottles made from other plastics are removed. Once all this is done, the bottles are
baled—i.e., crushed to make compact bundles, each weighing 120-140 kg. Baling
makes it

possible to transport PET bottles efficiently—by making it
possible to transport 8-9 tons in a full-scale truck.

Used PET bottles being
sorted by color. Also, the
workers look out and
separate bottles with
PVC labels and parts,
metal caps and neck
rings, and other plastics
mixed in.
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The PVC labels,
caps, colored
bottles removed
from the waste
stream.

The baling machine: Each baling machine can bale around 0.7-1 ton of PET bottles in
a day. It takes approximately ten workers (sorters, packers, balers) to produce a ton
of baled PET bottles in a day. Sorting happens when there is ample daylight and
baling could either happen simultaneously or at nights. Typically each trader would
have a single baling machine per location. The thumb rule is that a trader-location
with a single baling machine could churn out 30-35 tons of sorted, PET bottle bales in
a month. Baling machines cost ~ Rs 3.25 lakhs to procure. In the early days (before 68 years) when the recycling value chain was still being developed, traders were
actually funded by large recyclers to buy baling machines as baling affords the trader
to deal in large volumes (as baled PET bottles and transported and stored cheaply,
thus expanding the ability of the trader to handle more and more volumes).
Generally, women are employed for sorting the bottles and men are employed for
baling and packing activities.
The traders procure at Rs 24-25 per kg.

Baling machine
used to make
compact
bundles of
used, sorted,
PET bottles.

And they incur around 4 Rs per kg as
costs in sorting and baling (costs
include labor, electricity, packing
costs, rent, and ‘shortage’. Many PET
bottles when they arrive at the trader
may contain non-trivial amounts of

residual liquids (water, juices, other beverages, liquids
stored in the bottle). Some of these liquids are emptied
during the sorting process. Some of the liquids are
crushed out during the baling process—all of which
causes a loss in weight of the PET bottles-shortage is
the term used to denote this loss. Also, the PVC
wrappers and other plastic and metal parts removed in
the sorting operation also causes weight loss (though
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Bundles of PET
bottles made using
the baling
machine. Note that
the different
colored bottles are
bundled separately

aluminum
caps that
are
removed
are sold
at Rs 60-70
per kg, there

are other
components like the PVC labels and other plastics parts that don’t fetch such high
returns). This weight loss (and the loss of income this causes) is called shortage.
Shortage is an expense that the trader has to bear. The traders sell to the recyclers at
Rs 30-31 per kg (for white PET bottles; green bottles yield a slightly lower rate; amber
PET bottles yield even lower).
Once the bales of PET bottles are made,
they are accumulated till a full load (8-

Costs incurred by the trader:

8.5 tons) can be transported to the

•

recycler. Many occasions, traders sell to

•

middlemen (agents) who aggregate
material from various traders and sell
forward. There are other reasons why

•
•

traders prefer these middle men: First
due to advance payment – the agent
pays the trader on the day after he takes

•

the load from the trader’s location. This

•

is not a trivial thing, as, if the trader

Godown rent: Rs 25,000 (typical
area of a few thousand square feet)
Labor: 1.5-1.75 Rs/kg (sometimes
labor is hired on a daily basis;
sometimes they are hired on a per kg
basis)
Electricity: 0.30 Rs/kg
Freight: 0.75 Rs/kg [more if from
afar]
Packaging: 0.50 Rs/kg (this is for
iron; PET scrap also used)
2% shortage: 0.60-1.00 Rs/kg

directly sells to the recycler; the trader
has to wait for weeks to get paid (transportation time, and the wait time to get the
payment released). Also most large recyclers deal (buy from) only with registered
vendors, meaning vendors who have a registered legal entity (proprietorship,
private limited company, partnership etc.) Sometimes, the traders who haven’t done
this sell their supplies to the agent to circumvent this requirement. The agent adds
Re 1/kg as a margin and sells forward.
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Figure 8: Various colored PET bottles the recycling process

The issue of shortage at the recyclers: Just as the traders face shortage when they get
material from the kabadiwallah, they also face it going forward. For example, the
material sent from the trader to the recycler’s facility, once it enters the factory
premises, is tested for moisture content (it is to be noted here that moisture content
also increases if the bales have been left outside and it had rained, trapping rain
water in between). Meaning a sample is taken and checked for a host of parameters,
moisture being one of them. If the moisture content is more than a 1-2%, then the
payment is reduced to account for the extra moisture content. This (a reduction of 45%) in the payment could cause a direct loss to the agent/trader (as the margins are
quite small when it comes to this business). Hence, there is always a tense moment or
two when the material is inspected and quality checked at the recycler’s facility).
This is also a reason why traders instruct their workers to remove bottles with large
quantities of residual liquid in them and drain out the liquids before baling them.
Soiled bundles
of PET bottles,
awaiting
transportation.

PET bottle bales could travel
(depending on the location of
the trader and the proximity to
a recycler) anywhere between
10-250 km. 250 km might seem

like a very large distance for the bales
to travel, but the economics works out
(the recyclers also factor this in when
they pay the traders, meaning that a
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trader who is supplying from a faraway distance gets a small premium paid (Rs 1
per kg) on top of the regular price.
STEP 4: AT THE PET RECYCLERS—SORTING (ONCE AGAIN), CLEANING,
FLAKING
Trucks carrying bales of PET bottles arrive at the recyclers. They are unloaded and
stocked in the lots adjoining the
wash line. Typically, at least
A typical truck
that arrives at
the recycler’s
facility,
carrying 8-8.5 T
of PET waste

a minimum of few days
worth of raw
materials are stocked.

The bales are
opened and
the sorting,
cleaning
process starts
all over again.

PET bottle
bales piled
wide and
high at the
recycler’s

The bales come packed in two
kinds of packing material: iron
strings and PET strap. The iron
strings sometimes pose a hazard for the person cutting them open—as the iron
strings are so tightly tied, when the worker cuts open them, they violently snap out.
If the worker doesn’t exercise caution, this could be potentially dangerous. PET strap
are also used for packing sometimes—the hazard of the wire snapping is not here.
Bales tied with
iron wires and
PET strap
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Bales
being
unpacked

The bottles are put through various
stages of manual, semi-automatic
and automatic sorting, cleaning
processes.

