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Hyder Consulting was commissioned by the Department of Environment and
Conservation in Western Australia (DEC) to develop a tool aimed at increasing
awareness and understanding of the environmental benefits of collecting and recycling
commodity materials from the kerbside.

Approximately 138,000 tonnes of post consumer materials (as listed in below) are
collected for reprocessing, from domestic kerbside collections in Western Australia
(WA) each year. Recycling of these materials presents significant benefits
economically as well as environmentally.

The environmental benefits are determined for this study by the method of Life Cycle
Assessment (LCA). This approach allows for the environmental characteristics of
complete systems to be assessed including a range of environmental impacts from a
‘cradle to grave’ perspective.

The system under study includes all impacts associated with:
1 The collection system — from kerbside collection and transit to MRF

2 The reprocessing system — includes material beneficiation and
reprocessing

3 The avoided virgin material system — includes the credits associated
with the virgin product that is avoided when a material is recycled.

The assessment approach is holistic such that inputs and outputs across the entire
production and supply chain are included.

For this assessment, as for all recycling systems, it is important to note that when
materials are recovered and converted back into secondary materials for use again,
they typically substitute for virgin materials and thereby replace the need to produce
from virgin materials. The result is recognised as an avoided product credit. These
include the avoidance of impacts associated with resource extraction, materials
production and manufacturing process. These processes have a high energy and
materials intensity and typically dominate the assessment

*+

This tool, the Environmental Benefits of Recycling Calculator, can be used to calculate
and demonstrate the environmental benefits resulting from recycling commodity
materials in Western Australia. The Calculator shows the benefits of recycling the
materials listed below.

paper/cardboard
glass

steel cans
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aluminium

liquid paper board (LPB)
polyethylene terephthalate (PET)
high-density polyethylene (HDPE)
polyvinyl chloride (PVC)
polypropylene (PP).

+

Recycling results in the avoidance of environmental impacts associated with resource
extraction and materials production and manufacturing processes. One impact area is
global warming caused by the accumulation of greenhouse gases in the Earth’s
atmosphere.

Greenhouse gas benefits are calculated in accordance with international and national
guidelines and protocols® and expressed in terms of carbon dioxide equivalents
(CO2eq). In characterising the greenhouse benefits, savings in the following gases /
aspects are quantified:

carbon dioxide (CO5)

methane (CH,)

nitrous oxide (N,O)

other trace greenhouse gases (e.g. fluorocarbons)
sequestration.

Energy savings resulting from recycling are presented for each material. In
characterising the energy savings, credits in the following categories are quantified:

delivered electricity
process heat
transport

miscellaneous energy inputs.

The energy savings are then compared to production from virgin materials, tallied in
terms of overall savings for each material and tabled for ease of comparison.

! Avoided landfill calculations as per the Intergovernmental Panel on Climate Change, Tier 3
methodology (IPCC, 2006) and Australian Greenhouse Office, Greenhouse Friendly Program —
Verification Guidelines (AGO 2007) and ISO 14 040 Life cycle assessment - Principles and
framework (2006)
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In recent years, the association between energy consumption and the environment has
become increasingly strong through the promotion of various energy efficiency
programs, the increased uptake of renewable or “green electricity”, and greater
awareness of greenhouse issues. While it is widely known that recycling results in
environmental benefits, the degree to which recycling results in energy savings is not
well understood. Consequently, there is a higher level of uncertainty associated with
water savings estimates than for greenhouse and energy savings.

Unlike energy and greenhouse results which are linked to process thermodynamics
and are therefore relatively constant between different plants, companies and
countries, water usage can vary significantly from plant to plant depending upon the
technology being used and the availability of water, particularly with regards to paper
and cardboard reprocessing.

Packaging recyclate exported from WA goes to a mix of destinations such as
Indonesia, China and Malaysia, and it was beyond the scope of this project to
determine the performance of this mixed basket of international reprocessing sites for
which pre-existing data is generally unavailable. Where specific data on reprocessing
performance in other locations is unavailable, available Australian reprocessing data
has been substituted, for both international and theoretical WA based reprocessing of
packaging.

This has the effect of masking the potential variability in water impacts of actual
reprocessing, particularly with regards to paper and cardboard reprocessing, where
variability in water consumption is particularly pronounced.

The outcome of this is that while great water savings are available for the recycling
(over disposal to landfill ) of some packaging types, such as paper, cardboard and
aluminium, the water related location benefit of reprocessing packaging is not strong.

The table below summarises the recycling benefits for greenhouse, water, energy and
landfill space savings per tonne domestic material collected for recycling in Western
Australia. Factors are presented on a per tonne of recycled material basis. Greenhouse
gas avoidance, energy, water and landfill space savings are denoted by positive
numbers while environmental costs are denoted by negative numbers.
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) L #9% % ($% ) $ %
+$ %
/ / o / / /
0 0 0
Paper/cardboard 0.99 0.93 3.64 3.47 14.71 14.71 2.84
Glass 0.25 0.15 -1.18 -1.46 1.67 1.67 2.74
Ferrous 0.21 0.06 2.17 1.76 -3.80 -3.80 6.39
Aluminium 12.77 12.55 30.02 29.41 189.06 189.06 5.47
PET 1.27 1.04 9.72 9.07 -25.21 -25.22 10.77
HDPE 0.41 0.11 9.14 8.31 -23.55 -23.55 10.77
PvC 1.44 1.38 8.61 8.42 39.78 39.78 4.93
PP 1.12 1.05 9.76 9.53 -10.40 -10.40 2.15
LPB 0.41 0.33 0.92 0.69 7.03 7.03 4.36

The material with the highest per tonne recycling benefit is aluminium due to the high
avoided product credits resulting from the energy intensive production of virgin
aluminium from bauxite. The collection and reprocessing of glass results on average in
an energy impact due to the large transport distances. In terms of water usage, the
reprocessing of ferrous metals, PET, HDPE and PP results in additional water usage.

*
The current domestic recycling activities in Western Australia results in an overall
greenhouse saving of 123,000 tonnes of CO,eq, and energy saving of 436,000 GJ,
water savings of 1,587 megalitres, and landfill space savings of 415,000 cubic metres.

