
 
 

 

 

 

 

 

Life Cycle Assessment  
of  the Return and Earn 
Container Deposit Scheme 

  

  

 

  

   

   

 

  

  

  

  

 

 

 

 

 

 

UNDERTAKEN BY LIFECYCLES FOR EXCHANGE FOR CHANGE  

11thOCTOBER 2021 

 

 



FINAL REPORT  11TH OCTOBER 2021 

 

ii | P a g e  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Citation 
Grant, T., and Berenyi T, (2021) Life Cycle Assessment of the Return and Earn Container Deposit Scheme, 
Lifecycles, September 2021, Melbourne. 

 

Copyright  
© 2021 Lifecycles. To the extent permitted by law, all rights are reserved, and no part of this publication 
covered by copyright may be reproduced or copied in any form or by any means except with the written 
permission of Lifecycles. 

 

Important disclaimer 
Lifecycles advises that the information contained in this publication comprises general statements based 
on scientific research. The reader is advised and needs to be aware that such information may be 
incomplete or unable to be used in any specific situation. No reliance or actions must therefore be made 
on that information without seeking prior expert professional, scientific and technical advice. To the extent 
permitted by law, Lifecycles (including its employees and consultants) excludes all liability to any person for 
any consequences, including but not limited to all losses, damages, costs, expenses and any other 
compensation, arising directly or indirectly from using this publication (in part or in whole) and any 
information or material contained in it. 



3 

 

3 | P a g e  

 

Table of Contents 

Tables and figures 4 

1 Introduction 5 

1.1 Context ....................................................................................................................................................... 5 

1.2 Life cycle assessment ................................................................................................................................ 5 

1 Goal 8 

1.1 Reason for the study .................................................................................................................................. 8 

1.2 Intended audience .................................................................................................................................... 8 

1.3 Calculation approach ................................................................................................................................ 8 

2 Scope 9 

2.1 Functional unit............................................................................................................................................ 9 

2.2 System boundaries, included and excluded processes ........................................................................ 9 

2.3 Allocation procedures ............................................................................................................................. 10 

2.4 Data quality requirements ...................................................................................................................... 10 

2.5 Impact assessment categories and characterisation models.............................................................. 11 

2.6 Critical review ........................................................................................................................................... 12 

2.7 Data requirements ................................................................................................................................... 12 

2.8 Data on container numbers and distributions ...................................................................................... 13 

2.9 Assumptions on containers and distances ............................................................................................ 13 

2.10 Recycling inventory data ......................................................................................................................... 15 

3 Impact assessment results 18 

3.1 Limitations and opportunities for improvement................................................................................... 18 

4 Interpretation 19 

4.1 Contribution analysis ............................................................................................................................... 19 

4.2 Impacts per kg of material recycled. ..................................................................................................... 23 

4.3 Sensitivity analysis .................................................................................................................................... 24 

4.3.1 Container mix and weights .......................................................................................................... 25 

4.3.2 Inclusion of kerbside contribution .............................................................................................. 25 

4.4 Data quality assessment .......................................................................................................................... 26 

4.5 Equivalence Metrics ................................................................................................................................ 27 

5 Discussion 27 

6 Conclusion 28 

7 References 29 

Critical Review Statement 30 

 



FINAL REPORT  11TH OCTOBER 2021 

 

4 | P a g e  

 

 

 

Tables and figures 
Figure 1 Framework for life cycle assessment. ................................................................................................ 6 

Figure 2 Inputs and outputs of a unit process in LCA. .................................................................................... 6 

Figure 3 Linking unit processes in an LCA to produce the functional unit. .................................................. 7 

Figure 4 Container deposit system boundary schematic ............................................................................... 9 

Figure 5   Climate Change kg CO2e impact per 1000 containers .............................................................. 19 

Figure 6   Energy depletion impacts in MJ NCV impact per 1000 containers ........................................... 20 

Figure 7   Water use impacts in m3 per 1000 containers ............................................................................. 21 

Figure 8   Particulate matter impacts in g PM2.5 per 1000 containers ....................................................... 22 

Figure 9   Climate change impacts in kg CO2e per kg of aluminium, 10 kg of PET and 50kg of glass 
material entering CDS ...................................................................................................................................... 24 

 

Table 1 Data quality assessment framework.................................................................................................. 10 

Table 2 Impact assessment categories and characterisation models retained in this LCA ...................... 11 

Table 3 Breakdown of collections by return point types (Source: Return and Earn, 2021) ...................... 13 

Table 4 Breakdown of collections based on NSW Zones (Source: Return and Earn, 2021) ..................... 13 

Table 5 Breakdown of materials in collections (Source: Return and Earn, 2021) ...................................... 13 

Table 6 List of modelling assumptions ........................................................................................................... 14 

Table 7 Inventory data for recycling of PET containers ................................................................................ 15 

Table 8 Inventory data for recycling of aluminium containers ..................................................................... 16 

Table 9 Inventory data for recycling of glass containers .............................................................................. 16 

Table 10 Inventory data for recycling of liquid packaging board containers ............................................ 16 

Table 11 Inventory data for recycling of HDPE containers ........................................................................... 17 

Table 12 Benefits for 1000 containers recycled through CDS ..................................................................... 18 

Table 13 Results for 1 kg of materials entering CDS..................................................................................... 23 

Table 14 Sensitivity analysis results for changes in container mix and container mass ............................ 25 

Table 15 : Results with and without the inclusion of kerbside fraction of contains processed by CDS .. 25 

Table 16 Data quality assessment. .................................................................................................................. 26 

Table 17 Metrics including impact of kerbside collections .......................................................................... 27 

 

 