PET bottles
being fed
through label
removers

Passing the
bottles through
the dry trommel
removes any
loose parts

Passing under
a magnet—to
remove metal
parts, debris

Bottles fed
through the
conveyor to the
next section, for
further sorting
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First, the bottles are fed through a machine that does the first cut removal of all the
loose parts, labels etc. This is the first level of cleaning. Then the bottles are fed
through ‘dry trommel’ which, by rotation removes all the loose parts, labels etc. from
the bottles.
Then the bottles are fed through a conveyor and it passes through a magnet to
remove metal parts (rings, caps, springs that are used in spray bottles etc.). Then the
conveyor belt goes through a sorting bay, where a few persons stand on each side of
the conveyor trying to spot and remove any other plastic parts, metal parts, PVC
labels, parts, colored bottles etc. These objects once removed are thrown through a
chute and collected in bags and processed separately.

Bottles being
checked
manually, for
PVC labels, metal
parts, other
plastic parts

Colored bottles
and PVC
bottles, parts
removed
manually

A bottle with PP/PE
cap (left) and one with
aluminium cap – the
workers remove the
ones with aluminium
cap and let the other
pass
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And then the conveyor passes through a label blower to remove any loose labels,
scraps attached to the bottles. After which the bottles are passed through a
completely automated sorting machine, which through laser detection identifies nonPET items in the conveyor line and uses a directed air jet to remove those items
automatically.
Then the bottles are sent through crushers that shred the bottles (caps and non-PVC
labels included). The resulting product is called ‘flakes’. This is then dumped in
water. The bottle caps and labels (which are made of Polyethylene/Polypropylene),
which have a lower density than PET float up and are removed from the top—these
items are sold separately to recyclers.
The crushers
shred the
bottles
(including caps,
labels and neckrings)

Caps, neck
rings etc. made
of PP/PE
removed by
floatation

Passing
through
different
wash cycles

Waste
water from
hot wash
cycle
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Washed flakes –result of
shredding the bottles and
removing other
components-like caps,
rings, labels. White and
green washed flakes
resulting from recycling
clear and green PET
bottles separately

Then the flakes are sent through hot wash tanks, where they are washed with
chemicals and hot water to clean. The flakes are then sent through a series of hot
washes, turbo washes, rinsing tanks, dryers to systematically remove any other
contaminants in the flakes. The resulting flakes are called ‘washed flakes’ and appear
transparent and clean. Samples from these resulting flakes are quality tested to make
sure contaminants are within permissible limits.
This entire process is repeated (in a separate wash line) for green and amber bottles.
The resulting washed flakes are obviously green and amber in color.

STEP 5: AT THE MANUFACTURERS – TURNED INTO POLYESTER FIBERS
The washed flakes are used by manufacturers to make fiber, strap and for other
applications. Many of the large manufacturers who use recycled PET also have a
wash line in their plants—so that they procure bundles of used PET bottles directly
from the traders and make washed flakes in house. But, in some cases, they also
procure washed flakes from third party recyclers.
More than 95% of the recycled PET in India is used for making fibers.
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Washed flakes are fed through extruders, melted, and then passed through various
filters (to remove any residual contaminants, etc.) and then the melt is fed through
spinning units to make fibers. The spinning process varies for various types and
grades of fibers. For example, conjugated fibers used for filling
Polyester
fibers
produced
from
recycled PET

applications (pillows, soft toys etc.) are drawn out as hollow
fibers, and then crimped and
then cut (so as to make the
most volume out of given
amount of material). Similarly
other grades and types of
fibers are drawn, cut and sold
to manufacturers of yarn,
clothing and other
applications.

In India, we have documented 40 manufacturers, spread over 46 locations, with a
total capacity ~ 800 kTPA, individual plant capacities ranging from 3kTPA to 60
kTPA, use recycled PET for manufacturing various items.
One issue to be noted is that some manufacturers use a blend of recycled PET and
PET waste generated in industries (this is called PET popcorn, because the PET
waste, scrap etc. generated while manufacturing PET and PET articles are
accumulated and melted into agglomerates that roughly look like popcorn). There
are many reasons for this practice; the main one is the relatively easy availability of
‘PET popcorn’ and also the fact that since it results out of industrial processes, the
impurity levels in these materials are very low, and hence from a quality control
point of view poses much less problems
(as compared to buying washed flakes

Manufacturers using r-PET

made out of post consumer PET

40
46
800

bottles).

Manufacturers
Locations

kTPA Total Capacity
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Table 4: List of manufacturers using recycled PET as raw material
S. No.

Company name, location
1

Agarwal Polyfill Pvt. Ltd., Kolkata

2

Alliance Fibers Pvt Ltd, Surat, Gujarat

3

Allied Fiber, Kashipur, Uttarakhand

4

Amicotex, Solan, HP

5

Bhavesh Polymer, Nashik

6

Capitol Fibers Pvt. Ltd., Nashik

7

Ganesha Ecosphere (Raipur, Rudrapur, Bilaspur)

8

Himalaya Fibers Ltd, Solan (HP)

9

Mahalaxmi Spintex Pvt Ltd, Solan, (HP)

10

Nirmal Fibers, Moradabad (UP)

11

Obeettee, Pantnagar, Uttarakhand

12

Pacific Harish Pvt Ltd, Nashik, MH

13

Pashupati Fibers, Kashipur, Uttarakhand

14

Polyole Fiber Ltd., Daman

15

Rishisraj Filament Ltd, Kalapur (MH)

16

Shiva Texfabs Ltd (Ludhiana Punjab, Kalaemb HP)

17

Unitech Fibers, Tarapur (MH)