This study does not include organic matter (other than paper), and as such, the CO.,eq
benefits are less than reported by some individual councils and other organisations. It
is assumed that dry recyclables are inert in landfill, except for paper.

In terms of energy savings, the recovery of paper/cardboard contributes 77% to
Western Australia’s total domestic recycling benefits. Aluminium is second on 14%. In
terms of water savings paper/cardboard is the largest contributor followed by
aluminium.
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I #% (% % +:.%
Paper/cardboard 95,374 351,131 1,433,042 276,293
Glass 4,010 -22,598 29,991 49,371
Ferrous 350 4,233 -7,733 13,008
Aluminium 17,676 41,521 262,787 7,597
PET 3,263 25,755 -68,005 29,042
HDPE 927 25,330 -66,890 30,583
PVC 74 445 2,068 256
PP 1,015 8,922 -9,572 1,981
LPB 639 1,418 11,502 7,131
Total 123,328 436,155 1,587,190 415,263
(
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About 138,000 tonnes of post consumer materials are collected for
reprocessing, from domestic sources, in Western Australia (WA) each year.
This presents significant benefits across a range of environmental impact
categories including greenhouse gas, water, energy savings and landfill
space savings.

Hyder Consulting was commissioned by the Department of Environment
and Conservation in Western Australia (DEC) to develop a tool aimed at
increasing awareness and understanding of the environmental benefits of
recycling.

+ -

Scientific conversion factors are derived from assessment calculations and
modelling using the method of Life Cycle Assessment. This ensures that all
aspects of a system are comprehensively included in the assessment from
raw materials extraction, through to collection, transport and processing of

recovered materials and end-of-life management of residuals.

For recycling systems, the dominant impacts include materials sorting,
reprocessing and transportation. Reprocessing involves input of
beneficiated materials to processing plant for conversion to a commodity
material. The dominant benefits from the system are from the avoided
product credits.

Avoided product credits arise when recovered materials are used in
another application and thereby replace the need for virgin materials.
Avoided product credits include the avoidance of impacts associated with
resource extraction, materials production and relevant manufacturing
processes. These life cycle stages have a high energy and materials
intensity and typically dominate the assessment. Because they are credited
to the recycling system, a net benefit is usually achieved. The benefits of
avoided landfill are also included.

4

This tool, the Environmental Benefits of Recycling Calculator, can be used
to calculate and demonstrate the environmental benefits resulting from
recycling commodity materials in Western Australia. For this study,
recycling performance data has been modelled and converted to
‘Conversion Factors’ for each tonne of material recycled. These Conversion
Factors are used by the Calculator to derive the net benefit for a nominated
tonnage of material.
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The Calculator shows the benefits of recycling the materials listed below,
which are collected from domestic premises as part of municipal waste
collection services in Western Australia:

paper/cardboard

glass

steel cans

aluminium

liquid paper board

polyethylene terephthalate (PET);
high-density polyethylene (HDPE)
polyvinyl chloride (PVC)
polypropylene (PP)

The benefits of recycling vary according to the system studied and are
therefore only valid for the specific conditions modelled. The calculator is only
valid for domestically generated materials collected at the kerbside in
Western Australia. It cannot be used for commercial or demolition
materials. It is based on assumptions that may change over time with
market fluctuations, changes in technology mixes and management
practices and data collection and reporting practices.

As a result of the geographic differences, and subsequently the transport
distances and collection efficiencies within Western Australia, the
Calculator distinguishes between materials that are generated in
metropolitan Perth or in regional areas.

Within metropolitan Perth, the Calculator also identifies two separate
recycling collection systems. The calculator models one and two bin
systems. The two bin system is when recyclables are collected separately
at the kerbside to residual waste. A one bin system occurs when
recyclables are collected in the same bin as domestic wastes before being
separated from the waste at a total materials recovery facility (MRF).

The Calculator also allows the user to enter a specific waste composition (if
known), or to adopt an average Western Australian recyclables composition
based on the latest available data (WA DEC, 2008).

In addition to providing Conversion Factors for current recycling practices,
the Calculator offers a hypothetical set of conversion factors that assume
local beneficiation and reprocessing of all materials. This scenario adopts
the same reprocessing assumptions as the current situation with the
exception of shorter transport distances. The materials that do not currently
have established reprocessing facilities in WA are paper/cardboard, liquid
paperboard, glass, aluminium, PET, HDPE and PVC.
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The environmental performance ‘Conversion Factors’ have been modelled
using the best available LCA Inventory data, in combination with available
local data for the specific waste and recycling systems present in Western

Australia. A case study that describes the application of the LCA
methodology to the recycling of aluminium is included in Appendix A.

It is recommended that where the Calculator is used to support decision
making that a general consideration of the limitations of the assessment
tool are included in the decision making process. The limitations include
assumptions about technology deployment and other factors that may
change over time, such as fuel efficiency during collection, separation
technology efficacy at MRF, reprocessing yields and end of life application.
In addition, limitations do exist relating to original data reliability and
accuracy, and assumptions made during calculations and modelling. Data
accuracy limitations are described in detail in Section 2.9.

An independent peer review has been carried out by Life Cycle Strategies
Pty Ltd upon the life cycle modelling undertaken through this project. The
full text of the peer review, and Hyder’s responses and actions to the
review, is provided in Appendix B.

(8
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The collection and utilisation of recycled materials for reprocessing results
in significant environmental benefits. Benefits associated with recycling are
determined for this study by the method of Life Cycle Assessment (LCA).
This approach allows for the environmental characteristics of complete
systems to be assessed, including a range of environmental impacts from
extraction from nature (cradle) to deposition back in nature (grave),

i.e. landfill emissions or final emissions to air and water.

The method involved the following stages:

System Characterisation and Boundary Definition

Inventory Analysis

Impact Assessment and Development of Conversion Factors
Model Development and Testing

Reporting.

