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GLOSSARY
Coloured HDPE – High Density Polyethylene with a coloured pigment commonly used
in shampoo and detergent plastic containers – Plastic Code 2
HDPE means High Density Polyethylene – Plastic Code 2
LDPE means Low Density Polyethylene – Plastic Code 4
Mixed Plastic means residual post consumer, rigid, mixed plastic containers after the
sorting of clear PET and natural HDPE. Depending upon the efficiency of the MRF
residual mixed plastic can contain a proportion of clear PET and natural HDPE which
has been missed by sorters.
MRF means Material Recovery Facility where post consumer kerbside collected
recyclable materials are delivered for sorting baling into respective commodities such
as paper, plastics, glass, aluminium and steel.
nHDPE – Natural High Density Polyethylene with a translucent appearance commonly
used for 2 litre milk of juice containers – Plastic Code 2
PET means Polyethylene Terephthalate - Plastic Code 1
PP means Polypropylene - Plastic Code 5
PS means Polystyrene – Plastic Code 6
PVC means Polyvinyl Chloride – Plastic Code 3
Plastic MRF means a Material Recovery Facility dedicated to sorting baled or loose
mixed polymer plastic stock into individual polymers or seeks to recover a particular
polymer from mixed plastic stock.
Plastic Re-Processing means the conversion of sorted plastic material into flake or
resin for further manufacture.
Plastic Re-Processor means a facility that has the capacity to wash and prepare
plastic polymers for further manufacture.
Recycling means re-processing of material in a production process, that diverts it from
the waste stream, except reuse as fuel. Both reprocessing as the same type of
product, and for different purposes is included.
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1.

EXECUTIVE SUMMARY

Recycling of post consumer plastics began in the early 1980’s when technology
enabled the recycling of PET (soft drink) bottles back into new PET bottles. The
recycling of what was “waste material” back into new packaging has been described
as “closing the loop”. Prior to this achievement with PET, only paper and cardboard,
glass, aluminium and steel had achieved closed loop status and in their own right
established a demand for the recycled commodity.
In the early 1990’s recycling of plastic milk bottles (natural HDPE) commenced with
the demand for this post consumer material in the manufacture of other new products
such as mobile garbage bins and pallets. The combination of PET and HDPE
represented a significant proportion of the post consumer recycled plastics stream (ie.
greater than 60% of rigid plastics) and their easily identifiable appearance made
sorting at the MRF relatively easy. The products were either clear (PET) or
translucent (HDPE) and the shape of the products as soft drink, milk or juice bottles
made manual sorting in the MRF simple.
Markets for these two polymers have fluctuated over the years based upon
competition with virgin resin prices and export demand for baled post consumer
bottles. While a domestic market for these polymers has underpinned demand,
exports have had an increasing impact, particularly in the last five (5) years.
As business has driven Councils to full commingle systems for collection of household
recyclables, MRF operators have sought in recent years, commercial advantage by
finding new markets and broadening the range of materials that were considered
“recyclable”. The range of plastics increased to include coloured HDPE and other poly
olefins and more recently some councils and MRF operators have extended the range
to “all plastics”. As Council recycling collection contracts are for periods of seven (7)
years or more, there is likely to be a gradual expansion of Councils collecting all rigid
plastic packaging in their recycling.
While the MRF operators still concentrate on sorting clear PET and natural HDPE, the
residual mixed plastics are usually sold to exporters. These mixed plastics are
exported to countries such as China, Indonesia and Vietnam where sorting of the
mixed plastic bales is economically viable.
Development of local markets for recyclable commodities provides long term stability
for recycling and buffers against international commodity market fluctuations.
Rigid polystyrene packaging can represent between 1.3%1 and 2.6% of the total post
consumer plastic recycling stream. Since most Material Recovery Facilities separate
clear PET and nHDPE from other plastics, rigid polystyrene may represent up to 10%
of the residual mixed plastics.
The physical properties of rigid polystyrene across the various packaging market
segments is similar. Consequently, recovery of the full range of post consumer rigid
polystyrene will have little impact on the physical properties of the recyclate.