18

Aqua Fiber Industries, Mohali, Punjab

19

Badri Eco Fiber Private Limited, Bhopal

20

BLS Ecotec, Delhi

21

Dharmesh Textiles Ltd., Bhiwani, Haryana

22

Eminent Dealers Pvt. Ltd., Bhilwara, Rajasthan

23

Jaiambe Manufacturers, Bhayandar, MH

24

JB Ecotex, Surat, Gujarat

25

K. K. Fiber, Kaleamb, HP

26

Komal Fibers, Saregaon, Gujarat

27

NextGen Fibers Pvt. Ltd., Silvassa

28

Renaissance (Formerly Divine), Kutch, Gujarat

29

Reliance Industries Ltd. (Barabanki-UP, Hoshiarpur-Punjab,
Nagothane-MH)

30

Rizwan Export House,

31

RPG Industrial Products Pvt. Ltd., Meerut (U.P)

32

RSWM Ltd (LNJ Bhilwara Group), Rajasthan

33

Saroj Microchem, Mumbai

34

Shakti Polymer, Mumbai

35

Shree Renga Polymers, Karur Tamil Nadu

36

Shree Salasar Polyflex, Jaipur

37

Sulochana, Tirupur, Tamil Nadu

38

Suncity Synthetics Ltd., Jodhpur

39

Tejaria Polytex, Jaipur

40

Vishal Poly Fibers Pvt. Ltd., Surat, Gujarat
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Figure 9: Geographical distribution of the manufacturing units that use recycled-PET as
raw material

82% of the manufacturing units (by capacity) using recycled PET
as raw material are located in these 7 states—
UP, Uttarakhand, Gujarat, Maharashtra, Punjab, Rajasthan, Himachal
Pradesh
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Figure 10: State-wise distribution of manufacturing units (by capacity) using r-PET as raw
material

It is interesting to note (as shown in the above figures) that some regions in India
have a higher concentration of these manufacturing units that use recycled PET as
raw materials. UP, Uttarakhand, Gujarat, Maharashtra, Punjab, Rajasthan and
Himachal Pradesh alone contain over 82% of such manufacturing units (by capacity).
One of the main reasons for this is that these units predominantly produce polyester
fiber out of the r-PET. And the downstream manufacturers (who further use this
fiber to make yarn, fabrics etc.) are located in these states as well. Hence co-location
of facilities is one of the main reasons for this skew. Also, these regions (the western,
northern belt) are also quite populous and have high population density, hence are
regions where used PET bottles could be sourced relatively easily. This would
logically lead one to wonder, why there are large swaths of the country where such
manufacturing units are not located—does it mean that PET bottles don’t get
recycled in these places. To answer that question, one needs to further probe how the
economics and transportation economics of these products work (see inset in the
next page). Also, once the used PET bottles are converted to washed flakes, they
could be (without breaking the economics of the operation) could be transported to
as far as 600 km, as at this stage the value per kg of the washed flakes is at least 50%
higher than the value per kg of crushed, bundled PET bottles. This allows for the
recycling units (that convert used PET bottles into washed flakes) to be located
much farther out (closer to the centers of consumption) from the fiber spinning units
that use washed flakes as raw material.
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THE ECONOMICS OF TRANSPORTING USED PET BOTTLES
Used PET bottles are transported for processing, sorting etc., to the PET trader’s facility. PET bottles,
uncrushed, occupy lot of volume and this prevents them from being transported any further than 25
km without incurring significant costs.
Crushed, bundled PET bottles are transported to the recycling units. Once crushed and bundled, a lot
more of these bottles can be fit into a large truck (typically 8-8.5 tons per truck). This allows them to be
transported to a distance of even 250 km.
Once the used PET bottles are converted to washed flakes, they could be (without breaking the
economics of the operation) could be transported to as far as 600 km. Also, the value per kg of the
washed flakes is at least 50% higher than the value per kg of crushed, bundled PET bottles.
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ESTIMATING THE PERCENTAGE OF PET RECYCLED IN INDIA
In 2015-16, we estimate that the total combined capacity of all manufacturers who
operate in the organized sector and who use recycled PET for making fibers, strap
etc., to be around 810 kT. To arrive at this number, we spoke to various industry
sources and experts to find out what they estimate to be the production capacity of
various units listed above. That data was cross checked during interviews with
various traders who supply used PET bottles to these plants—the traders are in a
good position to comment on the capacity information, because they know what the
demand of PET bottle bundles in each of these plants per day is. So, the capacity
information was cross checked. Also the team searched public resources to verify the
location, existence of these plants and whether they are currently operational or not.
In essence, we could estimate that in the preceding year (2015-16) the combined
capacity of manufacturers using recycled PET as raw materials is ~810 kT.
We believe (based on our interactions with industry sources and experts) a small
percentage of virgin PET and/or popcorn PET waste is blended in some of the
plants. To account for this, we consider that 7.5% of virgin PET is blended along with
recycled PET for manufacturing these items.
And assuming a realistic capacity utilization of 55%, we calculate that these
manufacturing units produced ~ 410 kT of end products in 2015-16. We also need to
factor in yield losses—because while manufacturing there is always some material
loss at each stage of the process and for manufacturing 100 T of PET products, one
needs to feed in 107.5 T of raw material. Which means to produce 410 kT of end
products, these plants must have utilized 446 kT of post consumer PET bottles (not
counting the weight of the cap, neck ring, labels etc.).
We have also estimated that out of the PET resin produced, 95% is used for making
bottles and even within bottles they are used for a wide variety of applications. We
have estimated that it takes 12-13 months from the point virgin PET resin is
manufactured for it to reach the waste stream. (This would mean it would take 12
months to convert the PET resin into performs, bottles, use it to package various
liquids, and each of those applications have a different shelf life, and for those
products to be used by the consumers and then discarded into the waste stream.)
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So the PET resin produced in
2014-15 would have taken 12
months to reach the waste
stream. In 2014-15, we estimate
710 kT of PET resin was used to
manufacture bottles. We arrived
at this number the following way:
We took the total production of
PET resin in India, added to this
the imported PET resin, deducted
the exported PET resin—this
number was 774 kT. From this