+

Before the assessment could be conducted, existing collection and
reprocessing systems were characterised. This task was undertaken for
current practice in Western Australia for each of the unit processes within
the life cycle system from kerbside pick up through to recycling and landfill
disposal. It required an update of data from previous studies (NPCC, 2001,
DEH, 2006 & ACOR, 2007) and verification of underlying assumptions.
Recycling systems were defined by material stream, by location, either
urban or regional and by the bin system (either a two-bin system which is
commonly used in WA, or a one-bin system, as used into the City of
Stirling).

(4
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The benefits and costs (impacts) of recycled material systems have been
deducted from the distinct systems listed below in order to characterise the
environmental performance of recycling:

The collection system - includes the characteristics of the physical
system associated with pick up and transit to the Materials Recovery
Facility (MRF) including contamination losses? and their

management.

The reprocessing system —includes reprocessing characteristics
such as material beneficiation and includes a reprocessing yield
loss®.

The avoided virgin material system  — this includes the credits
associated with the virgin product that is avoided when a material is
recycled.

Avoided product credits arise when recovered materials are used in
another application and thereby replace the need to produce from virgin
materials. Avoided product credits include the avoidance of impacts
associated with resource extraction, materials production and
manufacturing process. These processes have a high energy and materials
intensity and typically dominate the assessment.

For the recycling system, impacts arising from the material losses (i.e. net
yields), as well as avoided landfill impacts, have been considered. This is in
addition to the impacts typically associated with collection, sorting and
reprocessing activities. The impacts have been expressed in terms of
greenhouse benefits, energy savings, water savings and avoided landfill
space in cubic metres.

? Contamination losses are the losses of material sent to MRF that have either been incorrectly
included in the recyclables stream (e.g. non recyclable packaging) or material that could have
been recycled but has been spoilt to the point where it has no further value as a recyclable
material (e.g. wet newspaper).

3 Reprocessing yield losses are waste materials at the reproccessor (e.g. fibre deterioration,
alloy separation, packaging labels and glue).
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The LCA Inventory is comprised of resource and energy input and pollutant
output data associated with the system under study. The inventory data
used was existing data from the SimaPro proprietary software*, and the
following sources:

Australian Greenhouse Office. (2006). Factors and Methods
Workbook.

Cardno BSD. (2007). Review of Total Recycling Activity in Western
Australia 2005/06.

CRC WMPC. (1998). Life Cycle Inventories for Transport, Energy and
Commodity Materials.

Department of Environment and Conservation NSW. (2003).
Alternative Waste Treatment Technologies Assessment Methodology
and Handbook. Prepared by Nolan-1TU.

Department of Environment and Conservation NSW. (2005; 2006;
2007). Waste and Recycling Calculator

Department of Environment and Heritage. (2006). Waste and
Recycling Submission to Productivity Commission Inquiry

Eriksson, O. & Bjorklund, A. (2002). Municipal Solid Waste Model.
Finnveden et al. (2002). Energy from waste.

Grant et al. (2001). Life Cycle Assessment for Paper and Packaging
Waste Management Scenarios in Victoria. Stage 1 & 2 Report.
Melbourne. For Eco Recycle Victoria.

Nolan-ITU. (2004). Decision Support System for the Assessment of
Integrated Resource Recovery, Western Australian Local
Government Association.

Nolan-ITU and SKM. (2001). Independent Assessment of Kerbside
Recycling in Australia.

RMIT & Nolan-ITU. (2003). Life Cycle Assessment of Waste
Management Options in Victoria (including Energy from Waste).

White, P. (1999). IWM-2 An LCI computer model for solid waste
management — model guide.

* SimaPro proprietary software is lifecycle assessment software used to collect, analyse and
monitor the environmental performance of products and services. Complex life cycles can easily
be modelled in a systematic and transparent way, following the ISO 14040 series guidelines.
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Recycling results in the avoidance of environmental impacts associated
with resource extraction and materials production and manufacturing
processes. One impact area is global warming caused by the accumulation
of greenhouse gases in the Earth’s atmosphere.

Greenhouse gas benefits are calculated in accordance with international
and national protocols and expressed in terms of carbon dioxide
equivalents (CO,eq). In characterising the greenhouse benefits, savings in
the following gases / aspects are quantified:

carbon dioxide (COy)

methane (CHy)

nitrous oxide (N,O)

other trace greenhouse gases (e.g. fluorocarbons)

sequestration.

It should be noted that the equivalence factors applied are those to meet
the 2012 international policy agreements including the Kyoto Protocol. It is
assumed that methane has a global warming potential 21 times that of
carbon dioxide while nitrous oxide has a global warming potential of 310
times that of carbon dioxide. From 2012 it is expected that the new
equivalence factors for global warming will be 23 for methane and 296 for
nitrous oxide.

Energy savings resulting from recycling are presented for each material. In
characterising the energy savings, offsets in the following categories are
quantified:

delivered electricity
process heat
transport

miscellaneous energy inputs.

The energy savings are then compared to production from virgin materials,
tallied in terms of overall savings for each material and tabled for ease of
comparison.
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In recent years, the association between energy consumption and the
environment has become increasingly strong through the promotion of
various energy efficiency programs, the increased uptake of renewable or
“green electricity”, and greater awareness of greenhouse issues. While it is
widely known that recycling results in environmental benefits, the degree to
which recycling results in energy savings is not well understood.

One of the main reasons for this is the comparatively high visibility of
downstream collection and sorting processes (energy inputs) as compared
to the low visibility of upstream manufacturing and distribution (energy
savings).

Much of the energy savings arise from paper / cardboard recovery, where
the energy required for harvesting raw materials, subsequent pulping
activities and process heat are avoided. It should be noted here that much
of the energy required for paper / cardboard production is generated
through the combustion of biomass and, because greenhouse gas
emissions from the combustion of biomass are considered to be part of the
natural carbon cycle, energy savings associated with the recycling of paper
and cardboard are considerably higher than the corresponding greenhouse
savings.

As with greenhouse gas and energy savings, the water savings resulting
from recycling are presented on a per tonne basis for each material.