1

Investigation of Plastic Containers in the Domestic Waste Stream – Pine Rivers Council – Queensland
Environmental protection Agency – July 2001
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The objective of this project was to find viable solutions for the recovery and reprocessing of post consumer rigid polystyrene packaging. The scope was to produce
post consumer polystyrene with a contamination by other plastics (particularly poly
olefins) to less than 1%.
The project, which was funded under the National Packaging Covenant, investigated
the technical feasibility and the capacity to efficiently recover on a commercial scale,
post consumer rigid polystyrene through manual sorting at a Plastics Material
Recovery Facility (“Plastics MRF”). This recovery system was compared with a
proposed technological sorting and re-processing solution, both investigating
efficiency and purity of the end product.
The project found that while it is technically possible to recover post consumer rigid
polystyrene packaging through a Plastics Material Recovery Facility, the difficulties
associated with manually sorting severely limits the capacity to efficiently recover this
material. Due to the relatively small proportion of polystyrene in the post consumer
recycling stream, efficiency and recovery rates were well down on maximum potential
recovery rates. (Efficiency in this context is measured as recovery rate per man hour
of contaminant free material.) The problems of low efficiency may in part be due to the
complexities of manually sorting coloured plastics, which can comprise an extensive
range of polymers. While the plastic codes will assist sorting on a macro level, the
sorters in a Plastic Material Recovery Facility rely on more simple methods to sort,
such as shape and colour. This partly explains the higher efficiency associated with
sorting clear PET (soft drink) bottles and natural HDPE (Milk and juice) containers, as
they are easily identified from other plastic containers.
In relation to a technological solution, the project utilised similar technology that has
been developed for recycling of CDs and DVDs to assess the efficiency and
economics of recovering polystyrene from a mixed poly-olefin post consumer, rigid,
plastic stream. While the results produced only a small amount of material for quality
testing the overall outcome did indicate a technology solution was feasible, that could
be incorporated into the commercial operations of Material Recovery Facilities and a
HDPE plastic re-processing operation.
The project demonstrated that polystyrene can be recovered efficiently and cost
effectively from baled plastics incorporating HDPE or polypropylene with the
polystyrene. By incorporating polystyrene with either natural HDPE (ie. nHDPE) or
coloured HDPE and/or polypropylene the financial returns to the Material Recovery
Facilities could be improved. The volume of higher value material recovered will be
greater than a simply sorting a single polymer. Further, this is unlikely to compromise
the productivity of the Material Recovery Facility sorting line. Sorting at the primary
Material Recovery Facility will enable sorters to better identify polystyrene containers,
compared to the compressed materials presented at the Plastics Material Recovery
Facility.
However for any system to be viable and attract the necessary investment there
needs to be sufficient polystyrene in the recycling stream. This will not occur until
major metropolitan councils and collectors support an “all rigid plastic container
recycling system”.
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The sorted mixed polymer bales can then be processed through a plastics reprocessing facility that is constructed specifically to separate and recover the two
different polymers (ie. polystyrene and poly olefin) through a continuous production
line.
The material recovered achieved less than 3% poly olefin contamination. The flake
material was converted directly into injection moulded and profile extrusion products.
Some flake was compounded to resin for manufacture into sheet for thermoforming.
The injection moulded products (planter pots and Bar Stools) processed very well and
cycle times were consistent with virgin polystyrene.
There was no sign of
delamination of the manufactured products.
The profile extrusion product, which is used in the concrete market, extruded
consistently and the product passed all performance tests.
The material used for sheet extrusion and thermoforming extruded very well into
1.5mm gauge sheet, exhibiting uniform gauge, colour and physical properties. The
performance of the sheet during thermoforming indicated good melt strength and
draw characteristics.
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2.

BACKGROUND

The post consumer plastics recycling stream has been generally defined as PET and
HDPE, where significant local markets utilising clear PET and natural HDPE recycled
resin have been established.
The economics of recycling these two plastic
compounds has been assisted by the relatively high proportion that they represent in
the post consumer plastics stream and the ability to recycle the resin back to bottles
(in the case of PET) or a host of other products (in the case of HDPE). The ability to
establish a “closed loop” for the recycled materials, as in the case of PET, almost
guarantees sustainable recycling. Where a “closed loop” cannot be established a
strong demand for material through an alternative product market can also be a
guarantee for sustainable recycling.
As most kerbside recycling in Australia’s major cities is now based around full
commingled collection2, Recyclable Material Recovery Facilities (“Material Recovery
Facilities”) tend to simply focus on recovery of the major components of the recycling
stream. Thus, paper, glass, aluminium, steel and plastics are the focus of recovery of
these large efficient Material Recovery Facilities.
The process can be described below, where the value of the various commodities
combined with the sorting cost dictate what will be recovered in the Material Recovery
Facility. The ability to automate and the cost of the automation also impacts
significantly on the degree of recovery of each of the commodities.

Paper – Mechanical &
Manual Sorting
Commingle Collection

MRF

70 % +

Glass – Mechanical
Manual colour sort

19 %

Plastic – Manual sort

5%+

Steel – Magnet
Aluminium – Eddy Current

2%
<1%

Figure 1 – Commodities recovered at MRFs, the main mechanism for recovery and the relative
proportion they represent in commingle recycling stream.
2

Full commingle collection is described as a mix of all recyclable paper and containers collected at the
kerbside often in a 240 litre MGB
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The plastic fraction of the commingled recycling stream will vary slightly depending
upon the range of plastics promoted as recyclable by the local council. There is now
an increasing trend for Councils to promote the recycling of all rigid plastic containers
based upon perceived markets for these commodities. While much of the mixed
plastic material is exported to the Asian markets there are emerging markets within
Australia for manufacture using mixed plastics.

The largest component of the plastics post consumer stream is clear PET (ie. soft
drink bottles) and clear HDPE (ie. milk and juice bottles) (figure 2). These two
compounds represent approximately 60% of the domestic post consumer, rigid
plastics stream.

PLASTIC COMPOSITION IN DOMESTIC RECYCLING STREAM
Films
Polarcup
Polystyrene - Expanded
Other Plastics
PVC - unplasticized
PET Other - Not Recyclable
HDPE - Oil Containers
PET Beverage Containers
PVC - plasticized

LDPE
Polystyrene - Rigid

Polypropylene

HDPE - Coloured

HDPE - Clear

Figure 2 – Composition of post consumer kerbside plastics stream (Qld EPA – 2001)

Since Material Recovery Facilities focus predominantly on recovery of clear HDPE
and clear PET a residual mixed plastic is generated. The composition of this mixed
plastic will vary depending on a number of factors, including:
2.1

The efficiency of the sort process at the Material Recovery Facility;

2.2

The range of plastics that are promoted by Council as recyclable;

2.3

The consumption patterns of the local consumers.