60-70% of
PET consumed in
India is recycled
through the
organized sector

number, we estimate that about
3.5% of PET resin is used for non-bottle applications and since the recycling units
predominantly do only bottle recycling, we deduct 3.5% from 774 kT. Also we do a
further deduction of 5% from this number—this is to account for the fact that PET is
exported in many forms, some as resin itself (which is what he import/export data
captures). But some of it is also exported as performs and bottles and filled bottles
etc. For example, Manjushree Technopak is a large company involved in making
prefroms and bottles for various applications, derives 13.7% of their revenues from
exports (~8-9 kT per annum). After making all these corrections, we estimate that in
2014-15, ~710 kT of PET resin was used to make bottles. And they spent and average
of 12 months before reaching the waste stream. Since the 2015-16 data shows that 446
kT of post consumer PET bottles were used, this would mean 63% of the total PET
resin used in India for making bottles ends up being recycled through the organized
sector. There is of course some room for variations in this. Instead of assuming a
capacity utilization of 55%, if we assume 58% or 60% (which are all very reasonable
numbers and talking to sources in the industry, very realistic numbers as well), then
the percentage recycled number would go up. So, it would be safe to say that 60-70%
of PET resin produced in India for bottle applications is recycled through the
organized sector. It should be noted that this estimate does not include the recycling
of PET bottles done by the unorganized segment or account for the PET used in
manufacturing of straps, sheets and non-food containers. The overall recycling rate
of PET, if one includes the above categories, would be higher.
Table 5: Calculation illustrating how the % recycling rate was arrived at

Consumption of PET resin in Year 2014-15

774

% used in non-bottle applications

3.5%

Amount used in bottle applications

747
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kT
kT

Export of PET preforms/filled bottles; Imports that are textile

5%

grade, but is included in the import figures etc.
Amount of PET bottles used in India

710

kT

Average time it takes for the PET bottles (from resin

12

months

810

kT

production) to reach the waste stream
Total capacity of manufacturing units (fiber, etc.) using r-PET
in India
% of virgin PET used as blend

7.5%

Average capacity utilization

55%

Fibers utilizing r-PET produced by these units

412

Yield loss (incurred while converting washed flakes to fiber

7.5%

kT

etc.)
Postconsumer PET bottles needed to feed these plants

446

% of PET bottles recycled through the organized sector

63%

kT

What happens to the rest of the 30-40% of the PET waste generated (which is not
recycled in the organized sector)?
THE UNORGANIZED SECTOR
The process mentioned above portrays how the recycling process would work in the
organized sector. There are a whole array of small and medium units that produce
washed flakes of various qualities and grades that are once again fed into other
‘informal’ units that produce a range of polyester/PET products. For example, in
India, regulations do not allow recycled PET to be used in production of bottles
(refer to the section on regulations for more details). But there are units that utilize
recycled PET for production of bottles—mostly by mixing a % of recycled PET with
virgin PET in producing PET bottles. As can be guessed, it is difficult to ascertain or
comment on the number of such units, the volumes they handle etc. But they do
exist. If one inspects some of the bottles used by non-mainstream manufacturers for
storing oils, beverages etc., the use of recycled PET can be spotted by the slight
yellow tinge in such bottles.
The following figure illustrates a rough break up of what happens to the PET waste
generated
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Figure 11: How used PET bottles get recycled, re-used, discarded

PET bottles used for various other purposes (and hence don’t reach the waste stream
or reach the waste stream with a significant delay). PET bottles are used in
households for storing various other items, liquids, grocery items, pulses, powders
etc. Also, PET bottles are used for a variety of niche applications like vertical
gardens, decorative use, other innovative art & craft purposes etc. that their usage
lifetime is extended (and hence these PET bottles wouldn’t reach the waste stream in
the estimated 12-13 months).
A percentage of PET bottles end up in the landfill—though this is a result of
improper disposal or lack of segregation and other factors.
Since PET bottles are 100% recyclable and have intrinsic economical value these
bottles are get invariably picked up by the waste collectors. However, from the
recycling process perspective, to retrieve these PET bottles from landfill is not only
difficult and unhygienic it also reduces the quality of r-PET material produces
thereafter using such soiled raw material.
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CHAPTER 7: USES OF RECYCLED PET
For practical purposes, recycled PET (washed flakes from post-consumer PET
bottles) can be used for making any of the following products.

Polyester fiber fill denotes applications where short fibers are used to fill cushions,
pillows etc. Polyester Staple Fiber (PSF) is further used in making a wide range of
fabrics (clothing, upholstery etc.) POY (partially oriented yarn) is the filament form
of polyester that is used to produce texurized yarn that goes into making fabrics.
Even though all these products are feasible from recycled PET, there are some
technical issues that dictate the use pattern. The washed flakes typically have an
intrinsic viscosity (IV)—a measure of the molecular weight of the polymer-- in the
range of 0.60-0.75. As can be seen from the table below, PET used for making bottles,
sheets, masterbatch etc., has to have a higher IV. This gap (in IV of washed flakes
and bottles) can be bridged by subjecting the washed flakes to an additional step (of
solid state polymerization, which increases the molecular weight of the polymer and
hence the IV of the resulting material). This involves an additional cost.
In India, washed flakes are mostly (~95%) used to make POY, FF, PSF, non-woven
(these along with PFF, FDY, IDY are broadly termed fiber or fiber-based applications,
as fibers form the basic building blocks for these applications). [Even though
recycled PET is used for making bottles in many parts of the world, in India, the
regulations don’t allow recycled PET to be used for bottle applications.] The
following table gives the desired IV for various applications of PET and this decides
how the recycled PET will be used for which applications.
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Table 6: Various applications of PET and usage of r-PET in India*

Applications

Bottles
Sheets
Straps
Monofilaments
Masterbatch
Injection
moulded articles
PSF
PFF
NW
POY
FDY
IDY