Unlike energy and greenhouse results which are linked to process
thermodynamics and are therefore relatively constant between different
plants, companies and countries, water usage can vary significantly from
plant to plant depending upon the technology being used and the
availability of water, particularly with regards to paper and cardboard
reprocessing.

Packaging recyclate exported from WA goes to a mix of destinations such
as Indonesia, China and Malaysia, and it is beyond the scope of this project
to determine the performance of this mixed basket of international
reprocessing sites for which pre-existing data is generally unavailable.
Where specific data on reprocessing performance in other locations is
unavailable, available Australian reprocessing data has been substituted,
for both international and theoretical WA based reprocessing of packaging.

This masks the potential variability in water impacts of actual reprocessing,
particularly with regards to paper and cardboard reprocessing, where
variability in water consumption is particularly pronounced.

The outcome of this is that while great water savings are available for the
recycling (over disposal to landfill ) of some packaging types, such as
paper, cardboard and aluminium, the water related location benefit of
reprocessing packaging is not pronounced.
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It is worth noting that the recycling of HDPE, PET and PP, while resulting in
greenhouse and energy benefits, actually utilises more water than the virgin
product system. This is due to the low density / high surface area nature of
plastic containers and the sorting / washing process required during the
reprocessing of these materials.

1

The reprocessing of precious commodities provides energy, water and
greenhouse savings, as mentioned above. The activity also contributes to
the avoidance of disposal to landfill.

For any quantity of material sorted at source for recycling, a proportion is
rejected at the MRF and a further proportion is generated as waste at the
reprocessor through reprocessing yield losses.

The compacted density of a material determines the volume that a given
mass of the material will take up in landfill. The total landfill space saved is
calculated from compacted material densities and waste generated in the
recycling process, i.e. MRF rejects and reprocessor yield losses collectively
termed ‘losses’ in this study.

1 "<2 + + & < = ">>?7@">>5%
Material Density (t/m3)* Losses
Paper/cardboard 0.2115 40%
Glass 0.28 23%
Steel 0.12 23%
Aluminium 0.139 24%
PET 0.072 22%
HDPE 0.072 22%
PVvC 0.156 23%
PP 0.36 23%
LPB 0.13 43%
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Due to transport implications, life cycle impacts of recycling are modelled
for urban Perth separately from other regional areas. To determine the total
recycling benefits in the state, the population split between urban (Perth)
and regional areas is based on ABS Demographic Statistics and 2001
Census data (ABS, 2006; undated), see Table 2-2. Included in the category
“Urban” is Perth while “Regional” includes other Major Urban Areas and
Other Urban, i.e. population centres with more than 1,000 people. Bounded
Locality and Rural Balance (populations of up to 999 people) have been
excluded based on the assumption that these localities are not serviced by
a kerbside collection system.

1<t 3

Population split 73% 27%

The collection efficiency of recyclables varies depending on urban/regional
conditions and also with the type of material collected. Data on transport
distances is drawn from NPC (2001) background material (also published in
Appendix A and in Appendix E of the same report) and personal
communications with Tony Morrissey (2007) regarding collection and
unloading times and ACOR (2007). Times are allocated per tonne of
material.

The transport of materials from MRF to local reprocessing facilities and also
the transport of reject materials to landfill assume use of rigid trucks with an
average payload of 7.5 tonnes. Transport of rejects to landfill is assumed to
be 20km. The use of articulated trucks is assumed in modelling for long
distance (interstate) haul.

Transport implications of the avoided landfill system offer a small saving in
terms of the efficiency gain of garbage collection compared with collection
of kerbside recyclables. This saving is negligible with respect to the overall
results of the assessment and amount to about 10% of the transport load
associated with recycling collection or less than 0.5% of the overall system.
As the boundary cut-off rule adopted for LCA is typically 5% significance,
this aspect of the system has not been modelled.
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Estimated material quantities and compositions for the one and two-bin
recycling systems are provided below. Best available data was used for
material recycled from the two bin system, Cardno (2007). Recycled
material quantities for the one bin system was provided to Hyder by DEC
WA (2008) and not calculated independently.

1 "<, # '+ $' %
Material ggset-ebr;n E}I/vsotebrlr? Total
Paper/cardboard 18,745 78,649 97,394
Glass 548 17,452 18,000
Steel 294 1,743 2,037
Aluminium 130 1,260 1,390
PET 72 2,625 2,697
HDPE 57 2,783 2,840
PVC - 52 52
PP - 920 920
LPB 273 1,363 1,636
Total 20,120 106,846 126,966
1 "<4 + Yo+
Material One-bin Two-bin
system system
Paper/cardboard 93.2 73.6
Glass 2.7 16.3
Steel 15 1.6
Aluminium 0.6 12
PET 0.4 25
HDPE 0.3 2.6
PVvC 0.0 0.0
PP 0.0 0.9
LPB 1.4 1.3
Total 100.0 100.0
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Average recycling rates are assumed in this study for each bin system. For
a two bin system, the WA average recycling rate is 202 kg per household
and for the one bin system is 264kg (WA DEC 2008).

The transit of materials for reprocessing involves a complex pattern of
distances that varies by material and is highly specific to the state of origin.
Materials collected may be transported locally, interstate or overseas for
reprocessing.

The average transport distance of 275km between regional Western
Australia and Perth (NPCC, 2001) is used as one of the differentiating
factors between regional and urban centres. Note that this is the distance
from Perth to the average regional population centroid and may not be as
accurate if applied to outlying towns such as the Kimberley and Pilbara
regions.

Transport implications of the avoided landfill system offer a small savings in
terms of the efficiency gain of garbage collection compared with collection
of kerbside recyclables. This saving is negligible with respect to the overall
results of the assessment and amount to about 10% of the transport load
associated with recycling collection or less than 0.5% of the overall system.
As the boundary cut-off rule adopted for LCA is typically 5% significance,
this aspect of the system has not been modelled.

For the second scenario — with local reprocessing of all materials — an
average transport distance from Perth of 25km has been assumed for
those materials not currently having established reprocessing facilities in
the state, i.e. paper/cardboard, liquid paper board, glass, aluminium and
PVC. The distance of 25km is chosen as it is within the range of the
distances for the current reprocessing facilities, i.e. typically between 13
and 31km, with some exceptions.

