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Preface

Economic growth and changing consumption and priglu@atterns are resulting into rapid
increase in generation of waste plastics in theldvarhe world’s annual consumption of plastic
materials has increased from around 5 million tenimethe 1950s to nearly 100 million tonnes;
thus, 20 times more plastic is produced today th@ryears ago. This implies that on one hand,
more resources are being used to meet the increlaseand of plastic, and on the other hand, more
plastic waste is being generated. In Asia and Hwfie, as well as many other developing regions,
plastic consumption has increased much more themwthld average due to rapid urbanization and
economic development.

Due to the increase in generation, waste plastedacoming a major stream in solid waste.
After food waste and paper waste, plastic wastthésthird major constitute at municipal and
industrial waste in cities. Even the cities withvleconomic growth have started producing more
plastic waste due to increased use of plastic gaicgaplastic shopping bags, PET bottles and other
goods/appliances using plastic as the major comyone

This increase has turned into a major challengeldoal authorities, responsible for solid
waste management and sanitation. Due to lack efjiated solid waste management, most of the
plastic waste is neither collected properly norpdged of in appropriate manner to avoid its
negative impacts on environment and public heattth waste plastics are causing littering and
choking of sewerage system. Due to extremely loagods required for natural decomposition,
waste plastic is often the most visible componentaste dumps and open landfills.

Plastic waste recycling can provide an opportutatgollect and dispose of plastic waste in
the most environmental friendly way and it can leewerted into a resource. In most of the
situations, plastic waste recycling could also benemically viable, as it generates resources,
which are in high demand. Plastic waste recyclitgp éhas a great potential for resource
conservation and GHG emissions reduction, suchraduping fuel from plastic waste. This
resource conservation goal is very important fostad the national and local governments, where
rapid industrialization and economic developmerutting a lot of pressure on natural resources.
Some of the developed countries have already ésttabl commercial level resource recovery from
waste plastics. Therefore, having a “latecomergaathge,” developing countries can learn from
these experiences and technologies available o.the

UNEP has developed a programme on integrated salgle management to support capacity
building and technology transfer and under whicket of guidelines on development of ISWM
Plan (four volumes available on linéttp://www.unep.or.jp/ietc/spc/activities/activityapacity-
bldg.asp have been prepared.




Recognizing the importance of particular wasteastre and to build the capacity for the
design and implementation of projects on the caigarof waste into material/resource source,
UNEP has also developed guidelines for the chatiaate®on and quantification of specific types of
waste, the assessment of waste management systdnesrapendiums of technologies for various
types of wastes.

This document pertains to the methodology for waptastics characterization and
guantification (mainly for conversion into resoufael) and the assessment of current waste
management system including the identification apgtherein. It is aimed to raise awareness and
assist policy — makers and managers on the calleetnd analysis of data to generate a baseline on
waste plastics to further develop viable businespgsitions for converting waste plastics into
fuels and to identify, assess and select Enviromah&ound Technologies (EST) suitable for local
conditions.

This document can also be of interest to otherrésted parties/organizations that aim at
supporting decision-makers. They may be:

» consultants working on urban services, recyclorgvaste management;

» representatives or staff of other local stakéér including community groups, NGOs,
and the private sector;

* entrepreneurs wishing to expand or strengtheim folid waste portfolios;
« academicians and scholars in urban environmemakbgement;

* the press, especially when seeking backgrourtdrats;

donors interested in supporting future wasteagament activities; and

* local experts interested in using or replicating results.
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1. Introduction

1.1 Overview
The aim of these guidelines is to provide a metlaglofor the collection of baseline data

for a potential project on converting waste plastitto a resource/fuel. The guidelines have been
prepared to facilitate the collection of information waste plastics, which could be recovered
either from mixed waste or directly at source fralhfferent waste generating sectors, viz.:

domestic, commercial, industrial, construction addmolition, and WEEE/E-waste. These

guidelines are also expected to help in estimatimgtrend of waste plastics generation by each
generator type or sector as per demographic andesmmomic trends of solid waste generation
rates.