Page 10

2.1

The Efficiency of the Sort Process:

The proportion of primary post consumer plastics (PET and HDPE) recovered
from the commingle recycling stream is often the product of the efficiency of the
Material Recovery Facility operations. The efficiency of segregation is dependent
upon the number of people engaged to manually sort the plastics and the
presentation rate (tonnes per hour) of material delivered to the plastic sort line. At
various times HDPE and PET will pass by the sorters and finish up in the “mixed
plastic” bale, thus impacting overall proportions of each polymer in the “mixed
plastic” bale.
Assuming that sorting of natural HDPE and clear PET is 100% efficient, the
composition of a mixed plastic bale from the recycling stream would be
represented by figure 3. In this circumstance polystyrene may represent
approximately 5% of the composition of the mixed plastic stream compared with
1.3% of the total plastic stream. From the Pine Rivers study, diversion3 to the
recycling bin of rigid polystyrene represented only 20%.
Plastics that the
community have established as recyclable commonly achieve in the order of 50%
diversion in commingle systems (figure 4).
As rigid polystyrene becomes more accepted as a “recyclable material” it could
represent up to 2.6% of the total plastic stream or 10% of a mixed plastic (ie.
mixed plastic excluding PET and nHDPE) as diversion of “recyclable plastics” from
the garbage container to the recycling stream improves.

PROPORTIONS OF PLASTIC IN MIXED PLASTIC BALE - QLD STUDY
HDPE - Oil Containers
HDPE - Coloured

PVC - plasticized

LDPE
Polypropylene

Polystyrene - Rigid

Figure 3 – Composition of a residual mixed plastic bale. (Qld EPA – 2001)4

3

Diversion is the percentage of a material householders place in the recycling stream in comparison of
the total of the material placed in the garbage and recycling stream.
4
Investigation of Plastic Containers in the Domestic Waste Stream – Pine Rivers Council – Queensland
Environmental Protection Agency – July 2001
Page 11

Diversion of Plastic Recyclables from Garbage Stream
60.00%

% Diversion

50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
PET Beverage
Containers

HDPE - Clear

HDPE - Coloured

Polypropylene

Polystyrene - Rigid

LDPE

Rigid Plastic Packaging

Figure 4 – Diversion rates for plastic polymers – (Qld EPA – 2001)

In practice though, residual mixed plastics will incorporate a component of clear
PET or natural HDPE due to inefficiencies in the sorting process or due to
decisions by the operators of the Material Recovery Facility to segregate only a
portion of the available HDPE or PET. These variations are illustrated in the
following figures which show in figure 5 a high proportion of natural HDPE and
clear PET in comparison with bales from the same source but at different times
(figure 6).

Figure 5 – Residual Mixed plastic bale with clear PET and HDPE – Queensland
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Figure 6 – Residual mixed plastic bales in the middle with relatively minor volumes of PET and
nHDPE – Queensland

2.2 The Range of Plastics Promoted by Councils as
Recyclable:
The composition of other plastics in the “Residual Mixed Plastic” will vary
depending upon the range of plastics promoted as recyclable by the Council. The
composition is further complicated as most Material Recovery Facilities process
material from a range of councils. Thus councils that promote the complete range
of plastics as recyclable will in most cases have their product mixed with Councils
that promotes only a narrow range of recyclable plastics.
Thus most Material Recovery Facilities in Sydney and Melbourne currently mix
recyclables sourced from a range of Councils.
This project was restricted to sourcing residual mixed plastic from those Material
Recovery Facilities where the full range of plastic recycling was promoted by
Council. The project was further restricted to those Material Recovery Facilities
that processed only material from those Councils.
In this instance Brisbane, Canberra and Wollongong local government areas
fulfilled these criteria. Councils such as Nillumbick in Victoria, while promoting the
full range of plastics as recyclable, have their recyclables combined with a number
of other councils promoting only a limited range of plastics. Consequently the
proportion of polystyrene in the mixed plastics is diluted by these other councils'
product.
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Figure 7 – Wollongong City promoted recycling program

2.3

The Consumption Patterns of the Local Consumers

Consumer consumption patterns can have an impact on the relative proportions of
commodities recovered from the full commingle recycling streams. Since the
range of packaging recovered in the mixed plastic stream is generally attributable
to staple products and is a relatively small volume overall, significant seasonal
fluctuations in the available volume of these materials is not anticipated. Normal
fluctuations in the composition of the recycling stream are caused by the
demographics of the community and seasonal effects (eg summer soft drink
consumption). Thus in summer, PET volumes can double in some areas, thus
diluting the volume of other plastic packaging attributable to more staple consumer
products.
An earlier study of plastic containers in the domestic waste stream5 has provided data
that has been verified through this study. The Pine Rivers study provided detailed
information on the profile of plastics in the waste stream (ie. domestic recycling and
garbage stream).
This project focussed on the recovery of post consumer rigid polystyrene using:
(a)

Currently available manual sorting systems through a Plastics MRF

(b)

Development of a future technological solution utilising a purpose built
plastic re-processing operation. This facility would have the capacity to
separate and recover poly olefin and polystyrene. The facility must also
ensure that cross contamination of polymers is minimised to the extent that
material quality is not compromised.

5

Investigation of Plastic Containers in the Domestic Waste Stream –Pine Rivers - Queensland
Environmental Protection Agency – July 2001
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2.4

The Market for Mixed Plastics:

The residual mixed plastic stream has a market both for export, further sorting for
specialised manufacturing and emerging technologies which are seeking to use
“mixed plastic” in local manufacture.
Exporters predominantly send “mixed plastics” to Asian markets where low labour
costs enable sorting of the individual plastic polymers at an economical cost.
Plastic sorting operations (ie. Plastic Material Recovery Facilities) do exist in Australia,
in the major capital cities, but these usually concentrate on the recovery of the poly
olefin component of the mixed bale and the residual from this operation is exported.
Manufacturing utilising mixed plastics is an emerging market in Australia. In the past
the durability of the manufactured product was found to be a major deficiency. New
manufacturers are now claiming to have addressed these problems with their latest
technologies. In Europe much of the mixed plastic is used for energy recovery, the
product of the early introduction of the Green Dot System.
The Packaging Covenant process in Australia though has provided the opportunity to
develop long term, high value solutions. This is being achieved through research and
development proceeding concurrently with new product and business development.
Post consumer polystyrene recycling is in its infancy, very much like recycling of PET
and HDPE was nearly 10 years ago. As markets develop for Polystyrene recyclate,
the pull effect on demand will no doubt generate improved recycling outcomes.
Rigid polystyrene packaging represents an extensive range of applications including:
• Dairy packaging (yoghurt, sour cream, custard and desert containers
• Solid meat trays
• Case ready meat trays
• Café bar cups
• Disposable solid plastic plates
• Vending cups – cold drinks
The physical properties of polystyrene across these various market segments is
similar. Thus all post consumer polystyrene packaging can be combined with little
impact on the physical properties of the recyclate.
The recycling market in Australia has changed substantially over the last three (3)
years. A major Material Recovery Facility operator in Western Australia has gone into
administration, Visy Recycling’s dominance of the market has been tested by
emerging competitors in Melbourne, Sydney and Brisbane and the operations of the
plastics re-processors has changed substantially in recent times.
In the past re-processors purchased baled plastics from Material Recovery Facilities
and re-processed the material for on sale to manufacturers as flake or resin. In this
circumstance the Re-Processors took commodity risk on securing baled stock and
final sell price on material delivered to the manufacturers.
More recently some Re-Processors have restructured their business to process post
consumer plastic packaging on a toll processing arrangement. Consequently
manufacturers in some cases are now buying bale stock, thus relieving ReProcessors of the commodity risk. An increasing trend is likely to link Re-Processors
with major manufacturers. Thus manufacturers in the future may have the capacity to
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receive and process post consumer rigid plastic packaging at their manufacturing site.
This could lead to significant savings in logistic costs and transfer of commodity price
risk to manufacturers.

AREA OF INFLUENCE AND RISK TO REPROCESSOR

MRF

MANUFACTURER

RE PROCESSOR

PURCHASE
Bale Stock
Collect from
MRF

SELL Flake
or Resin
Transport to
Customer

Figure 8 – Present structure of the plastics re-processing industry where re-processors take
commodity risk on acquiring feedstock and sale to manufacturer.

AREA OF INFLUENCE AND RISK TO REPROCESSOR

MRF

RE PROCESSOR

MANUFACTURER

PURCHASE
Bale Stock

SELL Flake or
Resin

Deliver to ReProcessor

Transport to
Manufacturer or
positioned on
Manufacturers
site

Figure 9 – Emerging structure of re-processing industry where re-processors manage
processing costs and manufacturers manage commodity risk.
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The price for virgin HDPE has increased substantially in the last two (2) years,
coinciding with an increase in demand, particularly from Asia, for recycled bottle
material.
The structure of the reprocessing market could ultimately have an impact on the
viability of any ongoing recycling operations and the product stewardship
responsibilities of the packaging supply chain.

3.

PROJECT OBJECTIVES

This project was undertaken to address the following issues with respect to –

1.

Sorting of the mixed plastic stream to remove Polystyrene as a valuable
component.

2.

Determine any special requirements of the re-processing facility to clean
and granulate post consumer polystyrene.

3.

Determine the impact and level of any polymer cross contamination
present in the sorted stream.

4.

Understand the elements which will effect the economic viability of the
above providing a cost breakdown across all elements i.e. collection,
sorting, transportation, washing, marketing etc, etc.

5.

Quantify the quality, or various qualities, achievable with the recyclate
recovered, and determine whether additional processing is required to
raise it to a market acceptable level.

6.

Conduct market evaluation trials with the recovered materials in order to
understand potential secondary applications for which the materials are
technically suitable. Identify if additional processing is required in order to
raise the quality to a market acceptable level.

The aim was to demonstrate both the technical feasibility and the economic issues in
recovering solid Polystyrene from the post consumer recycle stream.
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4.

METHODOLOGY

This project was reliant on sourcing material and data from Councils which promoted
the recycling of the full range of plastic polymers. This meant that the mixed plastic
had to be sourced from a Material Recovery Facility that did not concurrently sort
commingle recyclables from other Councils that did not promote the full plastic range.
Under this circumstance material sourced from Sydney and Melbourne Material
Recovery Facilities was considered unsuitable due to the range of Councils
processed through these Material Recovery Facilities. While some councils in
Sydney and Melbourne do promote recycling of all plastics to their residents, the
MRFs in these cities combine all sources of material. Consequently the proportion of
polystyrene in mixed plastics would be diluted by product from those councils that do
not promote the full range. Material from Brisbane, Canberra and Wollongong was
identified as potential sources of post consumer polystyrene. The Material Recovery
Facilities in these areas processed only product sourced from Council areas that
promoted the full range of plastics.
While Councils were supportive of the project, recyclable materials are invariably
owned by the operators of the Material Recovery Facility. In many cases the sorted
commodities are secured through long term sales contracts with Re-Processors,
manufacturers or traders. Consequently the opportunity to source material was
further constrained by the difficulty to secure material from some Material Recovery
Facilities.
The project focussed on two (2) main sources of residual mixed plastics from
Wollongong and Brisbane. Both local governments promote the broad range of
plastic polymers for recycling with the mixed plastic material in Brisbane further sorted
through an established “Plastic Material Recovery Facility”.
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Stage 1: Sorted Material – MRF Sorting
The initial part of the sorting trial involved verifying that a reasonable quantity of
polystyrene was present in the mixed plastic bales source from councils promoting all
plastics as recyclable. If polystyrene quantities were too small in proportion to other
plastics, sorting to recover this polymer could not be undertaken in a commercial
operation.
For this part the material from Wollongong was used. The baled mixed plastic was
broken apart and sorted on a factory floor. The polystyrene recovered was used to
verify the percentage of polystyrene in the sample of “mixed plastic” and to determine
what could be recovered through a commercial sorting operation.
The second part of this manual sorting operation involved recovering up to 1 tonne of
polystyrene packaging from mixed plastics sorted through a Plastic Material Recovery
Facility.
The material for this part of the trial was sourced from Brisbane and sorted through a
Plastic Material Recovery Facility at Rocklea. The primary operation of the Plastic
Material Recovery Facility was the recovery of poly olefins (ie coloured and natural
HDPE and polypropylene) from mixed plastic bales, for Re-Processing in Australia.
The facility is established with a de-baler and conveyor lines with manual picking
stations. The sorters are trained to recover predominantly poly-olefins but will also
sort other polymers such as PET depending on the general composition of the mixed
plastic bale. The plastic containers sorted at the Plastic MRF are flattened since they
have been baled already at the primary MRF. Cross contamination and other issues
arising from sorting this material are discussed elsewhere in this report. Over a two
(2) month period polystyrene was also manually sorted at this facility.
The sorted polystyrene containers were then re-processed at a facility in Brisbane
where polystyrene flake was made for further analysis.