The environmental benefits of material reprocessing are largely dependent
on the “value” of the reprocessed product. The “avoided product credit” that
is obtained when a secondary material is substituted for a virgin one is
significant and includes all avoided resource extraction, refining and
processing to the point of the commaodity material substitution stage.

The recycling benefits of paper and cardboard are limited within the life
cycles modelled by the exclusion of the paper fraction which is not
recycled, but is recovered for its organic value.

The assumptions regarding the end-use application of reprocessed material
products are summarised in Table 2-5.
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Packaging recyclate exported from WA goes to a mix of destinations such
as Indonesia, China and Malaysia, and it is beyond the scope of this project
to determine the performance of this mixed basket of international
reprocessing sites for which pre-existing data is generally unavailable.
Where specific data on reprocessing performance in other locations is
unavailable, available average Australian reprocessing data has been
substituted, for both international and theoretical WA based reprocessing of
packaging.

- - + ++

Paper/cardboard | Packaging, cardboard products, | Approximately 35% of the domestic

and LPB newsprint, writing paper paper/cardboard mix is recycled into newsprint and
65% into cardboard. This is the assumption used
for modelling from ACOR, 2007, derived from
industry data on annual paper recycling (AP3,
2007)

Glass Bottles Other destination products include; water filtration,
air blasting abrasives, brick additives and
landscaping applications, reflective beads in road
paints, backfill in pipe and road bed construction.

Steel packaging Input into general steel making | No specific products, steel packaging is used as a
general input into steel mills.
Aluminium cans Aluminium cans Other destination products include; general
aluminium ingot, ingot to auto, valves.
PET (1) Beverage bottles Other destination products include fibre
applications such as geotextiles.
HDPE (2) Pallets, agricultural pipe, bins HDPE is also recycled in large volumes in mixed
and crates. polymer plastic products, such as timber
replacement products.
PVC (3) Pipe, floor coverings PVC is also recycled into mixed polymer plastic
products.
PP (5) Plant pots and outdoor furniture PP is also recycled into mixed polymer plastic
products.
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Paper/cardboard1 97,394 (77%) 23,171  (24%) 6,121 (6%) 68,102 (70%)
Glass' 18,000  (14%) 18,000 (100%)

Tinplate Steel® 2,037 (2%) 102 (5%) 1,935 (95%)
Aluminium?® 1,390 (1%) 195  (14%) 1,195 (86%)
PET’ 2,697 (2%) 279 (10%) 490  (18%) 1,927 (71%)
HDPE® 2,840 (2%) 242 (9%) 550  (19%) 2,048 (72%)
PVC® 52 (0%) 52 (100%)
PP® 920 (1%) 149 (16%) 771 (84%)
LPB* 1,636 (1%) 1,636 (100%)
Total 126,966 34,603 (66%) 25,386  (8%) 77,666 (25%)

! cardno, 2007

% Kerbside collected tinplate steel (containers) SCRC, 2006 as distinct from building and demolition type waste such
as sheet and construction steel

® Total quantities from Cardno, 2007. Split from WA DEC, 2007.

* No known local reprocessing, assumed 100% export.

® PACIA, 2006

® WA DEC (2008) and industry data

1 "<A +
- 1 ; !
Paper/cardboard Coolaroo/Fairfield, Vic Malaysia/China
Glass Port Adelaide, SA
Steel Forrestfield/Kwinana Malaysia/China
Aluminium Yennora, NSW Malaysia/China
LPB China
PET Midvale/Welshpool Prestons, NSW China
HDPE Midvale/Welshpool Kilburn, SA China
PVC China
PP Midvale/Welshpool China
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The best publicly available Australian data on recycling systems has been
used in the models developed for this study (Nolan-ITU, 2001; RMIT, 2002;
RMIT & Nolan-ITU, 2003; Hyder, 2007). This may include a technology
range or a nominated technology, and is typically sourced from literature
with industry validation where possible. Facility specific data is proprietary
information and has not been used for this study.

The best available data may contain data gaps and anomalies exist. It is
recommended that use of the model is restricted to decision support or that
published results should accompany a qualifier regarding the limitations of
the study.

Data accuracy limitations arise from:

a Conversion Factors are derived from secondary data

The study has not involved data collection on process performance or
validation against primary data from industry and as such the data
accuracy cannot be guaranteed. Further, for this study there is no
attempt to include a confidence range for the ‘Conversion Factor’.

b Data gaps and inconsistencies in the original data

Conversion Factors may be based on data sets that have data gaps
or different geographical and spatial validity ranges that are not
obvious from the final results.

For example Australia average electricity data was used in the
modelling. However, had specific WA electricity generation data been
modelled, the per MJ benefit would have been improved by less than
2% per MJ of energy. As the electricity use accounts for less than
30% of the net system impact, the significance of this is less than 1%
of the overall system and hence can be ignored.

C Assumes linear relationship between per tonne benefit and the
recycled quantity

It is important to recognise that the ‘per tonne’ benefit of recycling
does not correlate strictly with the quantity recycled. For some
materials, this ‘per tonne’ benefit diminishes as the rate increases for
others, economies of scale result in the per tonne benefit increasing.
The “per tonne” benefit is highly variable for most materials at
different recovery rates. Further, the benefit will shift in accordance
with a large number of variables including processing yield
(influenced by contamination and process control issues etc),
collection demographics, transfer distances etc.

(13
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d A lack of completeness in regard to the impact categories

In addition, a lack of completeness in regard to the impact categories
studies can bias the final results when the impact categories that are
excluded (for example: acidification, human toxicity, photochemical
oxidation potential etc.) do not correlate with the categories that are
reported. An attempt should be made to give regard to the broad suit
of impacts categories when using the conversion factors for
greenhouse and water and energy use.

An independent peer review has been carried out by Life Cycle Strategies
Pty Ltd upon the life cycle modelling undertaken through this project. The
full text of the peer review, and Hyder’s responses and actions to the
review, is provided in Appendix B.
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The conversion factors used in the calculator are summarised in this
section. Factors are presented on a per tonne of recycled material basis.