 

file:///L:/Dropbox%20(Lifecycles)/!!LCS%20Team%20Folder/!Projects/Exchange%20For%20Change%20-%20Return%20and%20Earn/Report/Return%20and%20Earn%20Report%20Final.docx%23_Toc84865787
file:///L:/Dropbox%20(Lifecycles)/!!LCS%20Team%20Folder/!Projects/Exchange%20For%20Change%20-%20Return%20and%20Earn/Report/Return%20and%20Earn%20Report%20Final.docx%23_Toc84865788
file:///L:/Dropbox%20(Lifecycles)/!!LCS%20Team%20Folder/!Projects/Exchange%20For%20Change%20-%20Return%20and%20Earn/Report/Return%20and%20Earn%20Report%20Final.docx%23_Toc84865789


5 

 

5 | P a g e  

 

1 Introduction 

1.1 Context 

Administered by Exchange for Change on behalf of the NSW Environment Protection Authority (EPA), the 
New South Wales (NSW) container deposit scheme aims to reduce the amount of litter entering the 
environment by incentivising the diversion of commonly found waste to become recyclable commodities 
by offering a financial recompense.  

The Return and Earn scheme provides consumers with multiple ways to participate across the state, with 
627 return points available for eligible items to be exchanged for money. There are five types of return 
points, which are:  

▪ Automated Depots (AD) 
For any number of containers, have staff and offer a range of services. 

▪ Reverse Vending Machines (RVM) 
Self-service system, ideal for up to 500 containers).  

▪ Reverse Vending Centres (RVC) 
Larger RVMs for urban locations. 

▪ Over the Counter (OTC) 
Typically, staffed retail outlets, good for cash-in-hand refunds with <100 containers. 

▪ Donation Collection Point (DCP) 
Self-service and donation only, ideal for on the go returns (cannot accept glass). 

This life cycle assessment (LCA) aims to establish a robust baseline for the environmental benefits of 
diverting recyclable waste from becoming pollution or landfill. This information will then be used to develop 
a tool for consumers to estimate the impact of their actions in the hope it will motivate greater participation 
in the program.  

 

1.2 Life cycle assessment 

Life Cycle Assessment (LCA) is a methodology used for assessing the environmental impacts from ‘cradle-
to-grave’ of products and processes. This is achieved by calculating the impact of material flows at each 
stage of the system, both upstream and downstream. LCA aims to include all important environmental 
impacts of the product system being studied, in doing so, an LCA seeks to avoid shifting impacts from one 
life cycle stage to another by including as much of the system as possible. The assessment is undertaken 
using the framework, principles and specific requirements defined by both the ISO 14040:2006 and 
ISO14044:2006 standards (International Organization for Standardization 2006). 

The general structure of the LCA framework is shown in Figure 1, illustrating the multiple stages of an 
assessment and the interactions with other stages. The first stage in the LCA framework is to define the 
goal and scope of the study, which describes the reasons for the LCA, outlining the scenarios, boundaries 
and indicators that are going to be used. The second stage is the inventory analysis which aims to build a 
model of the production system involved in each scenario and describes how each stage of the production 
process interacts with the environment. The third stage of the LCA is the impact assessment in which an 
inventory of the data is shown against the key indicators used to produce an environmental profile of each 
scenario. The final stage is the interpretation where analyses of the results is provided in addition to a 
systematic review of the assumptions are made to ensure robust and transparent results. 
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Life Cycle Assessment tries to measure the exchange between human activity, the ‘technosphere’, and the 
natural world, the ‘biosphere’. This occurs either through the extraction of natural resources or via the 
emissions of pollutants to the air, water and ground. The measurement is undertaken at the level of the 
system that is being analysed, which is then further broken down into a series of unit processes that lead to 
the delivery of the functional unit. The functional unit is ultimately the basis upon which the system 
surrounds, as defined in the ensuing goal and scope section. 

A single unit process is illustrated in Figure 2 which includes the flows to and from the ‘biosphere’ as well 
as flows to and from the ‘technosphere’. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Framework for life cycle assessment. 

Figure 2 Inputs and outputs of a unit process in LCA. 
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Unit processes are linked to create a system that produces the functional unit of the study, as illustrated in 
Figure 3. They can be categorised into foreground unit processes and background unit processes. 

Foreground processes are those for which specific data is collected for the study. This includes primary 
data collected from facilities, secondary data from published papers and modified background processes 
from existing LCA databases. 

Background processes are those for which data are typically sourced from pre-existing databases. The 
background data are either less important to the study outcomes or are already well-characterised in the 
existing data sets and therefore do not warrant specific modelling. In some instances, background unit 
processes may be modified to better reflect the conditions of the study.  

 

Figure 3 Linking unit processes in an LCA to produce the functional unit. 
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1 Goal  

1.1 Reason for the study 

The goal of this LCA is to establish a robust baseline life cycle assessment (LCA) of the Exchange for Change 
Return and Earn container deposit scheme.  

The baseline will be used to assess potential strategies for improving the implementation of the scheme as 
well as for further expansion. In addition, the results of the LCA will be used as a basis for the development 
of a metric system that can be used to demonstrate the associated benefits of the program.  

1.2 Intended audience 

The audience for the report will be the Exchange for Change organisation which operates the program on 
behalf of the NSW Environment Protection Authority (EPA) and other State government departments. The 
environmental impact factors produced in this report will be used to assist in the development of an 
interactive online tool for estimating the individual consumer benefits of participating in the scheme, as 
well as for the external marketing and communication of the program. Consequently, the results of this 
study will be disclosed to the public and represent a comparative assertion.   