It is important to put into context the waste glasigeneration in relation with the overall
solid waste generated. Quantification and charaetigon of the solid waste stream as a whole is
recommended prior to focusing on waste plasticsthey, plastics to fuel conversion technologies
may require the mixing of waste plastics with oigawaste, including paper and wood, as
additional feedstock; hence the guantificationtese streams of waste will also be useful to be
known (Please refer to the following guideline "Bkping Integrated Solid Waste Management
Plan — Training Manual Vol. 1: Waste Charactermatand Quantification with Projections for
Future" http://www.unep.or.jp/ietc/SPC/publicaticasp).

These guidelines for waste plastics could be usedtand alone set of guidelines, if the
target is to characterize and quantify only wagdéstrs, or could be used as an additional set of
guidelines to narrow down the characterization gudntification of solid waste with reference to
waste plastics.

1.2 Importance of data collection
The data on current and future trends of waststiptais the basic requirement to develop a

viable system for converting waste plastics intesource (energy or useful material). Information
on quantities, types and quality of the waste flass necessary to determine the technology to be
used, its size, specification of equipment and taafdhl aspects of the system such as the vehicles
for collection, buildings and stockyards. The dati#l also ultimately help in working out the
economic feasibility of the planned business.

1.3 Roadmap
As a starting point for the baseline data comipifait is very important to set the boundaries

and plan the data collection and analysis procedoedore hand. Figure 1.1 presents the roadmap
to follow for the data collection and its analyditis roadmap is divided into the following steps:

1. Setting the boundaries: Clear definition and demarcation of geo-politicaind
administrative boundaries based on the sector@and/ste generators (Chapter 3); and



2. Setting the procedures for data collection, analysiand presentation: termining the
number of samples for primary data collection, tdgimg the sites and timing for sample
collection, selecting the methods for the analysisthe samples, and choosing the
methodology for analysis and presentation of tha (@hapter 4).

The procedure for the data collection might diffecording to the waste generator sector
that is targeted, as well as the specific wasteastr such as Waste Electrical and Electronic
Equipment (WEEE) or Construction and Demolition [@8&wvaste. Guidance on this regard will be
provided in the following chapters:

* Municipal solid waste (residential and commercial)(Chapter 5)
* Industrial solid waste (non-hazardous):(Chapter 6)
WEEE/E-waste: (Chapter 7)

Construction and Demolition (C&D) Waste

In developing countries, C&D waste may not contibstantial portion of waste plastigs,
however it might be present in the form of packggmmaterials or parts of equipment or materigls
itself (e.g. pipes). Segregation of the plastiasnfrother streams of waste is recommended. In
addition to it PVC should also be segregated fréimeoplastics as a separate stream.

Hazardous Waste

It is recommended that wherever waste plasticsraxed or contaminated with hazardops

waste, then that portion of the waste (which inekithe waste plastics), is treated as hazarglous

waste. Please refer to tfidelines for Integrated Solid Waste Management (ISAVM), which are
available separately.
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2. Plastics

2.1 Overview

Plastics are polymers, a very large molecule madefusmaller units called monomers
which are joined together in a chain by a procedea polymerization. The polymers generally
contain carbon and hydrogen with, sometimes, atl@ments such as oxygen, nitrogen, chlorine or
fluorine.

There exist natural plastics such as shellac, ismsbell, horns and many resinous tree saps
but the term *“plastic” is commonly used to refer dgnthetically (synthetic or semi-synthetic)
created materials that we constantly use in ody di&@es: in our clothing, housing, automobiles,
aircraft, packaging, electronics, signs, recreatiems, and medical implants to name but a few of
their many applications.

These plastics are not just polymers which can b&led or extruded into desired shapes
but often contain additives that improve their parfance. According to the polymer used, the
synthetic and semi-synthetic plastics can be desigmth a broad variation in properties that can
be modified by the addition of such additives. S@dditives include the following:

= Antioxidants — added to reduce the effects of oryge the plastics during the ageing
process and at elevated temperatures.

= Stabilizers — in many cases used to reduce theofatkegradation of polyvinyl chloride
(PVC).

= Plasticizers or softeners- used to make some paol/mere flexible, such as PVC.

= Blowing agents —used to make cellular plastics sicfoam.

= Flame retardant —added to reduce the flammabifiplastics.

= Pigments —used to add color to plastic materials.

2.2 Thermoplastics and Thermosets
Synthetic and semi-synthetic plastics can be ddideto two broad categories:
thermoplastics and thermosets.