8//! +
The results of the modelling are presented in Table 3-1 below. Note that
greenhouse gas avoidance is denoted by positive numbers while
greenhouse gas generation is denoted by a negative number.
The material with the highest per tonne benefit is aluminium due to the high
avoided product credits resulting from the energy and materials intense
refining stages. The interstate reprocessing of HDPE results in a
greenhouse burden due to transport related impacts.
Some of the benefits are considerably lower than indicated in earlier
studies (e.g. NSW DEC, 2005;2006;2007 & RMIT, 2005). This is a result of
updated inventory data in the 2007 databases of the life cycle modelling
software, SimaPro. As an example the benefits of steel are lower than
previously believed due to more updated data on pig iron production.
1 <2 '+ -#$ %3

: !

) /0 / /0 / /0 /
Paper/cardboard 1.02 0.96 0.84 0.78 1.00 0.94
Glass - - 0.25 0.15 - -
Ferrous 0.23 0.08 - - 0.20 0.06
Aluminium - - 12.79 12.30 12.77 12.59
PET 1.47 1.23 0.53 0.29 1.43 1.20
HDPE 0.58 0.28 -0.19 -0.49 0.55 0.25
PVC - - - - 1.44 1.38
PP 1.15 1.07 - - 1.12 1.04
LPB - - - - 0.41 0.33
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The results of the cumulative energy modelling are presented in Table 3-2
below. As with greenhouse gases, energy savings are denoted as positive
numbers while energy consumption is denoted by negative numbers.
Energy is reported in delivered energy, rather than in-ground energy, and
therefore values derived from the modelling factor have been multiplied by
approximately 0.2. In-ground energy is the energy contained within a
resource, such as coal, prior to any energy inputs/losses relating to
processes such as mining and power generation losses. Delivered energy
is the energy made available from the resource at the point of usage.

The material with the highest per tonne benefit is again aluminium due to
the electricity intensive production of virgin aluminium from bauxite. The
interstate reprocessing of glass results in a net energy cost due to the large
transport distances. This is due to the energy cost of transport being
greater than the energy credit from avoided product credits.

1 <& '+ ($ %
: |
/ 0 / / 0 / 0 / / 0

Paper/cardboard 3.72 3.55 3.19 3.01 3.66 3.48
Glass - - -1.18 -1.46 = =
Ferrous 2.23 1.82 - - 2.17 1.76
Aluminium - - 30.01 28.63 30.03 29.54
PET 10.28 9.61 7.57 6.90 10.19 9.54
HDPE 9.63 8.80 7.44 6.60 9.54 8.71
PVC - - - - 8.61 8.42
PP 9.83 9.61 - - 9.75 9.52
LPB - - - - 0.92 0.69

NB — The greenhouse gas balance does not correlate to the energy
balance because of total and trace GHGs associated with point source
emissions. These exist for both the systems under study and avoided
systems associated with recycling.
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Within Table 3-3, water savings are denoted as positive numbers while
water consumption is denoted by negative numbers. Aluminium has again
the highest per tonne benefits. The reprocessing of ferrous metals, PET,
HDPE and PP results in an additional water usage.

1 5 '+ *$ %
/o ! 0 0 VA
Paper/cardboard 14.71 14.71 14.71 14.71 14.71 14.71
Glass = = 1.67 1.67 - =
Ferrous -3.80 -3.80 - - -3.80 -3.80
Aluminium - - 189.06 189.05 189.06 189.06
PET -25.21 -25.22 -25.21 -25.22 -25.21 -25.22
HDPE -23.55 -23.55 -23.55 -23.55 -23.55 -23.55
PVC - - - - 39.78 39.78
PP -10.40 -10.40 - - -10.40 -10.40
LPB - - - - 7.03 7.03
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8/%

1

Total landfill space savings are calculated from the known densities, and
material losses at the MRF and reprocessor (refer section Table 2-1) and
are expressed in m® per tonne of material diverted from landfill.

1 <4* + $ %
Material Space saving (m °)
Paper/cardboard 2.84
Glass 2.74
Ferrous 6.39
Aluminium 5.47
PET 10.77
HDPE 10.77
PVC 4.93
PP 2.15
LPB 4.36

As the user of the ‘Environmental Benefits of Recycling Calculator’ is not
able to influence the reprocessing location of the materials, average
conversion factors are calculated for use in the calculator. Table 3-5
summarises the conversion factors for greenhouse, water and energy
savings per tonne material collected while Table 2-1 presents the
alternative factors under a local reprocessing scenario.

Factors for current practices are weighted to represent the average split
between urban and regional generation as well as the average split
between local, interstate and overseas reprocessing, refer Table 2-2 and
Table 2-6. The alternative conversion factors are weighted to take into
account the average split between urban and regional generation only,

Table 2-2, as all reprocessing is assumed to be conducted within Western
Australia.
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*
&
L #$ % ($ % ) $ %
) +$%
/ o / / /
0
Paper/cardboard 0.99 0.93 3.64 3.47 14.71 14.71 2.84
Glass 0.25 0.15 -1.18 -1.46 1.67 1.67 2.74
Ferrous 0.21 0.06 2.17 1.76 -3.80 -3.80 6.39
Aluminium 12.77 12.55 30.02 20.41 189.06 189.06 5.47
PET 1.27 1.04 9.72 9.07 -25.21 -25.22 10.77
HDPE 0.41 0.11 9.14 8.31 -23.55 -23.55 10.77
pPvC 1.44 1.38 8.61 8.42 39.78 39.78 4.93
PP 1.12 1.05 9.76 9.53 -10.40 -10.40 2.15
LPB 0.41 0.33 0.92 0.69 7.03 7.03 4.36
1 <? /
*
&
L #$ % ($ % ) $ %
) +$%
/ o / / /
0
Paper/cardboard 1.02 0.96 3.72 3.55 14.71 14.71 2.84
Glass 0.89 0.79 0.66 0.38 1.67 1.67 2.74
Ferrous 0.23 0.08 2.23 1.82 -3.80 -3.80 6.39
Aluminium 12.48 12.62 30.25 29.60 189.05 189.06 5.47
PET 1.47 1.23 10.28 9.61 -25.21 -25.22 10.77
HDPE 0.58 0.28 9.63 8.80 -23.55 -23.55 10.77
PVC 1.47 1.41 8.69 8.50 39.78 39.78 4.93
PP 1.15 1.07 9.83 9.61 -10.40 -10.40 2.15
LPB 0.44 0.36 1.00 0.77 7.03 7.03 4.36
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*

]
The current domestic recycling activities in Western Australia results in an
overall greenhouse saving of 123,000 tonnes of CO,eq' and energy saving
of 436,000 GJ, water savings of 1,588 megalitres, and landfill space
savings of 415,000 cubic metres, see table below.