1.3 Calculation approach  

The LCA is to calculate the environmental savings or recycling activities and connect these to individual 
actions of participants of the container deposit scheme (CDS) in NSW. This LCA is not a marginal analysis 
of the benefits of CDS over kerbside recycling schemes nor an assessment of the preference for any 
packaging material. The environmental benefits are calculated as those flowing directly from the actions of 
scheme participants without measuring any counter factual consequences of recycling via kerbside, 
littering or landfilling of the package.   

The benefit of recycling is calculated by subtracting the impacts of the scheme collection process and 
downstream processing of recyclables against the impacts of making these materials using virgin materials 
feedstocks and processes.  
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2 Scope 

2.1 Functional unit 

The functional unit is the basis for comparison of alternatives in LCA. It describes the service delivered by 
the processes being studied. In this study, the service was the management of beverage containers from 
the NSW container deposit scheme. 

The functional unit was defined as: 

“The management of 1000 beverage containers returned through the NSW CDS scheme.” 

 

2.2 System boundaries, included and excluded processes 

The system boundary describes the process steps included in the LCA. Figure 4 shows the system boundary 
of the Return and Earn container deposit scheme.  

The processing step includes:  
 Depositing of eligible containers at one of the collection points.  
 Amalgamation of collected containers within each zone across the State. 
 Transportation of the collections to a central commodity recycler in Sydney. 
 Production of secondary materials 
 Displacement of virgin material supply chain 
 

 
Figure 4 Container deposit system boundary schematic 
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Any excluded flows must fall below the cut-off threshold for this study (below 1% of any impact category 
included in the LCA). No flows were deliberately excluded due to this threshold, however particularly minor 
inputs expected to be well below this threshold were not considered.  Infrastructure associated with 
vending machines was not included as well as any materials associated with setting up automated depots.  

2.3 Allocation procedures 

Multi-functionality occurs when a single process, or group of processes, produces more than one usable 
output, or ‘co-product’. ISO (International Organization for Standardization 2006) defines a co-product as 
‘any of two or more products coming from the same unit process or product system’. A product is any good 
or service, with value for the user. This is distinct from a ‘waste’, which ISO defines as ‘substances or objects 
which the holder intends or is required to dispose of’, and therefore has no value to the user. 

In this LCA the main allocation issue related to the allocation of the recycling credit between the product 
systems which generates the container to be recycled and the product system which utilises the recycle 
material as secondary material input.  

The GHG protocol for product carbon footprints (Bhatia, Cummis et al. 2011) suggest two options for 
dealing with recycling credits.   The first is for strong recycling markets is the 0/100 method which provides 
100% of the credit to the recycling at the end of a product life.   The second is the 100/0 method where 
100% of the benefit of recycling is applied to the recycling credit and this is for weak recycling markets 
where new products made from recycled content need to be specified.  

Glass, PET and aluminium are all considered as strong recycling markets in NSW therefore we have applied 
the 0/100 method.    This also fits the premise of the study which is to calculate the benefits derived from 
the operation of the CDS scheme.  

2.4 Data quality requirements 

Data quality was assessed for all input data to the LCA and ranked in terms its fitness for purpose. 

The key data quality criteria for the study are: 

 Reliability 
 Time-related coverage 
 Geographical coverage 
 Technology coverage 

 

The indicators of data quality are shown in Table 1 for each of the criteria. All major data points in the LCA 
above 5% net contribution to climate change impacts will be assessed according to these criteria. 

Table 1 Data quality assessment framework. 

 Poor Fair Good Very good 

Reliability  Non-qualified estimate Qualified estimate Modelled data Primary measured 
data 

Time-related 
coverage 

From past production 
>10 years old 

From past 
production >5 years 
old and less than 10 
years old 

From past 
production >2 years 
old and less than 
5years old 

From current 
production data 
<2years old 

Geographical 
coverage 

From distinctly 
dissimilar region 

From global average From similar region From region of 
interest 

Technology 
coverage 

From old or dissimilar 
technology 

Generic technology 
average 

From technology 
specific to region 

From actual 
technology used 
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2.5 Impact assessment categories and characterisation models 

The impact assessment stage relates the inventory flows to the indicator chosen for the LCA. This is done 
by classifying which flows relate to each impact category and then selecting a characterisation model that 
quantifies the relationship of each inventory type to the indicator in question. The calculation of the 
category indicator results is the sum of all inventory flows multiplied by their relevant characterisation 
factors. The list of indicators considered in summarised in Table 2. 

Table 2 Impact assessment categories and characterisation models retained in this LCA 

Indicator Description Characterisation model 

Climate change Measured in kg of carbon dioxide equivalence. 

This is governed by the increased concentration of gases 
in the atmosphere that trap heat and lead to increasing 
global temperatures. These gases are principally carbon 
dioxide, methane and nitrous oxide.  

(IPCC 2013) 

IPCC model based on 
100-year timeframe 

Particulate 
matter 

Measure in grams of PM2.5. 

This impact category looks at the respiratory health 
impacts from particulate matter for PM10 and PM2.5. This is 
one of the most dominant immediate risks to human 
health as identified in the global burden of disease. 

(Humbert, Marshall et al. 
2011) 

World impact plus 
method 

Water scarcity Measured as litres of water equivalent. 

This impact category is an indicator of water scarcity, 
assessing water deprivation to other users due to water 
extraction. 

(Pfister, Koehler et al. 
2009) 

Water depletion 
characterisation model 

Fossil fuel 
depletion 

Measured in MJ of Net Calorific Value (NCV) 

This impact category measures the amount of the 
quantification of the specific energy of combustion for 
fossil fuels. 