Stage 2: Technology Solution – Sorting and Re-Processing
The Plastic Re-Processing facility in Brisbane processes post consumer poly-olefins
for on sale to plastics fabricators. The facility normally processes post consumer rigid
nHDPE (milk and juice) containers, coloured HDPE and polypropylene for recovery in
the form of flake or compounded resin. Bale stock processed at this facility at various
times has shown a high proportion of polystyrene which is normally lost as waste in
the wash process.
The “reject” or waste material, from the re-processing of polypropylene which had a
high polystyrene component, (greater than 50%) was accumulated over a two (2)
month period. The plant was then modified to recover polystyrene based upon
technology that has been used for the recovery of individual components for CD
recycling (see Section 5.3). The normally “waste material” was then processed
through the plant to recover the polystyrene flake for further processing and testing.
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5.

RESULTS

5.1

Separation of Post Consumer Rigid Polystyrene

Mixed plastic material was sourced from Brisbane City Council and Wollongong City
Council. Both these sources of material arise from Councils that promote all plastics
in the recycling stream. Further, the recyclable materials are processed at Material
Recovery Facilities where the material is kept separate from other Councils that do
not promote the full range of plastics for recycling. Consequently it was ascertained
that the “mixed plastics” would contain reasonable quantities of polystyrene which
could be used in this project.
While the material acquired from Wollongong was a relatively small sample (410kg)
the quantity of rigid polystyrene recovered was 3.2% of the volume of mixed plastic
baled stock which confirms earlier studies conducted at Pine River Shire6. The
sorting of the Wollongong material was not done on a commercial scale at a Plastic
Material Recovery Facility, but was used to confirm the findings of the Pine River
study. These results align with the Queensland study (figures 3 & 4).
Sorting of mixed plastic bales on a commercial scale was undertaken in Brisbane
where 533kg of rigid polystyrene was recovered from approximately 37 tonnes of
mixed plastics at a Plastics Material Recovery Facility. Sorting efficiency was
marginal due to the compacted nature of the material and ability of sorters to identify
polystyrene packaging. The polystyrene was recovered at 1.45% from mixed bales
but still contained significant quantities of non-polystyrene material (see below).

6

“Investigation of Plastic Containers in the Domestic Waste Stream” Queensland EPA – Pine Rivers
Shire July 2001
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Figure 10 – “Sorted “polystyrene sourced from mixed plastic - Brisbane

Problems associated with sorting baled “mixed plastics” to recover polystyrene
include:
a) Flattened plastic containers are difficult to sort since the original shape of the
container is lost and this is a significant characteristic used by sorters for
material recognition;
b) Difficulties associated with identifying a polystyrene container based on colour
arise since many different polymers may use the same coloured package;
c) Polystyrene represents a very small proportion of the mixed container stream.
In a relatively “pure” mixed plastic stream (ie. no PET and nHDPE) polystyrene
can represent in the order of 5%;
d) Embedded containers of differing polymers;
e) Compacted contaminants with rigid polystyrene material (Figure 11)
Manual sorting relies on shape and colour to differentiate the polymers. In a Material
Recovery Facility segregation of PET (soft drink) bottles and nHDPE (milk and juice)
bottles is relatively simple due to their unique appearance. Sorting coloured
containers is a much more complex and difficult operation. While the plastic
description codes are of value at a macro level, sorters are reliant on identifying the
brand markings and container shape and colour to ensure accurate segregation. At
the primary Material Recovery Facility, segregation is much easier as the material is
largely uncompacted, while at most Plastic Material Recovery Facilities the sorting
process is further complicated by those issues identified above.
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Figure 11 – Contaminated polystyrene –aluminium container compressed and embedded in
other plastic packaging - Brisbane

Unlike sorting PET and nHDPE, sorting the other polymers requires considerably
more concentration by sorters on manual picking lines.
The training and
concentration are ongoing as the products in the mixed plastic area are multi coloured
and often some plastics look and feel alike. In these circumstances, productivity is
severely impacted and the purity of the recovered stock reduces.
At the re-processing stage over 9% of the material was lost as reject or waste. In a
normal poly olefin re-processing operation waste and reject material is less than 2%.
Allowing for the fact that this was a small batch run, through a commercial system, the
waste factor would be deemed to be more than double what would normally be
achieved.

Based upon the results of the Pine Rivers, Queensland EPA study over 10,000
tonnes of polystyrene could be available nationally from the kerbside recycling stream
if all councils were to adopt the full commingle recycling system and promote
recycling of all rigid plastic containers. Note that these figures are based upon an
extrapolation of recovery figures from the Nolan ITU Report on Alternative Domestic
Waste and Recycling Systems7.