Recycled
PET Used

Yes

Yes
Yes
Yes
Yes
Yes

Intrinsic
Viscosity
(dL/g)
0.76 - 0.88
0.76 - 0.84
0.84 - 0.92
0.66 - 0.76
0.76 - 0.84
0.80 - 0.84
0.60 - 0.64
0.60 - 0.64
0.60 - 0.64
0.60 - 0.64
0.60 - 0.64
0.92 - 1.0

* This pattern of applications of r-PET is specific to India. In Europe, US and Japan a large %
of the recycled PET is used to produce sheets, straps and bottles (see the chapter on Global
Trends for more details); PSF-Polyester staple fiber, POY-Partially oriented yarn, PFFPolyester fiberfill, FF-Fiberfill, NW-Nonwoven, FDY-Fully drawn yarn, IDY-Industrial yarns
More than 95% of recycled PET in India goes into fiber applications. The following
table illustrates roughly what are the types of fibers made of recycled PET are, what
is their relative weightage and the price points. Please note that such price
information is subjective to change and reflects the rough market trends when the
data was collected.
Table 7: Types of fibers produced using recycled PET in India and price points*

% or r-PET
used for fibers

Price points

PSF
78%
80 Rs/kg
Dyed Fiber
10%
110-115 Rs/kg
Conjugated Fiber
10%
105 Rs/kg
Green Fiber
2%
110 Rs/kg
* Prices vary; data collected during May-Nov 2016;
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SOME PRODUCTS MADE USING RECYCLED PET BOTTLES
Image Credit: sportskeeda.com, amazon.com, emirates.com

The jerseys
worn by the
Indian cricket
team during
the 2015 World
Cup

Pillows and
soft toys are
filled using
polyester
fibrefill—made
from recycled

Blankets
introduced by
Emirates
recently—made
from 100%
recycled PET
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CHAPTER 8: GLOBAL TRENDS

I

t is instructive to study how other countries approach recycling PET. To study
their approaches, strategies, regulatory frameworks that facilitate this etc. US,
Europe, Japan and China constitute a majority of the world PET market. This

section would analyze how each of these countries, regions tackle recycling of PET.
USA
NAPCOR is an industry association (The National Association for
PET Container Resources), representing the PET packaging
industry in the US and Canada. NAPCOR’s latest
report (released on 13th Oct 2016) states that in

2015, the total volume of PET bottles collected in
USA was 1,797 million pounds (815 kT) out of
total volume of available PET bottles in the
market for recycling of 5,971 million pounds (2708

Collection Rate (2014)

31%

kT). Out of which, 24% was exported to Canada,
and Asian countries. The domestic end-use of recycled PET dropped to 1421 million
pounds in 2015 from 1564 million pounds in 2014 10.
The following figure gives the breakup of how recycled PET is used in the US. As
can be seen apart from fiber and sheet applications, 29% of recycled PET goes into
making bottles (food and non-food applications).
Figure 12: End uses of recycled PET in USA 11
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EUROPE
Petcore, an industry body that publishes surveys and data
about the recycling of PET bottles in Europe has, through
its latest press release, stated that in 2015, the equivalent of
59% of PET bottles and containers placed in the market were collected for recycling 12.
It is worth noting that clear bottles only accounted
for less than 15% of the stream in Europe. What this
could mean is possibly that most bundles (85%+)
have both clear and colored bottles in them. This
points to issues in the sorting and collection
mechanism and obviously this strains the economics
of recycling 13.

Collection Rate (2015)

59%

The chart below provides data on how recycled PET has been utilized in Europe over
the last decade. Recycled PET is roughly used equally in making fibers, sheets and
bottles (predominantly in food contact applications).
Figure 13: End uses of recycled PET in Europe 14

Collection vs. Recycling Rate
It is to be noted that for US, Europe and Japan, what is reported here is the
collection rate, which indicates the % of bottles in use that were collected for
recycling. The recycling rate tends to be lower as a good percentage of used PET
products collected are exported to other countries.

40

JAPAN
In Japan, the recycling rate seems to be high and has
continued that way for years now. For example, in
2014, as per the statistics issued by The Council for PET
Bottle Recycling, Japan the collection rate for used PET bottles was 93% (with a
recycling rate of 82.6%) 15. In Japan, recycled PET is
predominantly used in making sheets and fiber
applications, with a small percentage (~15%) going
into making bottles.

Collection Rate (2014)

93%

Figure 14: End uses of recycled PET in Japan 16

Reasons for high PET recycling in Japan: One of the reasons is that the PET
manufactures adhere to the voluntary design guidelines that has been issued for
manufacturing and use of PET bottles for packaging applications—and these
guidelines are well thought out and have been written to ensure high recycling rates
of PET bottles by removing the bottlenecks (such as avoiding use of aluminum caps
and rings, PVC parts, and not using colored bottles etc. and using labels that leave no
residual adhesive on the bottles). The guidelines issued are reproduced in full below,
and warrants close study.
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Figure 15: Voluntary Design Guidelines (in Japan) for Designated PET bottles*, 17

*Successful implementation of these guidelines is one of the main reasons why the
collection rate of PET products in Japan is one of the highest in the world
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CHINA
The collection rate of used PET products in China has been
estimated to be around 83-84%18. China is one of the
largest importers of plastic waste in the world. So more
than recycling the waste generated in the country
(China), China accounts for 56% of the total global
imports (by weight) of plastics waste. By value this
number is $6.1 billion (this doesn’t include the
additional $ 1.6 billion imported through Hong Kong
SAR). 87% of the EU-27’s collected plastic waste is
imported to China. The report produced by the

Collection Rate (2014)

83%

International Solid Waste Association (A report from
the ISWA Task Force on Globalization and Waste Management, September
2014)makes the following assessment:
“scrap imports in China increased from 5.9 Mt to 8.9 Mt., whereas locally sourced
plastics currently re-covered (recycling and energy recovery) is almost double that
amount.”
“Remanufacturing of r-PET has a vibrant and well-developed end market in China
since PET bottles have been collected for recycling in China for decades. Most of
recycled PET bottles are converted into fiber, primarily spun yarn. Some are used for
non-woven fibers, filament fibers and fiberfill. A number of the amber and green
bottles are converted back into non- food bottles, and some non-bottle PET is used in
paints and wood varnishes. r-PET converted to fiber is mainly manufactured into
bedding, clothes, blankets etc.”