(Alakangas 2016) 

 

The reason these indication factors were selected was due to relatability of the impact categories to a 
generalised audience with assumed minimal understanding of environmental science. The indicators 
needed to be familiar enough for the results to be relatable for all levels of comprehension. This is why 
Climate Change and Fossil Fuel depletion were both chosen despite being correlated impacts. Mineral 
resource depletion may have provided a more comprehensive LCA examination, but as the purpose of this 
study is to communicate the benefits of secondary resource recovery through recycling energy 
consumption is a more tangible analogy for a diverse audience with unknown levels of education.  
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2.6 Critical review 

An independent critical review was undertaken of the study by Envisage works and the critical review 
statement is appended to the end of the report. Inventory 

 

2.7 Data requirements 

To ensure that the results produced by this LCA are of a reputable standard, the quality of the data being 
input must be of sufficient standard. The data used must be the most recent and relevant as possible. This 
LCA is focussed on the collection and processing of resources within New South Wales, therefore, where 
possible specific regional data for the state should be used, and where unavailable, sourced from other 
regions within mainland Australia. Any inputs related to technology must be within the relevant timeframe 
of the Return and Earn program. Data which has been sourced externally must be consistent and 
representative with sources clearly referenced for reproducibility.  

Initial data was supplied by Return and Earn regarding collection totals and an outline of deposit locations 
and return trends. No energy data for the collection machines were provided so power consumption was 
assumed based upon machines with similar functionality. Google Maps was used to estimate transportation 
distances across the state.  
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2.8 Data on container numbers and distributions 

While hundreds of background processes contribute to the analysis, the most important processes are 
described here, particularly those affecting the results or those that have been modified from the original 
source to better represent the inputs to this assessment. Initial data for the assessment was provided by 
Exchange for Change which had been collated throughout the entirety of the Return and Earn program, 
which are summarised in Table 3, Table 4 and Table 5.  

Table 3 Breakdown of collections by return point types (Source: Return and Earn, 2021)  

Return Point Type Total ending FY 2021. 

Automated Depot 979,705,667 

DCP 3,573,012 

OTC 479,327,156 

RVC 22,426,297 

RVM 4,303,327,499 

Total 5,788,359,631 

 

Table 4 Breakdown of collections based on NSW Zones (Source: Return and Earn, 2021)  

CDS Zone   Total Adjusted between 
Zone 1 and 5 (Indicative) 

Zone 1  359,963,582 

 Zone 2  323,976,660 

 Zone 3  317,813,941 

 Zone 4  213,305,100 

 Zone 5  453,524,464 

 Zone 6  244,183,246 

 Zone 7  3,875,592,639 

 Total  5,788,359,631 

 

Table 5 Breakdown of materials in collections (Source: Return and Earn, 2021)  

Total Collection 
Volume 

Percentage by Material 
Types 

Aluminium 37% 

Glass 33% 

HDPE 1% 

PET 27% 

Liquid Paper Board 1% 

Steel 0% 

Other plastics 0% 

Other materials 1% 

Total 100% 

 

2.9 Assumptions on containers and distances 

Assumptions are an essential part of LCA in circumstances where data has not been supplied or specific 
information is unable to be obtained. Assumptions are used to fill in the data gaps in order to produce the 
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most complete model possible. Table 6 sets out the assumptions which have been made during this LCA 
and are considered to have some minimal influence on the outcome of the study. Assumptions can be easily 
adjusted in the model if more information becomes available or if any changes are made to the scope of 
the assessment. 

Table 6 List of modelling assumptions 

Item Assumption Input Source 

Aluminium can Mass 14.9g Reference (2020) 

Glass bottle Mass 226.8g Saxco (2020) 

HDPE bottle Mass 60g Rice (2015) 

PET bottle Mass 9.9g PETRA (2021) 

Liquid Paper carton Mass 28.6g Schlecht and Wellenreuther 
(2020) 

Other materials Mass 10g Author assumption 

Average mass of container Mass 60g Author assumption 

Reverse Vending Machine Units 300  Exchange for Change 

RVM Energy consumption  Energy 4.32kWh + 1.44kWh 
/machine 

Author assumption 

Auto Depot  Returns 500 per trip Author assumption 

Diversion to deposit Distance 5km per trip Author assumption 

Trips to Auto Depot Amount Number of 
containers/500 per trip 

Author assumption 

Zone 1 transportation Distance 544 km Exchange for Change 

Zone 2 transportation Distance 385 km Exchange for Change 

Zone 3 transportation Distance 726 km Exchange for Change 

Zone 4 transportation Distance 557 km Exchange for Change 

Zone 5 transportation Distance 615 km Exchange for Change 

Zone 6 transportation Distance 351.00 km Exchange for Change 

Zone 7 transportation Distance 165.92 km Exchange for Change 

Transport Truck Size 16-28t, fleet average Author assumption 
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2.10 Recycling inventory data  

The following tables outline the inventory data used for the recycling processes in the LCA.  

Table 7 to Table 11 outlines the inventory processes which are based on recycling inventories originally 
published in James, Grant et al. (2003) and Grant, James et al. (2001) with some minor modifications to 
suit the CDS collection and processing.   Background data were source from AusLCI version 1.36 (ALCAS 
2021) – identified with “/AU U” suffix or from EcoInvent version 3.6 recycling cut-off version (Weidema, 
Bauer et al. 2019) identified with “| Cut-off, U” suffix 

Table 7 Inventory data for recycling of PET containers 

Process Item Amount Unit Comment 

 
Recycling PET (per ton) 

Avoided 
product 

Polyethylene terephthalate, 
granulate, bottle grade [RoW]| 
production | Cut-off, U 

0.9 t Assuming 90% recovery of PET 
from bottle mass deposited.  