This study does not include organic matter (other than paper), and as such,
the CO,eq benefits are less than reported by some individual councils and
other organisations. It is assumed that dry recyclables are inert in landfill,
except for paper.

These benefits are calculated by multiplying the tonnes recycled of each
material by the respective conversion factor.

Paper/cardboard, contributes approximately the greatest proportion of the
overall greenhouse benefit. Despite the small quantity collected for
reprocessing, aluminium is still contributing 8% to the overall greenhouse
benefit.

In terms of energy savings, the recovery of paper/cardboard results in the

greatest savings — contributing 80% of Western Australia’s total domestic

recycling benefits. Aluminium is second on 14%. In terms of water savings
paper/cardboard is the largest contributor, followed by aluminium.

Under the alternative scenario with only local reprocessing the
corresponding savings would be 138,000 tonnes of CO,eq, 481,000 GJ and
1,587 megalitres, refer Table 3-8.

1 <A1 ' "
! *

) | #% (% % + %
Paper/cardboard 95,374 351,131 1,433,042 276,293
Glass 4,010 -22,598 29,991 49,371
Ferrous 350 4,233 -7,733 13,008
Aluminium 17,676 41,521 262,787 7,597
PET 3,263 25,755 -68,005 29,042
HDPE 927 25,330 -66,890 30,583
PVC 74 445 2,068 256
PP 1,015 8,922 -9,572 1,981
LPB 639 1,418 11,502 7,131
Total 123,328 436,155 1,587,190 415,263
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Table 3-8 below shows the savings that would be achieved under the
hypothetical scenario, if all materials were reprocessed in WA. A summary
of the differences between the benefits of this scenario with the current

scenario is presented in Table 3-9.

1 <51 '
*

) L. #% % % + %
Paper/cardboard 98,183 358,983 1,433,069 276,293
Glass 15,504 10,537 29,996 49,371
Ferrous 394 4,348 -7,733 13,008
Aluminium 17,395 41,827 262,786 7,597
PET 3,786 27,251 -68,004 29,042
HDPE 1,420 26,720 -66,889 30,583
PvC 76 449 2,068 256
PP 1,039 8,988 -9,571 1,981
LPB 689 1,549 11,502 7,131
Total 138,485 480,652 1,587,224 415,263
1 <B

*

) L. #% % % + %
Paper/cardboard 2,809 7,852 26 0-
Glass 11,493 33,135 5 0-
Ferrous 44 115 1 -0
Aluminium -281 306 -1 0-
PET 524 1,496 1 0-
HDPE 493 1,391 1 0-
PVC 2 4 0 0-
PP 25 66 0 0-
LPB 50 131 1 0-
Total 15,157 44,496 34 0-
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The benefit of recycling is demonstrated for aluminium in the figure below.
The figure shows the LCA model for aluminium recycling. The thickness of
flow arrows represents the magnitude of impact/benefit with impacts
represented by the red flows and benefits by the green. The relative
environmental significance of the various life cycle stages is indicated in the
flow chart for the greenhouse benefit. The greenhouse performance
correlates well to other impact categories. The functional unit is 1 kg of
recycled aluminium.

The component processes of the recycling collection and processing
systems are predominantly small impacts. The only anomaly for the
recycling collection system is the small green flow (benefit) associated with
the avoided garbage collection (vehicle use) associated with the collection
service. The benefit of avoided landfill is not quantified as it is assumed that
aluminium is inert in landfill.
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When a material is recycled, there is a cost associated with the transport
during kerbside collection, transfer to MRF and transit to reprocessing.

For aluminium this includes transport to Yennora in Sydney (32%) or
overseas (67%).

There are also the impacts associated with the beneficiation of the recycled
resource. For aluminium this includes demagging which is an energy and
materials intensive process.
*

+ 1
The impacts associated with the recycling collection and reprocessing
system are vastly overshadowed by the material and energy load
associated with the avoided product credit — or the commodity material that

is avoided because a recycled material is used — in this case the aluminium
ingot.

While the recycling collection and reprocessing systems often are
considered to have a relatively high transport impact, by way of comparison
with the virgin system which is more than an order of magnitude greater
and includes transport of bulk ore as bauxite for refining to alumina, then
transport to smelter prior to transport to finishing processes and market.
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Primary aluminium — LCA modelling of the greenhouse impact of primary aluminium product. These impacts form the credit
when material is recycled and utilised as a substitute for virgin (primary) aluminium.

The component processes of the primary ingot offset are illustrated separately in the figure below. While the details of the
processes are not made explicit, the order of impacts is made clear by the width of flow arrows.
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Life Cycle Strategies was asked to provide a critical review of the report on
the ‘benefits of recycling municipal waste’ for use in an online calculator.
Specifically it was requested that the report be reviewed to check whether it
IS in accordance with ISO 14040 standards. This means that the following
methods used to carry out the LCA should be consistent with the 1ISO
14040 standard for LCA:

the methods used to carry out the LCA are scientifically and
technically valid;

the data used are appropriate and reasonable in relation to the goal
of the study;

the interpretations reflect the limitations identified and the goal of
the study; and

the study report is transparent and consistent.