REST OF THE WORLD
The following figure presents the estimates of collection rates of used PET products
worldwide, by region 19. These estimates present a four year trend (2010-2014), and
were part of the presentation made by Petcore. Based on this data, the average
collection rate worldwide is around 50%, with China, Japan and rest of Asia
performing much better (much above the world average) than the rest of the world.
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Figure 16: Collection rates of used PET products worldwide, by region
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CHAPTER 9: SOCIO-ECONOMIC IMPACT

T

here are various ways in which recycling of PET bottles impacts society. First
and the most obvious ways is the reduction of the total solid waste that ends
up in landfills, thus creating enormous strain on the ecosystem. Without

recycling of PET bottles, much of this would either end up in landfills or used for
generating energy by incineration etc. But the conversion of PET bottles into
marketable items puts them back in consumption cycle again. Many of the end
applications for which recycled PET is used have a higher lifetime, meaning they get
used for at least a few more years and end up in the waste stream much later—thus
what recycling of PET bottles into fibers does is to extend the lifetime of these
materials by a few more years—thus reducing the strain on the raw materials needed
for making these materials.
Also, recycled PET apart from replacing some traditional virgin-PET products, also
has opened up new product lines and markets. For example, there are many clothing
lines and furnishing product lines whose USP is that they are made out of recycled
materials, thus creating new markets. And such certified products (made from
recycled PET) sell at a premium thus making it commercially attractive ventures for
all involved. For example Emirates has recently introduced blankets made from
100% recycled PET bottles 20.
REVENUE GENERATION
If one assumes that an average selling price of the materials made from recycled PET
to be around Rs. 75/kg (for a detailed break up, please refer to the section on Uses of
recycled PET), and from estimates (made in earlier sections) we know that ~450 kT of
PET is recycled in India in a year, we can estimate that the overall PET recycling
industry at least generates between
Rs 3000-4000 crores in a year. This
is only in the organized sector. The
overall revenue generation would
be much higher.
SOURCE OF EMPLOYMENT

Rs 3000-4000 Crore

- the annual turnover generated by
PET recycling operations in India
(in the organized sector)

Since much of the process of
collecting, sorting and bundling PET bottles is labor intensive, it also generates
significant amount of employment throughout the value chain. As discussed in
detail earlier, the value chain of PET recycling involves the waste collectors,
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kabadiwallahs, traders, recyclers and manufacturers. If we just consider one of these
links, PET traders, who source used PET bottles from kabadiwallahs, sort, clean and
bale PET bottles, we estimate that over 16,000 people are employed throughout the
year by these PET traders alone. This was estimated assuming that the average
volume needed by the recyclers in a year is 500 kT of PET waste (this number is
higher than the 450kT estimated to be recycled earlier because this includes the
weight of the caps, rings, labels, and other residual liquids in those PET bottles), and
based on the data gathered from the PET traders, we know that to operate a baling
machine (which can process in a year 360 T of PET bottles) a trader would have to
employ at least 10 workers and 2 supervisors. So for processing 500 kT in year, they
would have to employ at least over 16,000 people, year round.

This number is only for the traders. Obviously, as you move ahead in the value
chain, the number of people employed to process one ton of PET waste would
reduce as the processes are more mechanized and streamlined. Whereas, the
opposite would be true earlier in the value chain, i.e., at the waste collection and at
the kabadiwallahs, more people would have to be employed to procure and process
one ton of PET waste. In essence, PET recycling trade generates a significant amount
of jobs.
AVOIDING LANDFILL INCREASE
In the year 2015-16, roughly 446 kT of PET bottles were recycled in India in the
organized sector. If one assumes an average weight of 20 grams per bottle, that
amounts to over 22 billion bottles—which were recycled and hence prevented from
reaching the landfill or run-off into water bodies etc.
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Also, during this study it was clear that PET bottle waste is considered, across the
value chain, as high value plastic (due to various reasons, discussed in other
sections), and gets picked up by waste collectors readily. This forwards an argument
that PET should be considered to replace other plastics as the choice of packaging as
it obviously has an advantage of being more recyclable (in the existing conditions)
than other plastics.

Impact of Recycling PET
• Reduces landfill
• Generates significant revenue
• Generates employment
• Increases the lifetime of the raw material,
thus reducing overall use
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CHAPTER 10: REGULATIONS
USAGE OF RECYCLED PET/PET RECYCLING IN INDIA

B

ureau of Indian Standards has issued
standards/guidelines on how to recover and recycle
plastic waste and what kind of products could be

manufactured from recycled plastics
IS 14534: 1998: Guidelines for the recovery and recycling of
plastic waste. This standard prescribes guidelines for the selection, segregation and
processing of plastics waste/ scrap. This standard also prescribes guidelines to the
manufacturers of plastic products with regard to the marking to be used on the
finished product in order to facilitate identification of the basic raw material. It will
also help in identifying whether the material used on the end product is virgin,
recyclate or a blend of virgin and recyclate.
IS 14535: 1998: Indian Standard for

The following products are allowed to be
manufactured from recycled PET (as per
IS 14534: 1998 guidelines): Non food
containers for detergents, shampoos,
petroleum products, pallets, including
reusable packaging containers, film, sheet
for non-food applications, Carpets and
floor mats, playground equipment’s,
jacket, T-shirts, sports-wear, geotextiles,
tool handles, footwear, luggage, etc.

Recycled plastics for the manufacturing
of products – Designation. This layouts
the guidelines for identification and
classification of recycled plastics
materials (that is ready for normal use
without any further modifications) on
the basis of its basic properties and
applications.