Materials/fuels Tap water, at user, New South 
Wales/AU U 

31.25 t Based on 16 tonne of PET using 
1000 KL of hot water per day.  
50% reuse  

Sodium hydroxide, without water, in 
50% solution state [GLO]market for | 
Cut-off, U 

2.5 kg Based on 2% caustic (pers 
comm Visy plastics) for hot 
wash process. (range given as 
1.2 to 2.3) 

transport, truck, 16 to 28t, fleet 
average/AU U 

50 tkm Assumed to be reprocessed in 
Sydney 

Electricity/heat Natural gas, combusted, New South 
Wales Metro, NGA values/AU U 

8.6701 MJ Water heating, based on natural 
gas hot water system 

electricity, low voltage, 
Australian/AU U 

1 kWh shredding- from (Idemat 1996) 
1KWh per tonne 

electricity, low voltage, 
Australian/AU U 

3 kWh One tonne per hour on 
conveyor 3KWh per Hour 

electricity, low voltage, 
Australian/AU U 

20 kWh course milling (12mm particles) 
from Idemat 1996 20KWh per 
tonne 

electricity, low voltage, 
Australian/AU U 

3.6 kWh fine milling (4mm particles) - 
from Idemat 1996 3.6KWh per 
tonne 

electricity, low voltage, 
Australian/AU U 

0.36 kWh separation in fluid tank -, from 
Idemat 1996 0.36KWh per 
tonne 

electricity, low voltage, 
Australian/AU U 

4.5 kWh water separation in spin drier - 
from Idemat 1996 4.5 kWh per 
tonne 

natural gas, burned in <30MW wall 
fired boiler /AU U 

2.2 GJ Drying - from Idemat 1996  2,2 
GJ/ tonne 

electricity, low voltage, 
Australian/AU U 

10.8 kWh Bailer 12KWh per tonne 0.9t 

electricity, low voltage, 
Australian/AU U 

746 kWh Extrusion of PET, 746 kWh per 
tonne from Swiss data on PE 
(Buwal 250) 

Emissions to 
water 

Suspended solids, unspecified 1520 g 876mg/l (Visy Plastics 2000) 
Suspended solids, unspecified 972 g 560mg/l (Visy Plastics 2000) 

Sulfur, total oxidised 8.68 g 5mg/l (Visy Plastics 2000) 

Nitrogen, total 20.8 g 12mg/l (Visy Plastics 2000) 
Waste and 
emissions 

wastewater treatment, New South 
Wales/AU U 

9.1 l   
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Table 8 Inventory data for recycling of aluminium containers 

Recycling Aluminium (per ton) 

Avoided 
products  

Aluminium, primary, ingot [UN-
OCEANIA] | production | Cut-off, U 

0.95 t  Clean quality of aluminium is 
assumed to result in high yield of 
aluminium. 

Materials/fuels transport, truck, 28t, fleet average/AU U 50 tkm Transport to reprocessor in Sydney 

 Transport, freight, sea, transoceanic ship 
[GLO]market for | Cut-off, U 

9730 tkm Transport of scrap to reprocessing 
in China from Sydney 

Aluminium, wrought alloy [RER}| ] 
treatment of aluminium scrap, post-
consumer, prepared for recycling, at 
remelter | Cut-off, U 

1 t  Ecoinvent process for processing 
aluminium scrap 

 

Table 9 Inventory data for recycling of glass containers 

Recycling Glass (per ton) 

Avoided 
products 

Glass batch without cullet, GLO 0.95 t   

natural gas, burned in <30MW wall fired 
boiler /AU U 

0.735 GJ Based on assumption of 2.5% 
energy savings per 10% of cullet. 
Current usage approximately 50%. 
Glass gas energy usage 

Materials/fuels diesel, burned in building machine, <30 
MW /AU U 10.18 MJ 

Front end loader, 0.02 of an hour 
509 MJ per hour 

electricity, low voltage, Australian/AU U 0.5 kWh Conveyor 3kW - 10 minutes 

electricity, low voltage, Australian/AU U 0.25 kWh 

Glass breaker. Estimated from 
equipment specifications 2 Hp - 
1.49 kW - 10 minutes 

electricity, low voltage, Australian/AU U 0.5 kWh 
Magnetic separator 3KW   - 10 
minutes  

electricity, low voltage, Australian/AU U 0.5 kWh 
Trommel screen 3KW  - 10 minutes  
Nishtala 1997 

transport, truck, 40t load/AU U 50 tkm Cullet transport 

Final waste 
flows 

Waste, unspecified 0.02 t 2% of incoming material classified 
as waste sent to landfill. 

   

Table 10 Inventory data for recycling of liquid packaging board containers 

Recycling Liquid Packaging  Board (per ton) 

Avoided 
products 

Paper, woodfree, coated [RoW] market 
for | Cut-off, U 

750 kg Lower fibre recovery due to 
lamination. 

Electricity/heat Graphic paper, 100% recycled [RoW] 
production | Cut-off, U 

1000 kg   

Waste and 
emissions 

waste treatment, inert waste, at 
landfill/AU U 

200 kg   

waste treatment, mixed paper, at 
landfill/AU U 

50 kg   

 

  



17 

 

17 | P a g e  

 

 

Table 11 Inventory data for recycling of HDPE containers   

Recycling HDPE (per ton) 

Avoided 
products 

high density polyethylene, average, at 
plant/AU U 

0.87 t   

Materials/Fuels transport, truck, 28t,  10 tonne load 50 tkm Transport to Visy 

HDPE/PP reprocessing/AU U   t   

Materials/Fuels   tap water, at user, New South Wales/AU 
U 

6.7 t   

  Sodium hydroxide, without water, in 
50% solution state [GLO]market for | Cut-
off, U 