Thermoplastics are plastics that can be repeatedly soften antivaneln heat is applied and
they solidify into new shapes or new plastics patsluwhen cooled. Thermoplastics include
Polyethylene Terephthalate (PET), Low Density PBiylene (LDPE), Poly Vinyl Chloride
(PVC), High Density Poly Ethylene (HDPE), Polyprtenye (PP) and Polystyrene (PS) among
others.

Thermosets or thermosettingsare plastics that can soften and melt but take@estaly
once. They are not suitable for repeated heatntexats; therefore if heat is reapplied they will not
soften again but they stay permanently in the shiagiethey solidified into. Thermosets are widely
used in electronics and automotive products. Theanhglastics contain alkyd, epoxy, ester,
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melamine formaldehyde, phenolic formaldehyde, ailic urea formaldehyde, polyurethane,
metalised and multilayer plastics etc.

Of the total post-consumer plastics waste in Intharmoplastics constitute 80% and the
remaining 20% correspond to thermosets. Similacgregages are also representative in the rest of
the world.

2.3 Most Common Plastic Types

Plastics are classified on the basis of the polyfren which they are made, therefore the
variety of plastics it is very extensive.

The types of plastics that are most commonly reggsed are polyethylene (PE),
polypropylene (PP), polystyrene (PS), polyethyléeeephthalate (PET) and polyvinyl chloride
(PVC).

= Polyethylene (PE)- The two main types of polyethylene are low-dgngiolyethylene

(LDPE) and high density polyethylenelDPE). LDPE is soft, flexible and easy to cut, with

the feel of candle wax. When it is very thin ittiansparent; when thick it is milky white,

unless a pigment is added. LDPE is used in the faatuwre of film bags, sacks and
sheeting, blow-moulded bottles, food boxes, flexigiping and hosepipes, household
articles such as buckets and bowls, toys, telepbabk sheaths, etc. HDPE is tougher and
stiffer than LDPE, and is always milky white in ool even when very thin. It is used for
bags and industrial wrappings, soft drinks botttetergents and cosmetics containers, toys,
crates, jerry cans, dustbins and other househbtdes:

= Polypropylene (PP)- Polypropylene is more rigid than PE, and cabéxt sharply without
breaking. It is used for stools and chairs, highliqy home ware, strong moldings such as
car battery housings and other parts, domesticiaapyas, suitcases, wine barrels, crates,
pipes, fittings, rope, woven sacking, carpet bagkimetting, surgical instruments, nursing
bottles, food containers, etc.

= Polystyrene (PS) In its unprocessed form, polystyrene is britttel usually transparent. It
is often blended (copolymerized) with other materta obtain the desired properties. High
impact polystyrene (HIPS) is made by adding rubPetystyrene foam is often produced by
incorporating a blowing agent during the polymetitaa process. PS is used for cheap,
transparent kitchen ware, light fittings, bottlesys, food containers, etc.

= Polyethylene Terephthalate (PET)- PET exists as an amorphous (transparent) amd as
semi-crystalline (opaque and white) thermoplastitarial. Generally, it has good resistance
to mineral oils, solvents and acids but not to ba3#e semi-crystalline PET has good
strength, ductility, stiffness and hardness while amorphous type has better ductility but
less stiffness and hardness. PET has good bamigrepies against oxygen and carbon
dioxide. Therefore, it is utilized in bottles folimaral water. Other applications include food
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trays for oven use, roasting bags, audio/videostgzewell as mechanical components and
synthetic fibers.

= Polyvinyl chloride (PVC) - Polyvinyl chloride is a hard, rigid material,lass plasticizers
are added. Common applications for PVC include lémttthin sheetingtransparent
packaging materials, water and irrigation pipedtegs, window frames, building panels,
etc. If plasticizers are added, the product is kmaw plasticized polyvinyl chloride (PPVC),
which is soft, flexible and rather weak, and isdige make inflatable articles such as
footballs, as well as hosepipes and cable coverisgses, flooring, raincoats, shower
curtains, furniture coverings, automobile liningsttles, etc.

Other plastics extensively used in our daily liees as follow:

= High Impact Polystyrene (HIPS) —used in fridge liners, food packaging, vending cups

= Acrylonitrile butadiene styrene (ABS) — used in electronic equipment cases (e.g.,
computer monitors, printers, keyboards), draindage.p

= Polyester (PES) -used in fibers, textiles.