PLASTIC WASTE MANAGEMENT (PWM) RULES, 2016 , INDIA
The government of India, through the
Ministry of Environment, Forest and
Climate Change notified the new Plastic
Waste Management Rules, 2016 (through a
Gazette notification dated 18 March 2016). This supersedes the Plastic Waste
(Management and Handling) Rules, 2011 that governed such activities earlier.
This provides the framework for how plastic waste generators, local bodies,
manufacturers, importers etc. to manage plastic waste. Also, the ministry has
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released documents that highlight what is new in the rules and some of its salient
features
SOME HIGHLIGHTS OF THE PWM RULES 2016
•

The 2011 rules applied only to the municipal areas, whereas, the 2016 rules
shall apply to every waste generator,
local body, Gram Panchayat,
manufacturer, Importers, and
producer.

•

The minimum thickness of the carry
bags (made of virgin or recycled
plastic) has been increased from forty
to fifty microns

•

Extended Producer Responsibility:
Earlier, EPR was left to the discretion
of the local bodies. Now, the

For example, now, waste generators
including individual and bulk generators
like offices, commercial establishments,
industries are to segregate the plastic
waste at source and handover the
segregated waste. Even persons
organizing public events like marriages,
religious gatherings, public meetings etc.,
have been made responsible for
management of the waste generated at
these events.

producers (i.e. persons engaged in
manufacture, or import of carry bags, multi-layered packaging and sheets or
like and the persons using these for packaging or wrapping their products)
and brand owners have been made responsible for collecting waste generated
from their products. They have to approach local bodies for formulation of
plan/system for the plastic waste management within the prescribed time
frame
•

Plastic waste, which can be recycled, shall be channelized to registered plastic
waste recycler and recycling of plastic shall conform to the Indian Standard:
IS 14534:1998 (for details, see above)

USFDA GUIDANCE
USFDA has released a document titled ‘Guidance for
Industry: Use of Recycled Plastics in Food Packaging:
Chemistry Considerations’ (Aug 2006), that outlines the
FDA’s current thinking and recommends issues that a
manufacturer of recycled plastic consider during the
manufacturer’s evaluation of a recycling process for producing material suitable for
food-contact applications.
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EU REGULATION
The European Union, after consulting the European Food
Safety Authority, issued the Commission Regulation (EC)
No 282/2008 of 27 March 2008 on recycled plastic materials
and articles intended to come into contact with foods.

JAPAN
The Containers and Packaging Recycling Law 1995 (consolidated in 2006) aims to
reduce the waste generated and promote efficient use of recycled containers and
packages 21, 22.
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CHAPTER 11: ORGANIZATIONS ASSOCIATED WITH PET
RECYCLING (GLOBAL)

The ABIPET, Brazilian of PET Industry Association, is a
non-profit organization that brings together the
productive chain of the PET industry: PET resin
manufacturers, manufacturers of PET packaging and its
recycling, representing about 80% of the PET industry in
Brazil. www.abipet.org.br

Australian Council of Recycling represents
various organizations involved in the recycling
business in Australia. www.acor.org.au/aboutacor.html

The Association of Plastic Recyclers is a trade association
representing companies that acquire, reprocess, and sell
the output of more than 90 percent of the post-consumer
plastic processing capacity in North America.
www.plasticsrecycling.org/about

China Plastic Recycling Association
(CPRA) is a branch of China National
Resources Recycling Association. It aims
to unite organizations and companies
involved in the plastics recycling industry
in China. replastics.org/index_en.php,
chinacrra.org (website of China National
Resources Recycling Association)

The council for Pet bottle recycling is an industry association in Japan
that represents a range of industries associated with PET used for
packaging. Their website: http://www.petbottlerec.gr.jp/english/council.html Their information on their site on
recycling rates (http://www.petbottle-rec.gr.jp/english/actual.html)
and voluntary design guidelines for PET bottles (http://www.petbottlerec.gr.jp/english/design.html ) are extremely informative.
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EPRO – European Association of Plastics
Recycling and Recovery Organisations is a
pan-European partnership of specialist
organisations that are working to develop and
deliver efficient solutions for the sustainable
management of plastics resources. There are
19 EPRO member organisations including 14
European countries plus South Africa and
Canada. www.epro-plasticsrecycling.org

The Japan Containers and Packaging Recycling Association: An
industry body that puts out data, information on all packaging
materials (glass, plastic-with separate section on PET, paper) in
Japan. The organization’s website jcpra.or.jp/english/ and their
statistics section are particularly useful.

NAPCOR is an industry association (The
National Association for PET Container
Resources), representing the PET packaging
industry in the US and Canada. A highly
useful site providing general information on
PET usage and recycling of PET. Their
. http://www.napcor.com/ And
website:
their latest report (released on 13th Oct 2016)
is available here
Petcore Europe is and industry association (based in
Brussels) that represents all the players in the PET value
chain in Europe (including manufacturers, converters,
packers, recyclers, etc.) The organization’s website:
http://www.petcore-europe.org/about-petcore-europe2 Though much of the information is available for
members, there is some public information, among
which this presentation is quite useful in giving an
overview of PET recycling in Europe.
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PETCO is the trading name of the PET Recycling Company NPC,
a company established in 2004 to represent the South African
PET plastic industry’s joint effort to self-regulate post-consumer
polyethylene terephthalate (PET) recycling. petco.co.za/who-weare/

Plastics Recyclers Europe (created in 1996) represents
plastics recyclers in Europe. Has over 120 members from
all over the EU. plasticsrecyclers.eu
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CHAPTER 12: ORGANIZATIONS ASSOCIATED WITH PET
RECYCLING (INDIA)

All India Plastics Manufacturers’ Association
(AIPMA)
AIPMA, instituted over 70 years ago, is one of the
oldest plastics industry associations in India, and
works to represent various stakeholders and
contributes to trade and industry policy and also
takes up issues related to recycling.
www.aipma.net
All Plastic Recyclers Association (APRA)
APRA, formed in early 2014 in Dharavi, Mumbai, represents all the
plastic recyclers operating from Dharavi. Website not available.
This news article outlines some of their activities.