2.5 kg Based on 2% caustic (pers comm 
visy plastics) for hot wash process 
(range given as 1.2 to 2.3). 

  natural gas, combusted, New South 
Wales Metro, NGA values/AU U 

1.86 MJ Water heating, based on natural gas 
hot water system 

Electricity/heat   electricity, low voltage, Australian/AU U 1 kWh shredding- from( Idemat 1996) 
1KWh per tonne 

  electricity, low voltage, Australian/AU U 3 kWh One tonne per hour on conveyor 
3KWh per Hour 

  electricity, low voltage, Australian/AU U 20 kWh course milling (12mm particles) 
from Idemat 1996 20KWh per tonne 

  electricity, low voltage, Australian/AU U 3.6 kWh fine milling (4mm particles) - from 
Idemat 1996 3.6KWh per tonne 

  electricity, low voltage, Australian/AU U 0.36 kWh separation in fluid tank -, from 
Idemat 1996 0.36KWh per tonne 

  electricity, low voltage, Australian/AU U 4.5 kWh water separation in spin drier - from 
Idemat 1996  4.5 KWh per tonne 

  natural gas, burned in <30MW wall fired 
boiler /AU U 

2.2 GJ Drying - from Idemat 1996  2,2 GJ/ 
tonne 

  electricity, low voltage, Australian/AU U 140 kWh 746 KWh per tonne from swiss data 
on PE (Buwal 250) 

Emissions to 
water 

  Suspended solids, unspecified 1520 g 876mg/l (Visy Plastics 2000) 

  Suspended solids, unspecified 972 g 560mg/l (Visy Plastics 2000) 

  Sulfur, total oxidised 8.68 g 5mg/l (Visy Plastics 2000) 

  Nitrogen, total 20.8 g 12mg/l (Visy Plastics 2000) 

Waste and 
emissions 

  wastewater treatment, New South 
Wales/AU U 

9.1 l   

Final waste 
flows 

Waste, unspecified 0.13 t   
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3 Impact assessment results 
The LCA impact assessment (LCIA) refers to the process by which the type and extent of the environmental 
impacts that may arise quantitatively based on the data collected in the LCI (Kayo, Tojo et al. 2014). The 
LCIA takes the total inventory results and groups them into the indicators of interest. A total contribution 
was calculated for each indicator, or referred to as characterisation, as outlined in Table 2.  

The LCIA results are presented in Table 12. All of categorisation results produced by this LCA are negative, 
which indicates that there is a reduction in the negative environmental impacts of the system. This can 
therefore be interpreted as net environmental benefits resulting from the recycling of materials.  

The results are to three significant figures to account for the inherent uncertainty associated with modelling 
assumptions. The units for water volume and particulate matter have been adjusted for clearer 
presentation, with the former changing from cubic metres to litres and the latter from kilograms of PM2.5 
to grams.  

From examining the elementary flows, the avoided energy and resource requirements for manufacturing 
containers from virgin aluminium contributed significantly to the large reductions in the climate change and 
water volume categories.  

 

Table 12 Benefits for 1000 containers recycled through CDS 

Impact category Per 1000 Containers Unit 

Climate Change (GWP100a) -121 kg CO2 eq 

Fossil fuel depletion -1316 MJ NCV 

Water volume -5870 L 

Particulate matter -72 g PM2.5 

 

The LCIA results produced by this study are relative expressions and therefore do not predict impacts on 
category endpoints, nor the exceeding of thresholds and safety margins or risks.  

 

3.1 Limitations and opportunities for improvement 

The limitations of this assessment relate to the use of background and literature data to represent 
production processes when primary data is unavailable. The details of the limitations are provided below: 

 The pre-purchase impacts of the container from initial product development, resource use, 
and manufacturing process.  

 Retail and consumer impacts associated with transportation, infrastructure, operational energy 
requirements for storage and sales.  

 Collection and transportation procedures for zones across the State. 
 Various assumptions made regarding the masses of containers. 
 Consumer return behaviour (e.g. Distance travelled to deposit, number of items returned, 

frequency of trips, etc.). 
 

The variable masses and composition of containers on the market make definitive impact assessments 
difficult as the sorting process is limited by this diversity. As the containers for this scheme require intact 
barcodes to assess their eligibility, a potential avenue for improving the accuracy of the LCA would be to 
keep a registry of exact products in order to generate an improved model. However, whether this extra 
information would have a significant influence on the overall impacts across the categories is unlikely as 
care was taken to ensure the most complete dataset available was utilised. 
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4 Interpretation 
The interpretation step examines the results through a series of analyses and checks to better understand 
the results of the LCA, and to ensure any conclusions drawn from the LCA are robust and well supported 
by the data.  

The interpretation stage is divided in two sections: 
 a contribution analysis, which is used to assess the relative contribution of each life cycle stages 

to the overall result 
 a series of sensitivity analyses, which are used to increase the robustness of conclusions from 

the LCA and provide further insights into the observed environmental impacts.  

4.1 Contribution analysis 

Figure 5 shows the main benefit is from avoided primary aluminium. This is due to the energy imputs into 
the aluminum smelting process as well as other impacts associated with the avoidence of virgin glass 
production which is also significant. The impacts from reycling and CDS transport are similar on the impact 
side.  

 

Figure 5   Climate Change kg CO2e impact per 1000 containers 
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Figure 6 shows the fossil fuel depletion is very similar to the climate change impacts with the high savings 
resulting from the avoidance of aluminium primary production.  For energy, both avoided PET and glass 
contribute significantly to the energy savings. 