= Polyamides (PA) (Nylons) -used in fibers, toothbrush bristles, fishing linader-the-hood
car engine mouldings.

= Polyurethanes (PU) -used in cushioning foams, thermal insulation foesnsface coatings,
printing rollers.

= Polycarbonates (PC) -used in CDs, eyeglasses, riot shields, securitydowirs, traffic
lights, lenses.

= Polycarbonate/Acrylonitrile Butadiene Styrene (PC/AS) - A blend of PC and ABS that
creates a stronger plastic. Used in car interidrexterior parts and mobile phone bodies.

2.4  Film/Soft — Rigid/Hard Plastics

One common classification with regards to waststpla is rigid/hard and film/soft plastics.
Plastic films are technically defined as plastitdso thicknesses of up to 0.0254 mm, or 2.
However it is usually referred to plastics whick &rpically thin items, pliable sheets or collapesib
tubes (e.g. shopping bags, trash bags and packagitegials for many different products).

On the other hand rigid plastics have the propetiiebe sturdy and self-supporting (e.qg.
cosmetic and toiletry bottles, soft drink and wadtettles, basins, pails, trays, various containeis
many others).

The most common polymer used in film plastics i ldensity polyethylene (LDPE) and
shrink wrap, which is a linear low density polyd#ne (LLDPE) designed to stretch. HDPE is also
extensively used. PP film is commonly used to pgekaigarettes, candy, snack food and sanitary
goods. PVC film is used in some bags and linefsel& adhesive tape and to package fresh red
meats. PET films is found in nonfood, non-packagaggplications such as magnetic audio,
photographic film and video recording film.
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Similarly, rigid plastics are composed of a broadety of polymers (e.g. In agriculture the
most used resin types are mainly HDPE, PP and Bi®ntn products are nursery pots, trays, flats,
tray inserts, baskets and hangers, pails and barrel

This classification (film-rigid plastics) is basexh common properties/features of the
plastics but does not refer to the compositiorhefrnaterial.

Please refer to Annexure 1 for a classificationrigid and non rigid packaging plastics.
Furthermore, definitions of various types of wagstestics are shown in Annexure 2.

2.5 Plastic/Resin Identification Code

The Society of the Plastics Industries (SPI) dgwedbin 1988 the resin identification code
to facilitate the recycling of post-consumer plestby providing manufacturers a consistent and
uniform system to identify the resin content ofgpia bottles and containers. The SPI coding, by
which a number is recorded within the plastic iteanspecify the type of polymer used in its
manufacture process, focused on the plastic pasgaghmmonly found in the residential waste
stream. The majority of plastic packaging is matfiesio type of polymers such as polyethylene
terephthalate (PET or PETE); high density polyethgl (HDPE); polyvinyl chloride (PVC or
vinyl); low density polyethylene (LDPE); polyprogyle (PP); or polystyrene (PS). Therefore SPI
resin identification code assigned each of thesssea number from 1 to 6. Additionally this
system included a seventh code, identified as fbihdicating that the product in question is made
with a resin other than the six listed above, an&le of more than one resin used in combination.

L‘.) L%) L%.\ L“.) &”A LGA UA
PETE HDPE PV LDPE PS OTHER
Figure 2.1: Plastic Identiation Code

Unfortunately the Plastic/Resin Identification Code not world wide used and this
classification is not followed in most of develogioountries where usually the waste plastics are
either covered under one category, “plastics” ar bategories, “rigid and soft/film plastics”.

References:

= http://www.plasticsindustry.org/

= http://plasticulture.psu.edu

= Understanding Plastic Films: Its uses, benefits Afaste Management Options. Prepared
for the American Plastics Council by Headley P@hsulting. Dec 1996.

= http://www.sdplastics.com/plastics.html

= http://www.ciwmb.ca
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3. Plastic Waste Quantification and Characterizatio —

Preparation for Data Collection

3.1 Setting the Boundaries

The first step for data collection is to cleargt the boundaries in terms of geographical and
administrative coverage, waste generation sectoriset covered and identification of the waste
plastic generators.

3.1.1 Setting Geographical Size of the Area and Zorg
A map is required from local authorities which ntides the geographical and
administrative boundaries with geographical arehland zone planning.