7

NSW Jurisdictional Recycling Group, Assessment of Alternative Domestic Waste and Recycling
Systems – Nolan ITU November 2003
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Figure 12 - Kerbside Recycling Polystyrene Recovery
Households
Sydney
Melbourne
Brisbane

1,386,000
1,050,000
780,000

Yield
(t/hld/an)
0.24
0.24
0.24

Volume
(tonnes)
332,640
252,000
187,200

Proportion
PS

PS Volume
(tonnes)

0.70%
0.70%
0.70%

2,333
1,767
1,313

Total available PS
5,414
Figure 12 - Projected recovered volume from post consumer stream for 3 major capital cities.
Yield is based upon Nolan ITU figures for Sydney
Proportion of polystyrene is based upon a 70% diversion from the waste stream

On a commercial basis, taking into account the difficulties of segregating rigid
polystyrene in a Plastic Material Recovery Facility, after compressing the material
through a baler, yields are likely to be significantly less. Based upon the results of the
commercial trials in Brisbane undertaken for this project, a yield of less than half this
volume could realistically be achieved. Combined with the additional sorting costs the
major hurdles associated with recovering post consumer polystyrene through a
Plastics Material Recovery Facility will be the training of sorters to identify polystyrene
containers and maintenance of that knowledge to ensure a reasonable productivity
from the operations. Due to the problems associated with compacted material and
changes to the sorters over this period cross contamination of the polystyrene with
poly olefin was high (approximately 17%). Special arrangements at the re-processing
operation to further purify the material were necessary to achieve the standards
described in figure 13.
Due to the relatively small volume available, a single re-processing plant may be
justified on a national basis, but extra logistics costs would be incurred delivering the
containers to the facility and then on supply to manufacturers who could use this
recyclable material.

5.2

Quality of Processed Rigid Polystyrene Flake

The post consumer rigid polystyrene flake after refining achieved less than 3%
contamination with poly olefin. A clean stream with 99% purity could be achieved
through a specifically designed plant.
Properties

Sample

Control – STYRON 486B

Tensile Yield (MPa)
21.3
24.6
Tensile Fail (MPa)
21.8
26.8
Elongation (%)
20
57
Flex Modulus (MPa)
2080
2090
Izod (J/m)
89
96
Gardner Impact (J)
1.6
2.0
Figure 13 – Laboratory tests of the sample material in comparison with a control styrene stock

Laboratory tests of the cleaned samples indicate that the product is close to virgin
quality as described in figure 13 above.
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5.3 Technology Solution for Re-Processing Rigid Polystyrene
Australian Plastic Re-Processors Pty Ltd has developed technological solutions for
recycling complex plastics such as optical media (ie. CDs and DVDs). APR’s
patented technology enables the recovery of polycarbonate, polypropylene,
polystyrene and the metallised layer which constitute optical media construction. This
technology has been further adapted to re-process post consumer HDPE and
polypropylene rigid plastic containers. It is this technology base that has been used to
develop processes and a technological solution for the recovery of post consumer
rigid polystyrene plastic packaging.

Figure 14 – Type of factory used for re-processing post consumer poly olefins and polystyrene

APR re-processes post consumer coloured HDPE and polypropylene at a number of
its affiliated factories in Australia. The baled material processed in these factories
does have a high component of polystyrene but not at the levels that could be
potentially recovered through a “dedicated system”. A dedicated system is described
in section 5.4.
For this trial, the reject material which comprised paper pulp and plastic flake was
accumulated over the period of two (2) months. The material was then re-processed
as a batch run through a plant that was modified to recover the polystyrene flake for
this trial.
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Recovery rates from this trial were low (less than 30%), but this was largely due to the
length of storage of the moist material which resulted in heavily compacted material.
The material was stored during the period in its unprocessed condition with very high
moisture content. Difficulties were encountered breaking up the material at the prewash granulator and feed into the wash bath. Additional screens that were
incorporated to segregate the materials became breached due to the nature of the
product.
In practice the batch method adopted for this trial is impractical on a commercial
scale. Storage of moist material exacerbates the future re-processing system,
although the trial did identify a system for an in line joint processing of poly olefin and
polystyrene combined.
The material recovered from this process exhibited the same properties as material
manually sorted and re-processed through the Re-processing plant.

Figure 15 – Standard process flow for plastic re-processing plant – Inclined conveyor for in
feed stock and processing to the silo out feed.

Thus it was determined that post consumer, rigid polystyrene could be recovered from
a Re-processing Facility without having to manually sort the polystyrene. The
polystyrene could be included with a poly olefin (eg. nHDPE or coloured HDPE or
polypropylene) through sorting at the primary Materials Recovery Facility. The two
polymers can then be recovered through a specifically designed Plastics Reprocessing Facility, recovering the two polymers in the form of flake, which can then
be compounded to resin.

Future Options:
Polystyrene recovered from mixed plastic
While existing re-processing plants are largely dedicated to one polymer (eg. PET
plants usually run separately to HDPE plants) this trial identified that post consumer
polystyrene could be recovered at the same time with processing of poly olefin
plastics such as nHDPE containers, coloured HDPE or polypropylene containers.
The re-processing facility could be set up in such a way that the final quality of the
poly olefin flake is not compromised and yields of polystyrene match industry best
practice which has been set by PET and HDPE re-processing plants.
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To promote recycling of polystyrene, Material Recovery Facilities could include
polystyrene with nHDPE containers. To aid separation the emphasis would be on
recovering yoghurt containers and other polystyrene packaging with nHDPE milk and
juice bottles. This would separate polystyrene from most other rigid containers which
are in other polymers, particularly polypropylene, and reduce the cross contamination
risk to both. The polystyrene could then be recovered as flake through a Reprocessing Facility. The probability is that one facility in each major capital city could
be economically viable, which could reduce transport and associated logistics costs.
The facility could be integrated with a poly olefin processing facility, which had been
set up with a manufacturer (figure 16) a development from earlier market descriptions
(Figures 8 & 9).