 

 

Figure 6   Energy depletion impacts in MJ NCV impact per 1000 containers 
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Figure 7 shows the direct water use impacts resulting from the CDS. Again, avoided glass and aluminium 
production is the main source of water use saving. For aluminium, the water use is in the transformation of 
alumina from bauxite as well as the required energy generation. For glass, the production of soda ash and 
washing sand add to the water impacts of the virgin materials.  

 

 

Figure 7   Water use impacts in m3 per 1000 containers 
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Figure 8 shows the impacts and savings in particulate matter impacts. The impact savings follow a similar 
pattern to the climate change results, with the benefits mostly occurring from the energy production 
requirement of virgin materials, and subsequent avoidance with recycling.  

 

 

 

Figure 8   Particulate matter impacts in g PM2.5 per 1000 containers 
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4.2 Impacts per kg of material recycled.  

Table 13 shows the impacts and benefits of recycling each material though the CDS.  It shows the net 
benefits for aluminium are just below 18kg CO2e with PET being 1.34kg CO2 e per kg and glass 0.23 kg 
CO2 

The colour scheme in Table 13 shows that the other indicators follow similar patterns in their distribution to 
individual stages of the life cycle.  

Figure 9 shows the climate change contribution analysis for the three materials.  It has been rescaled to 
show the contribution analysis for 1kg 10kg and 50kg of material for aluminium PET and glass respectively.   
It shows the processing of PET is proportionally higher than the other two materials, relatively to the virgin 
material offset.    However, for all materials there is clear net environmental benefits.  

Table 13 Results for 1 kg of materials entering CDS  

 

 

 

Recycling 

processes

Consumer 

transport

CDS scheme 

transport

Avoided 

material
Net Impact

Climate change kg CO2e

 Aluminium 0.89                        0.06                        0.05                        18.95-                      17.96-                      

 PET 0.75                        0.09                        0.05                        2.23-                        1.34-                        

 Glass 0.01                        0.00                        0.05                        0.29-                        0.23-                        

Fossil energy depletion MJ NCV

 Aluminium 9.97                        0.86                        0.72                        186.42-                    174.79-                    

 PET 0.93                        0.13                        0.07                        5.53-                        4.39-                        

 Glass 0.00                        0.00                        0.01                        0.07-                        0.05-                        

Water volume Litres

 Aluminium 43.37                      0.84                        0.53                        727.73-                    682.96-                    

 PET 2.81                        0.13                        0.05                        8.75-                        5.76-                        

 Glass 0.00                        0.00                        0.01                        0.53-                        0.52-                        

Particulate matter g PM2.5

 Aluminium 0.65                        0.05                        0.02                        9.94-                        9.21-                        

 PET 0.01                        0.01                        0.00                        0.12-                        0.10-                        

 Glass 0.0001                    0.0001                    0.0004                    0.0055-                    0.0048-                    
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Figure 9   Climate change impacts in kg CO2e per kg of aluminium, 10 kg of PET and 50kg of glass material 
entering CDS 

4.3 Sensitivity analysis 

The sensitivity analysis is an important part of the LCA process in which the robustness of the study can be 
tested to determine whether the data quality needs to be improved, as well as to aide in the interpretation 
of the results (Wei, 2015). The sensitivity analysis highlights the most important set of parameters which 
have interacted with the calculation of the model and can therefore influence the uncertainty of the process. 
The choice of sensitivity methods should be in accordance with both the degree of correlation and the 
magnitude of uncertainty (Wei, 2015). 
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4.3.1  Container mix and weights 

This LCA contains several uncertain parameters, being the mass of individual containers based on their 
material mix of containers collected and the assumed average mass of the main containers. The three most 
common containers returned were aluminium, glass and PET weighing 14.9g, 226.8g and 60g respectively.  

Table 14 Sensitivity analysis results for changes in container mix and container mass  
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Climate 
change 

kg CO2 
eq 

-120 -131 -122 -121 -125 -118 -117 

Energy 
depletion 

MJ -1300 -1410 -1320 -1310 -1340 -1280 -1280 

Water 
volume 

L -5870 -6270 -6060 -5880 -6010 -5880 -5720 

Particulate 
matter 

g PM2.5 -72.1 -77.6 -74 -72.4 -74.2 -71.8 -70.4 

 

Table 14 shows the result of changing the masses of each container by +10%. When compared against the 
baseline results, the altered mass of the glass and PET containers had minimal effect on the overall climate 
change impact at +2 and +1 respectively. Whereas the increased number of aluminium containers caused 
in a +11 decrease in emissions. This was the same for each of the other three impact categories, which 
decreased as the mass of aluminium increased. The other two material types also resulted in decreases 
from the baseline but not as substantial as the influence of aluminium.  

The SA also looked at the impact of altering the percentage make up of returned containers by increasing 
the quantity of one material by 2% whilst reducing the other two by 1% each. The results from this method 
were similar to the previous analysis which further reduced the impact of aluminium across all categories. 
Conversely, the increased amount of glass and PET collections caused the overall environmental impact to 
worsen in both scenarios.  

4.3.2  Inclusion of kerbside contribution  

A sensitivity analysis was undertaken on the inclusion of containers from kerbside collection which were 
recycled through the CDS. The additional containers amounted to 7.5% of the total containers being 
recycled, the additional collections along with the impact of sorting were included in the kerbside fraction 
as well as the 10% reduction in the displacement of virgin materials from recyclables.  

 

Table 15 : Results with and without the inclusion of kerbside fraction of contains processed by CDS 

Impact category Unit Without kerbside 
included 

With kerbside 
fraction included 

Climate Change (GWP100a) kg CO2 eq -120.6 -119.5 

Fossil fuel depletion MJ NCV -1316 -1304.7 

Water volume L -5878 -5834 

Particulate matter g PM2.5 -71.6 -7.1.3 
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4.4 Data quality assessment 

The quality of key datapoints was assessed and is reported in Table 16, showing that the most critical 
aspects of the model were modelled from good or very good quality data.  