= Population Size and Growth
Time series data of the population and futuregmtigns along with the distribution of the
population among various zones is required.

= Socio-Economic Patterns
The information on socioeconomic patterns is neglito assess their influence over the
current and future waste plastics generation lemetstrends. There is a strong correlation between
the economic growth, or the rate of urbanizatiod snustrialization, and the generation of waste
plastics in developing countries. Currently thesean increase in goods predominately made of
plastic instead of other materials: an increasglastic packaging, refrigeration of foods wrapped
in plastics, take away foods, plastic bags provislegdhopping malls, etc.

= Size and Number of Industries and Commercial Undegkings
The information on the size and number of indastand other commercial undertakings,
according to their type or clusters as per indabktdlassification (an example of industrial
classification is shown in chapter 6), is requitedformulate the data collection strategies, as
various types of clusters may generate specifiegygnd specific quantities of waste plastics.

= Administrative Boundaries and Responsibilities
The information on the administrative roles ofigas departments and their jurisdiction
will be required as baseline information on thditn8onal arrangements and institutional gaps that
need to be filled in to effectively manage wastaspts. This information will also cover the
responsibilities of various actors (government,ustdy, service providers and community) in the
collection, transportation, treatment, recyclingydadisposal of the waste plastics. This would

14



further help to estimate the types and quantitfegaste plastics generated at its origin, trangabrt
to the disposal site, and/or recycled.

3.1.2 Defining Waste Generating Sectors

= Municipal Waste

Depending on the administrative boundaries, mualcipaste may only cover residential
and commercial waste or it may also include urbgncaltural waste and/or industrial waste from
canteens/restaurants, residences and offices withiindustries (non-hazardous waste). Therefore,
the term “municipal waste” has to be defined bamethe existing regulations and practices within
the specified geographic location.

Usually in most developing countries, municipasiti@ére responsible for the collection and
disposal of municipal waste from residential arehde other sectors (commercial, industrial, and
agriculture) make their own arrangements to trarisih@ir waste to the municipal disposal sites
(landfill and incineration plants), if they are@iled to dispose their waste at municipal facilities
and pay the subsequent disposal charges.

If within the municipal waste there are separategaries for residential and commercial
waste, and they are collected separately, thesxiéddommended that the collection of the data is
done under separate categories and not as muncgsé as a whole.

= Residential Waste

Residential waste generated by households, sudingke-family houses or multi-family
buildings, is comprised of different streams of tgaa which waste plastics is included.

Usually the municipality is responsible for theleotion and transportation of the residential
waste, thus it is treated as municipal waste; hewda some countries, the collection and
transportation of waste from multi-family buildingsuld be the responsibility of the residents. In
some countries there are regulations on segregatisource for the recyclable waste or in other
cases without any regulation informal recycling ursc Information on this type of regulation or
information is vital to estimate the overall quantand quality of waste plastics for designing a
recycling facility.

= Commercial Waste
In many places, waste plastics, as part of thehamardous commercial waste generated by
the commercial entities (shopping malls, markeffices etc.) is considered as municipal waste and
therefore collected by the local government or roipaility. However in many cases waste
generators arrange its collection through the peiwctor. Either way, businesses might segregate
the waste plastics and sell them to recycling congsa This information would help to estimate the
overall quantity and quality of waste plastics &indl disposal.
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= Industrial Waste

Industrial waste can be both, hazardous and noartiaas. Usually, industrial waste is not
considered as municipal waste; however, in someeplathe non-hazardous portion of the waste
(where waste plastics is included), is disposedtahunicipal disposal facilities. In this case, the
industries make arrangements for the transportaifoine waste to the disposal facility and they
may pay disposal charges. Some or all of the walatics generated by industries may be directly
sold to recyclers. Hence this information woulduseful for designing a recycling activity in the
city.

= Construction and Demolition (C&D) Waste
In developing countries, C&D waste may not contsubstantial portion of waste plastics.
However, this should be confirmed locally as wsllthe arrangement for collection, transportation
and disposal (recycled or disposed at landfill).
Segregation of the plastics from other streamsadtevis recommended. Additionally PVC should
also be segregated from other plastics, as a depsraam.