AREA OF INFLUENCE AND RISK TO REPROCESSOR

MRF

RE PROCESSOR
Linked to Manufacturer
Modified plant to process PS & poly
olefins

PURCHASE
Bale Stock

Poly olefin
MANUFACTURER

SELL
Polystyrene
Flake or Resin

Deliver to ReProcessor

Deliver to
Polystyrene
manufacturer

Figure 16 – Potential structure for delivering re-processed flake or resin to polystyrene
manufacturers
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5.4

Economics of Recovering Post Consumer Polystyrene

a)

Sorted Rigid Polystyrene

This trial has illustrated that the cost of manual sorting polystyrene from the post
consumer kerbside plastics stream is uneconomical. The product is;
a) Costly to sort;
b) Recovery from the mixed plastic stream is marginal;
c) Contamination of the sorted material is relatively high.
The cost for recovery is in the order of $1,000 per tonne plus transport to the reprocessing facility. Depending on the quality of the material and delivery costs to the
manufacturer the costs for material will approach $1,600 per tonne which is well in
excess of the market value of this material.
Under this model it is envisaged that there would be one re-processing facility to
recover rigid polystyrene in Australia. This model adds significantly to the price of
material as sorted polystyrene will need to be delivered to the facility and then
distributed to manufacturers who could be located in other states (Figure 17).

Figure 17 - Indicative Costs for Polystyrene Delivered to Manufacturer
Sorted PS
Poly Olefin + PS
($/tonne)
($/tonne)
Material Cost
$
1,000
$
600
Transport to Re-processor *
$
66
$
28
Re-processing Cost
$
560
$
480
Transport to Manufacturer **
$
20
$
20
Total Cost

$

1,646

$

1,128

Pricing based upon approximate values as at March 2005
* Transport costs for sorted PS are based on an average interstate freight and loss factors
** Transport costs assumed to manufacturer in state of production

b)

Recovered Polystyrene from Re-Processing Operations

The opportunity does exist to recover post consumer polystyrene packaging in
conjunction with poly olefins. The trial demonstrated that polystyrene can be
recovered from a combined stock of polystyrene and a poly olefin at a quality
acceptable for remanufacture. While the material was recovered through separate
batch operations the trial highlighted the need for in line concurrent processing of both
polymers.
Concurrent processing of polystyrene and poly olefin is technically feasible through an
adaptation of the technology developed for CD recycling. It is predicted problems
such as compaction and cross contamination of the separate polymers would be
avoided through this process.
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Under this scenario, re-processing facilities could be established in each state, in
conjunction with poly olefins reprocessing. Transport costs of baled material would be
contained and only flake or resin stock would need to be transported to interstate
manufacturers.
The price of the combined polystyrene and poly olefin stock would be based upon the
poly olefin price. Thus polystyrene combined with coloured HDPE or poly propylene
may expect a price under current market conditions in the order of $400.00 per tonne.
Alternatively, polystyrene combined with nHDPE (ie. milk and juice bottles) may
attract a price in the order of $600.00 per tonne under current market conditions.

With the recent changes to the operations of re-processors there are now a number of
facilities that act as toll re-processing operations. Thus brand owners or the
packaging manufacturers for the brand owners together with general manufacturers
are now standing in the market place to acquire post consumer baled plastic stock
from Material Recovery Facilities.
To manage this scenario it would be necessary to combine the demand for polyolefins with the polystyrene and procure Material Recovery Facilities to sort to the new
specification. The Re-Processor would then modify the plant to recover both the polyolefin and the polystyrene concurrently. The plant modifications and operating system
could be achieved with only negligible incremental operating cost.
To encourage Material Recovery Facilities to sort polystyrene with the poly-olefin the
value is likely to be set by the value of the poly-olefin. In the case of nHDPE this is in
the order of $600.00 per tonne or $400.00 per tonne for coloured HDPE or
polypropylene. Since most Material Recovery Facilities sort only the nHDPE it will
possibly be easier to incorporate with this compound than other poly-olefins. For any
of the above scenarios for combinations of polystyrene and poly olefin the return to
the MRF is substantially improved. Further, the return to the Re-Processor is
improved for negligible increase in capital and operating costs.
Figure 18 illustrates the current material flows from the Material Recovery Facility to
the various end customers. To compete with the export of this material it will be
necessary to combine purchasing powers with a major group of purchasers of polyolefins to determine a purchase specification. The material would then need to be
matched with a re-processor that has the capacity to process this mixed material.
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Commingled Mixed Plastics

MRF Sorting

PET

nHDPE

Mixed Plastics

Local Mfg
Emerging Technology

Local
Mfg

Plastics MRF

cHDPE

PP

Mixed Plastics

Local
Mfg

EXPORT

Figure 18 – Post consumer sorting and plastic flows within Australia

The value of HDPE has risen substantially in the last two (2) years in line with virgin
price increases and demand from Asia. There is evidence that HDPE prices are
falling slightly although the long term outlook is that prices will remain in excess of
$550.00 per tonne.
Plastics markets fluctuate in line with all commodities. Recycled HDPE prices in
Australia are influenced by both the export prices and the price for virgin resin. A third
factor in Australia which influences HDPE prices is the availability of off-spec HDPE
resin. At times when off-spec material is available the market for recycled resin has
been severely impacted. Figure 19 highlights the fluctuations in price as measured
against a moving Asian index for virgin raw materials. It should be noted that in late
2001 as a result of the Asian crisis recycled material was not competitive and exports
were severely constrained.
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Linking the price for recycled polystyrene to the HDPE market will need to
acknowledge to risks associated with price fluctuations.