Table 16 Data quality assessment. 
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recycling 
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process from Ecoinvent 
based on European data 
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of world 
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>75% Good Good Good Very 
good 

World Aluminium Council 
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PET recycling  <1% Good Fair Fair Good Ecoinvent based on Swiss 
data from 2010 regionalised 
to RoW 

Virgin PET offset <5% Good Poor Fair Good European plastic association 
data from 2000 

Glass recycling <1% Poor Fair Good Good Data from Victoria 
packaging study from 2003 

Glass batch offset >25% Good Fair Fair Good Based on Ecoinvent data for 
ROW. Energy savings in 
glass furnace from 
theoretical study.  

Transport distances <2% Good Good Good Good Very good data developed 
directly from CDS scheme 
data 

Transport type <2% Good Good Good Fair Exact vehicle specifications 
not known 

Kerbside sorting <2% Fair Poor Good Good Data from Victoria 
packaging study from 2003 
developed from theoretical 
model of MRF. 
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4.5 Equivalence Metrics 

To communicate the benefits of the Return and Earn program, a table of metrics was developed using 
familiar activities which can be analogous with the results of this LCA more easily. The impact and 
corresponding metric are displayed in Table 17.  

Table 17 Metrics including impact of kerbside collections 

Impact  Result Metric Source 

Climate change (kg 
CO2e) 

475 Kilometres of driving 
avoided 

US EPA (av. Passenger car = 252.5g / km) 

Abiotic depletion (MJ) 9678 Hours of TV use  Average of 205cm (49") TVs on the market 

Water use (L) 11 Hours showering 
avoided 

Hunter Water (av. shower head = 9L/minute)  

Particulate matter (g 
PM2.5) 

7 kg of wood in wood 
heater 

Australian Air Quality Group 

 

 

5 Discussion 
The results displayed in Table 15 illustrate the negligible environmental impact of kerbside collections 
within the Return and Earn container deposit system. This can be attributed to the cumulative impacts of 
other processes associated with the extraction of natural resources that are subsequently avoided 
downstream when materials can be recycled. Despite the minimal influence of transportation on the overall 
outcome, the kerbside results were used to develop the metric in Table 17 as they represent a more 
accurate accounting of the total system, however marginal that is. 

Climate change impact is typically calculated and presented in kilograms of carbon dioxide equivalent (kg 
CO2e), which scales in the influence of other greenhouse gas emissions that have greater or lesser influence 
on global warming compared to CO2 such as methane or nitrous oxide. Creating metrics that are analogous 
with CO2 is innately difficult due to the variables associated with emission and absorption rates. The United 
States Environmental Protection Agency (US EPA) calculated the emissions produced by an averaged sized 
passenger vehicle to be 404g per mile (US EPA, 2021). This will vary depending on the type of car, driving 
behaviour, fuel quality, and a multitude of other factors but is accurate for an unknown audience that 
represents the variability of these influences, however, was chosen due to the spectrum of comprehension 
for a broad audience. Using the results from the LCA it was calculated that for every 1000 containers 
returned there is an avoidance of 120kg of CO2e, which is comparable to the emissions produced by driving 
475km. 

Abiotic depletion is a measure of the amount of energy available by the combustion fossil fuels, which is 
why it is presented in megajoules (MJ). In order to make a comparable metric the energy unit was converted 
into watt hours (Wh) to make it more relatable. As most people in modern at least watched a television it 
can encompass a large portion of the population. As TVs are sold in a variety of sizes, the energy 
consumption of a 49-inch LCD TV was chosen as it is middle of the range between 100-150W of energy per 
hour of use. Using the results from the LCA it was calculated that for every 1000 containers returned there 
is an avoidance of 1300MJ of abiotic depletion (fossil fuels) which is the equivalence of 9678 hours of TV 
usage. 
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The third category is the quantity of fine particles that are less than 2.5 microns in size produced by a given 
process. These particles are of concern to the environment as well as human health as they can be inhaled 
and absorbed directly into tissue and the blood stream with adverse consequences (NSW Government, 
2020). As the particles are impossible to see with the human eye their impact is therefore difficult to 
conceptualise. To achieve a communicable format, kilograms of wood in a wood fired heater was chosen 
to be akin with particulate matter as woodsmoke is a common source of PM2.5 particles which negatively 
impact upon human health (AAQG 2021). . Using the results from the LCA it was calculated that for every 
1000 containers returned there is an avoidance of 71.6g of PM2.5 emitted, which is the same amount 
produced by the burning of 7kg of firewood. 

The final category of water volume is the amount of water which is effectively saved by the recycling of 
containers. As it is difficult to envisage large amounts of water by volume, the metric of minutes showering 
was chosen to aide with conceptualisation. According to most water authorities, a water efficient 
showerhead dispenses 9 litres of water per minute of showering Water (2021). Using the results from the 
LCA it was calculated that for every 1000 containers returned there is an avoidance of 11 hours of 
showering. 

 

 

6 Conclusion 

The results from this LCA show there are substantial benefits associated with the recycling of common 
beverage container materials. The results have been quantified for the communication of these benefits to 
participants of the Return and Earn program. While there is some variability and uncertainty in the results, 
the numbers presented are robust as long the fraction of aluminium collected remains a significant 
component in the mix of containers.  

Note this is not a consequential study and doesn’t not represent the marginal benefits of implementing the 
CDS scheme on top of the pre-existing kerbside program.  The calculation also makes no assessment of 
impacts of avoided littering or disposal of beverage containers. 
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