= WEEE/E-Waste

Waste Electrical and Electronic Equipment (WEEEEevaste is one of the fastest growing
waste streams in the world. In developing countilesChina and India, though annual generation
per capita is less than 1 kg, it is growing at mpo@ential pace. Composition of WEEE/ E-waste is
very diverse and differs in products across diffeategories. It contains more than 1000 different
substances, which fall under “hazardous” and “namandous” categories. Broadly, it consists of
ferrous (50%) and non-ferrous metals (13%), plast@i%) and other constitutes like glass, wood
& plywood, concrete and ceramics, rubber etc. Uguahost of the plastic components from E-
waste are dismantled and sold to recyclers. THanmation would be vital to assess the overall
guantity and quality of waste plastics availabléhi a city.

3.2 Collecting the Information Required
In addition to setting the boundaries and speuifythe sectors it is important to collect the
information related to policies, national classftions of materials (and industries) and any other
information locally available regarding to waste general and waste plastics in particular.
Therefore, for a particular city or region, theamhation to be collected prior the preparationhef t
field data collection is as follows:
I. Maps from local authorities identifying the geodrayal and administrative boundaries.
[I. Maps for land-use/zoning plans.
lll. Population size and growth: Time-series data witture projections, distribution of
population among various zones, number of singlffaand multi-family buildings and
average size of inhabitants.
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IV. Size and number of industries and commercial uallengs, which generate waste
plastics, as per national or local classification.

V. Regulations on solid waste in general and wastipain particular.

VI. List of plastic types. Identify local classificaticof the plastics if exist. Usually waste
plastics are classified as soft/film plastic argidiiplastic, and within this classification the
specific types such as PP, PE, PS, PVC etc sheuttttailed. Some countries, as it is the
case of Thailand, have developed methodologiessess waste plastics. Identification of
those guides is recommended.

VIl. Primary data on waste plastics and its proportiorthe overall waste (if such data is
available).

References:

= CASCADIA Consulting Group (2004 gtatewide Waste Characterization Sudy. California
Integrated Waste Management Board (CIWMB)

http://www.ciwmb.ca.gov/Publications/LocalAsst/34005.pdf (6 April 2006)

= Sky Valley Associates (2003)2002 Oregon Solid Waste Characterization and
Composition. Department of Environmental Quality, Oregon, USA.

http://www.deq.state.or.us/wmc/solwaste/wcrep/Rep@02Full.pdf (6 April 2006)

= CASCADIA Consulting Group (2003%uidelines for Waste Characterization Sudiesin the
Sate of Washington. Washington State Department of Ecology

= CASCADIA Consulting Group (2005)Provincial Waste Characterization Framework.
Government of Canada.

= http://www.recycle.ab.ca/Download/WasteCharFinalstepdf (6 April 2006)
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4. Plastic Waste Quantification and Characterization —

Data Collection, Analysis and Presentation

4.1 Overall Solid Waste Data Collection

Prior to the characterization of waste plasticis itmportant to put into context the waste
plastics generation in relation with the overallidavaste. Quantification and characterization of
the solid waste stream as a whole is desirabléatoetach stream of waste is segregated, weighted
and their data is recorded (Please refer to "Dewadpintegrated Solid Waste Management Plan —
Training Manual Vol. 1: Waste Characterization @dantification with Projections for Future”
http://www.unep.or.jp/ietc/SPC/publications.asp)r Ehe purpose of this guideline we will focus on
data collection for plastics as a segregated stream

4.2 Waste Plastics Data collection

The assessment of a potential project on the ceinreiof waste plastics into a resource
requires a detailed study of the composition of weste plastics being generated. However
extensive studies on waste quantification and dbaraation, including measurement and sample
analysis, could be costly, time consuming and carafd. Thus the design of the study should be
in line with available time, funds and skills; atwdthe level, where sufficient data could be made
available to take appropriate decisions to identi&chnologies and make techno-economic
feasibility studies leading to implementation aégk technologies.

The required information from the data collectiorbe analyzed is as follows:

1) Amount of plastics being generated within the gapgrcal boundaries delimited for the
project.

2) Amount of plastics reaching the transfer statiod #me disposal site as well as the
plastics being diverted for recycling.

3) Amount of rigid and soft/film plastics (if required

4) Further classification of plastic types to be aoleassess the technology suitable to the
plastics available and

5) Quality of the plastics (how clean/dirty they are).