$/:

There are two ways to view the report and calculator. As an LCA in its own
right, it is deficient in a number of aspects, particularly with respect to
documentation of the inventory and its assumptions. There are other
sensitivity and quality checks and documentation in the results and
interpretation section which would normally accompany and LCA.
Alternatively the report can be view as an environmental benefits calculator
derived from existing LCAs. In this respect the report and calculations are
sufficient. The general level of detail in the report is appropriate and the
modelling of alternative recycling locations is simple but appropriate given
the uncertainties and unknown alternative recycling locations.

Hyder response: The project scope and Hyder proposal were both specific
in describing the project report as 'succinct’, and to be a supporting
document to inform the general user of the calculator. Therefore the second
view of the report and calculator identified by the reviewer is the
appropriate one.

8/.

3.1 Goal and scope

The goal of the study is articulated as: ‘increasing awareness and
understanding of the environmental benefits of recycling.” Within this scope
the report is largely sufficient, but the decision-making part of the tool that
examines recycling from different locations is very general and would not
be sufficient for policy-making purposes.

Hyder response: The calculator is intended as an "easy to use tool that the
public can use to assist them in understanding how they can maximise their
recycling efforts and get a sense of the benefits this can have in terms of
greenhouse gas, water and energy savings".
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The scope and limitations of the study are described. What is missing is
clear description of the system boundary and calculation approach. Its not
clear in the report if avoided landfill benefits are included for paper and or
other materials.

Hyder response: Kerbside recyclable materials are assumed inert in landfill
except for paper. These assumptions are incorporated in the LCA
modelling and hence avoided landfill for paper are included.

The list of greenhouse impacts should include other greenhouse gases
such as per-fluorocarbons associated with aluminium production. The
approach to carbon sequestration should be made clear, as the AGO does
not credit greenhouse sequestration in landfill or compost.

Hyder response: In addition to the basic greenhouse gases of CO,,
methane and nitrous oxide, 25 trace gas are included. Many of these are
fluorocarbons . They are grouped in the "other" category within the
characterisation model. Sequestration is excluded for the purpose of this
study in accordance with the AGO and DEC guidelines. Its inclusion
remains a technical debate.

3.2 Data sources

The data used in the study has largely been derived from earlier recycling
LCAs in Victoria and New South Wales and from data supplied in the
Australian Life Cycle Inventory Database. While this is appropriate for the
most part, some of the assumptions in the data could be challenged as
recycling technologies change both over time and in different locations.

Hyder response: The method agreed by the WA DEC and Hyder was to
use a 'streamlined approach' to LCA data collection, using the best
available pre-existing data, supplemented with location specific data if
required. If improved data is collected and provided at a later date, we
would be happy to incorporate it into the LCA models if required.

The reporting and documentation of the inventory is almost non-existent
and therefore does not allow industry or users to verify the results or
understand the detailed dynamics of the recycling process. It is understood
that this aspect is constrained by the scope for the study, however to gain
confidence and understanding by consumers and industry around recycling
benefits a more transparent approach for those interested would be of great
benefit.

Hyder response: The report is written to inform general users of the
calculator, and to limit the scope to a manageable level is not designed to
allow an LCA practitioner to reproduce the LCA models from scratch.

Of the selected data, the material recycling data is mostly appropriate for
the calculator. The exception is data on paper recycling and virgin
production. This data derives from the original data collection effort in 1997
with reference to data before this date. Newer data was developed in the
Australian Life Cycle Inventory Database in 2005 based on an energy
balance of the paper industry and environmental reports produced by Visy
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and other paper companies. The important missing points are the
correction of energy use in paper making versus pulp production and a
better specification of fossil and biomass energy in each of these
processes.

Hyder response: A sensitivity analysis has been conducted to assess the
significance of using the updated data. We believe that there are still
uncertainties about the new data and its geographical representativeness
and have preferred to use the old data. New data may be selective to high
performing sites.

The data modification for alternative recycling locations is not corrected for
electricity or energy use in alternative locations. While this has only a small
effect, as most of the destinations have similar electricity grids to Australia,
it could be corrected particularly for alternative Australian production.

Hyder response: This point is acknowledged. A sensitivity analysis has
been conducted to assess the significance of using the local data and we
believe it is not highly significant - less than 5% impact on the final results.

3.3 Results

The use of the term ‘conversion factors’ is confusing as the factors are not
conversions but impact results or emission factors. ‘Impact factors’ would
be a better term for these impact multipliers.

Hyder response: Agreed with respect to LCA practitioners — however
numerous government reports have adopted this terminology.

All the energy savings used in the calculator appear to be incorrect
according to other LCA data and the LCA data being generated from
Hyder’s SimaPro model. For example, the aluminium energy savings are
much too low for aluminium recycling. Typical embodied energy numbers
for aluminium production are about 200MJ per kg, and the recycling saving
percentage is usually about 80-90%, so the energy saving should be about
160-180GJ/ tone not 30GJ. Plastics recycling seems similarly too low with
savings typically being 30-50 GJ/kg rather than 10GJ. Steel savings should
be in the order of 15-20 GJ/tonnes.

The report quotes that its delivered electricity is used instead of primary
energy values with a multiplier of around 0.2. As much of the energy saving
are not from electricity and given that no electricity technology in Australia
operates at 20% efficiency, this approach seems flawed and confusing and
is unlikely to increase comprehension of the results.

Hyder response: Energy data has been converted from "in ground" as
reported in LCA circles to “delivered energy” — a term more relevant to
householders and government. This factor is used to render energy in a
more meaningful way to the householder and is not intended to represent
actual electricity.
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The calculator and report do not constitute an LCA in accordance with 1ISO
14040. However, it is not clear that this was the intention. As a recycling
benefits calculator, the report contains a reasonable summary of data
assumptions, sources and approaches suitable for a very general audience
rather that a specialised industry or policy audience.

Hyder response: Responded to earlier.
The three areas for potential improvement are:

consistency of application of landfill offsets or improved
documentation of the approach implemented.

a more meaningful representation of energy results.

out-of-date paper data used in the LCA model.

Hyder response: Responded to earlier.
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