nHDPE Commodity Indices - Recycled Bottles and Virgin Resin
$900.00
$800.00
$700.00

$500.00
$400.00
$300.00
$200.00
$100.00

5 /5 /2 0 0 2

3 /5 /2 0 0 2

1 /5 /2 0 0 2

9 /5 /2 0 0 1

1 1 /5 /2 0 0 1

7 /5 /2 0 0 1

5 /5 /2 0 0 1

3 /5 /2 0 0 1

1 /5 /2 0 0 1

9 /5 /2 0 0 0

1 1 /5 /2 0 0 0

7 /5 /2 0 0 0

5 /5 /2 0 0 0

3 /5 /2 0 0 0

1 /5 /2 0 0 0

9 /5 /1 9 9 9

1 1 /5 /1 9 9 9

7 /5 /1 9 9 9

5 /5 /1 9 9 9

3 /5 /1 9 9 9

1 /5 /1 9 9 9

9 /5 /1 9 9 8

1 1 /5 /1 9 9 8

7 /5 /1 9 9 8

5 /5 /1 9 9 8

3 /5 /1 9 9 8

$1 /5 /1 9 9 8

In d e x ($ /to n n e )

$600.00

Time

Baled Bottles nHDPE

Platts Asian Virgin Index

Figure 19 – Price movement of recycled baled bottle nHDPE price- 1998 to 2002
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7.

MARKET EVALUATION

The flake recovered from the respective systems was tested in market applications.
The raw flake was tested in injection moulding and profile extrusion products, with the
remainder compounded into granules for the manufacture of sheet to be used in the
thermoforming industry.

7.1

Injection Moulding

The polystyrene flake trialled in injection moulding applications was used to
manufacture planter pots and bar stools (concreting industry).
In the planter pot application the material melded very well and cycle times were
consistent with those observed when processing virgin polystyrene. If uniform colour
was required then only dark colours can be entertained due to the variations in the
colour of the polystyrene flake.

Figure 20 – Injection moulded polystyrene flower pots. Speckled appearance of the light
coloured pot is due to variable nature of post consumer recycled polystyrene flake.
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The bar stools all melded very well with no sign of delamination and passed all
performance tests necessary for this application.

Figure 21 – injection melded post consumer polystyrene bar stools for the concreting industry

Page 32

7.2

Profile Extrusion

Flake was used in a profile extrusion application to manufacture, another product
used in the concrete industry. The material extruded consistently and the product
produced passed all performance tests which include a balance between strength and
rigidity while maintaining overall toughness. Post consumer High Impact Polystyrene
is therefore considered a suitable product to be used in this application as material
becomes available.

Figure 22 – Profile extruded material for the concreting industry utilising post consumer
polystyrene flake.

Page 33

7.3

Sheet Extrusion and Thermoforming

The remainder of the cleaned flake material was then compounded into pellets in
order to test the suitability of the material for sheet extrusion and thermoforming
applications, as a previous evaluation had shown non compounded material did not
provide the quality or product consistency necessary for sheet extrusion.
Sheet 1.5 mm in gauge was extruded from this material which was master-batched
black. It extruded very well producing good quality sheet which exhibited uniform
gauge, colour and physical properties.

Figure 23 – Thermo formed 1.5mm sheet for industrial application using recycled polystyrene
resin
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The sheet was then thermoformed in to a number of applications as can be seen in
the following figures. During thermoforming the sheet processed very well showing
good melt strength and draw characteristics. It produced a number of high quality
parts which demonstrated the ability of post consumer recycled Polystyrene to be
used in a number of general thermoforming applications.

Figure 24 – Thermo formed 1.5mm sheet for industrial application using recycled polystyrene
resin
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7.

CONCLUSION

This project sought to find a technologically viable solution for the recovery and reprocessing of post consumer rigid polystyrene.
While the project undertook recovery from both a Plastics Material Recovery Facility
and a technological solution, the latter proved the more feasible in the longer term.
Sourcing post consumer rigid polystyrene from a Plastics Material Recovery Facility is
inefficient and unlikely to produce a national solution due to:
a) Low recovery rates of polystyrene from the mixed plastic stream
is marginal;
b) Difficulties in identifying polystyrene containers leads to
relatively high contamination of the sorted material;
c) The high cost to manually sort the polystyrene due to the
compaction of material and inefficiencies identified above.

The technological solution however appears viable provided that the polystyrene is
incorporated with another poly olefin plastic such as HDPE or polypropylene. In this
manner the polystyrene can be segregated during re-processing through a modified
washing and re-processing operation. The trials highlighted the need to undertake
these processes concurrently to avoid double handling and compaction of the
product. Compaction of the product produced handling problems and significantly
impacted the quality of the recovered material.
A Re-processing Plastics Facility producing polystyrene flake or resin from a mixed
plastic bale comprised of a poly olefin (ie. nHDPE, coloured HDPE or polypropylene)
can be a viable solution for recycling of post consumer rigid polystyrene packaging.
Manufacturing trials with the recyclate in both flake and compounded resin form
proved that post consumer recycled rigid polystyrene can perform as well as virgin
resin in all the applications tested in this trial. In this instance, the recyclate passed
performance testing in injection moulding, profile extrusion, sheet extrusion and
thermoforming applications. The end use trials were also useful in identifying a
number of potential applications for recycled post consumer polystyrene which in itself
is a vital step in the successful addition of post consumer Polystyrene to the current
post consumer recycled materials.
However for any system to be viable and attract the necessary investment there
needs to be sufficient polystyrene in the recycling stream. This will not occur until
major metropolitan councils and collectors support an “all rigid plastic container
recycling system”.
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