It should be highlighted that this process for edling the information will also depend and
differ according to the location where the datdemion is taking place.

Once the details of what type of data collectiorraquired, the next step would be the
identification of the number of samples, timingsaimples, methods to cover seasonal variations,
sites for collection of samples and methodologasshmple analysis and data generation. For data
analysis, the important considerations would b@rmduce results, which are representative with
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high confidence levels with minimum costs, andftitere projections incorporating population and
socioeconomic growth, and technological developmEat data presentation (graphically and in
tables), the useful aspects would be to provideadlveurrent and future picture of the plastic veast

generation including the percentage of such str@éhin the overall solid waste stream as well as
its sub-categorization with respect to various $ypeplastics.

4.2.1 List of Plastic Types
The list of waste plastics types to be identifiradst be in accordance with the possible
identification of such types of plastics and/oagtordance with any methodology proposed by the
country or local/national regulations or practices.
The classification could be based on differenecidt such as:
a) Rigid and film plastics, if the level of informatio obtained through this
classification would be enough (which it is not aiyithe case).
b) Types of polymers used (PET, PP, PE, PS, etc)
c) Others, as containers, packaging etc. Example mieg®elow.

1 PET Containers

2 HDPE Containers

3 Miscellaneous Plastic Containers
Film Plastic*

4 Trash Bags
5 Grocery and Other Merchandise Bags
Non-Bag Commercial and Industrial Packaging
Film
7 Film Products

Other Film

Durable Plastic Items
10 Remainder/Composite Plastic

The most recommended categorization is based omyfgwogy of polymers used in the
manufacture process since each technology is hatstdsfor a plastic type and therefore this
information will be needed for the assessmentdirelogies.

Identification of plastic typology

Experienced and skilled persons can sometimesifigesrious types of plastics by visual
observation, feel and texture. However, due tcstivelar appearance or properties of some types of
plastics, in many cases it is difficult to identitye various types at a glance. A laboratory takt w
definitively characterize the typology howeveraincbe very costly.

Identification methodologies are to be applied aditw to the local situation in which the
data collection is taking place. Potential iden#fion methods are as follow:

i) According to the Plagtic Identification Code - Just possible if this code is used in the

area where the characterization is taking place.
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i) By the properties of the materials - Previous identification of main plastics materia
within the municipal waste by its properties andduct applications (Please refer to
Annexure 3: “Common types of plastics, propertied product applications”).

iii) Including waste pickers in the field team — They are experts on the characterization of
the plastics since each type of plastic has a mhagtae.

iv) Going back to the manufacturers - Previous identification of main plastics matéria
within the municipal waste by contacting the manctdeers. This is very time
consuming and the results are not very satisfadrye it is very difficult to identify
and classify all the plastics.

4.2.2 Number of Samples
The number of samples depends primarily on thewarsus its utility. For higher statistical
accuracy and confidence level, the number of thepses will be more. There are statistical
procedures to calculate the number of samplescht @anfidence level. Table 4.1 is an example of
the variation of materials in mixed solid waste ahd number of samples required to achieve
confidence levels of 95%, 90%, 80% and 70% respagt{RecycleWorlds 1994).
Usually, for solid waste data, it is recommendeddbthe number of samples according to a
confidence level (C.L) of approximately 80% (Casad2D03).

Table 4.1: Number of Samples for Waste Composition

Materials C.L 95% C.L 90% C.L 80% C.L 70%
Residential | Commercial | Residential| Commercial | Residential | Commercial | Residential| Commercial

Newsprin 224-2397 698-3563 58-600 170-991 16-150 48-22 9-58  21-101
Cardboar 899-1955 533-997 225-499 134-250 58-123 35-64 2766 17-30
Aluminum 275-1437 754-4399 70-350 191-1100 19-92 60-27 20-4  23-123
Ferrou: 194-554 552-3411 50-139 138-953 14-37 36-214 8-18 7-971
Glas: 145-619 596-2002 39-155 149-501 19-61 39-126 6-19 9-58
Plastic 261-1100 422-783 67-275 107-195 18-70 28-61 10-32 14-24
Organic 12-47 26-92 5-14 8-25 35 4-8 34 35

The difference in number of samples for residerstral commercial waste is due to the level

of variation in was