Arts Alive Foundation
An NGO based out of Ahmadabad. Have set up PET
recycling kiosks in various cities. They started out with a
pilot in Ahmadabad railway station to collect, sort and
shred (after removing the caps, rings and labels) PET
bottles. They have since expanded to other cities like
Pune, Aurangabad etc. www.aaf.ngo

Biocrux India is a private company that has installed
PET bottle crushing machines in various locations
like malls, public places, office buildings etc. PET
bottles are inserted in these machines and they get
crushed (along with the caps, labels, and rings) and
the resulting flakes are sold to various buyers.
www.biocrux.co.in

ENVIS Centre on Management of Plastic, Polymer
Wastes and Biopolymers (Hosted by Indian Centre for
Plastics in the Environment, Mumbai) Sponsored by
Ministry of Environment, Forests & Climate Change,
Govt of India www.icpeenvis.nic.in

54

PET Packaging Association for Clean Environment (PACE) is an
industry body (with its headquarters in New Delhi) that represents
various PET manufacturers, bottlers, processors, recyclers in India.
PACE represents the whole PET value chain—from resin to
recycling. PACE aims to act as a catalyst to enable the PET packaging
industry to play an increasingly significant role in the growth of the
Indian national economy and GDP, by providing employment
opportunities and driving Income growth.
http://www.paceindia.org.in/

PET Container Manufacturers Association (PCMA)
PCMA is an industry body (with its headquarters in
New Delhi) that represents various stakeholders and
works on issues related to policy, recycling of PET etc.
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CHAPTER 13: CONCLUSION, RECOMMENDATIONS

P

ET is clearly one of the most recycled plastics in the world. This trend seems
to hold up in the case of India as well. And there are several factors unique to
India that seem to work in favor of PET recycling, all of which results in the

fact that 60-70% of the PET bottles used are recycled in the organized sector alone. It
should be noted that this estimate does not include the recycling of PET bottles done
by the unorganized segment or account for the PET
used in manufacturing of straps, sheets and non-food
containers. The overall recycling rate of PET, if one
includes the above categories, would be higher.

The recycling rate
of PET in India, at
60-70%, is more

There are several factors that enable successful
recycling of PET. First the properties of PET resin
used for bottle application are so superior (in terms of

than that of US
and Europe

the strength, intrinsic viscosity etc.) that during
recycling, even after melting the washed flakes they
still could be spun into fibers without going through any specialized additional steps
like solid state polymerization etc. Second is the price points of the materials made
out of recycled PET. Materials made out of recycled PET sell between Rs 50 -110 per
kg. This provides a huge incentive to various players along the value chain of PET
recycling to find good quality PET waste to recycle. This economic incentive that
exists through the value chain starting from the waste collectors to kabadiwallahs to
PET traders to recyclers to manufacturers is what propels the entire industry forward
and has created a huge market. We have estimated that PET recycling industry in
India is at least worth Rs. 3,500 crores.
To put things in perspective, in Europe only 59% of PET bottles in circulation are
collected. Out of which a majority are exported to other countries like China etc. for
recycling. Also, it is instructive to note that only 15% of the PET bales constitute
solely of clear bottles – which points to how difficult it is to establish, streamline and
maintain the quality standards and requirements that would supply good quality
uniform material to the manufacturers using recycled PET. In India, contrastingly,
the sorting (of clear and green and amber bottles) happens without fail. This is not a
fluke or due to chance factors. This has been achieved by training the PET traders on
what kind of sorting and cleaning is required at the recyclers and everyone in the
value chain being sensitive and attuned to the needs of the others, and adopting
systematic processes to achieve those goals. Many of the recyclers worked diligently
with the PET traders, training them, sensitizing them over the years to achieve this

56

kind of quality control and ensured good raw material supply. And that is one of the
reasons why India could achieve such above average recycling rates.

RECOMMENDATIONS
More can be done to increase the recycling rate of PET in India. For example, the
PVC labels used in PET bottles need to be removed before PET bottles could be
shredded and recycled. A good amount of resources are directed at doing this during
the recycling process. Even though bottles with PVC labels are being recycled
currently, using labels made of alternate materials (PP, PE, PET) would make this
process simpler. Different colored PET bottles are collected, sorted and recycled—all
these different colored PET bottles are fully recyclable. Full-body sleeves may help
avoid adding color and can be removed prior to the bottles being recycled. One can
also learn from the Japanese model and self-regulations that are in place in Japan.
The voluntary design guidelines followed in Japan (see Chapter 8, Figure 15 for more
details) gives detailed suggestion as to how to design a PET bottle to increase the
possibility of it being recycled—these guidelines include choice of material, design
interventions etc. These guidelines are one of the factors why in Japan collection
rates of more than 90% of used PET bottles are achieved.
Even though PET bottles are considered high value plastics by waste collectors, and
get picked up from the waste stream quite systematically, there are many problems
that are generic to solid waste management in India that impedes this process. If the
bottles are not deposited in the waste receptacles and discarded at will (out of a car
window or a train or bus window etc. or thrown at inaccessible places) then those
PET bottles might never get collected. But segregation of solid and dry waste,
appropriate disposal of waste etc., as mentioned earlier are generic to all solid waste
in India, and unless some of those problems are addressed and solved, we might not
be able to achieve a very high recycling rate of PET.
Other solutions, ideas that have worked in other countries include charging a small
fee that the user can get reimbursed when they deposit the PET bottles in the
recycling facilities, collection centers, shops etc.
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Recommendations to increase recycling of PET in
India
• By using labels (applied on PET bottles) made of PP, PE or
PET
• Using sleeves, labels designed to avoid application of
adhesives on the PET bottles
• Encourage users to segregate waste by dry and wet waste
before disposal
• Encourage users to not litter, and deposit the PET bottles in
waste receptacles
• Charge a small refundable fee for bottles to ensure they are
returned to the shops/vendors
• Establish more recycling units across India, particularly in
areas (south, west, north east and central India) where only
a few such units exist today—enabling easy transportation
and an economical recycling process

A dedicated website that contains much of the findings of
this study and report has been created

www.petrecycling.in
which presents extensive information on PET recycling in
India, global trends, regulatory issues and new
developments in this space
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