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Disclaimer

Disclaimer: The life cycle assessment results published in this report have not yet been
peer-reviewed. This work will be undergoing independent third-party peer-review in line with
LCA best practice and ISO standard guidelines. As such, the results are subject to change
‘as a result of the peer-review process. Results published in this report shmﬂﬂ therefore be
interpreted with this in mind.
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Project Snapshot

\
Tyre Stewardship Australia (TSA) ha\s commissioned Edge Environment to understand
the potential greenhouse gas (GHG) contributions of end-of-life tyres (EOLT) and a
range of tyre derived products (TDP). This includes the GHG implications of waste tyre
recovery and any associated activities required to produce TDP.

TSA intends to use the results of this study to:

2 N

+ Understand the potential GHG. contribution that EOLT and TDP can have to a range
of current and potential markets, including any risks and benefits.

+ < Identify initiatives that TSA-and industry can undertake to support the expansion of

< \_ “current TDP markets and creation of new TDP markets, to avoid landfill and dumping.
X

This summary report provides TSA
stakeholders with a summary of the
work conducted, some key results and
the outcomes of the study.

» Develop rigorous and sound metrics on behalf of the sector to provide standardised
factors and Qrotocols to assess carbon and climate change factors via a consistent,
sector wide approach.
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Project Stages

& | Project Objectives

Stage 1 — Desktop
Review

Desktop review of the
current Australian EOLT
and TDP market.

Preliminary analysis of the
GHG emissions of TDP
supply chains.

Stage 2 — Detailed
Assessment

Detailed assessment of the
key TDP end markets,
including consideration of
any additional processing
requirements or enhanced
performance benefits the
product may have.

Stage 3 — Evaluation
+ Recommendations

Evaluation of existing
schemes, regulations and
opportunities from the
perspective of EOLT/TDP
producers and purchases.

Recommendations to
leverage GHG benefits of
EOLT and TDP.



a1 | Stage 1 — Desktop Review and Preliminary Assessment

Stage 1: Desktop
Review and Preliminary
assessment

There are three key frameworks
used in Australia relevant to waste

tyres.

These frameworks provide guidance on whether the
environmental impact, or ‘burden’ of the virgin material prior to
the EOLT recovery, must be included in the emissions
calculation. Excluding this burden would reduce the overall
emissions impact of EOLT/TDP.

Framework Context Method

Australian Renewable Renewable
Energy Agency (ARENA)  energy products
Life Cycle Assessment Zero burden for

(LCA) waste materials in

Environmental Product Construction subsequent life
Declaration (EPD) products cycles
(EN15804:2012+A2:201

9)

National Greenhouse Energy production  Burden included
Emission Reporting and consumption for recycled tyres
(NGER) scheme
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GHG emissions of new tyres

° Emissions factors (kg CO, eq/ t new tyres) varied between
tyre types, as per Figure 1. Passenger and off the road
(OTR) tyres have the highest impacts due to relatively higher
proportions of synthetic rubber and fabric (nylon/rayon).

The overall biogenic carbon contribution was negligible,
ranging from -0.01% to 0.4%.

Note the impact of new tyres is only relevant if the
assessment framework used requires a burden to be
included.

2850

2370 29200
I 1970

New New truck tyre New OTR - New OTR -
passenger Agriculture Engineer
tyre

Figure 1 | Total GHG emissions per tonne of new tyre, split by tyre types.

GHG emissions of EOLT collection

Truck size GHG emissions

Approx. capacity




~ | Stage 1 — Desktop Review and Preliminary Assessment

These preliminary GHG emissions results
(per kg CO,-e/t) are promising on comparison with
conventional products.

Processing of EOLT Crumb rjcber, 41 - 473
|nt0 TDP Crumb Rubber Bitumgn, 560 ) )
Polymer modified binder, 1127

Aggregate, 1.09

onventional,

Carbon Black 2460

Pyrolysis oil, 161
Liquid Fuel Diesel, 546

500 1000 1500 2000 2500 3000
. kg CO,-e - -

Figure 2 | Preliminary GHG emissions per tonne of product, accounting
only for the processing stage of the TDP.







© | Stage 2 - Detailed Assessment

General
Methodology

The general process for modelling each
scenario has been summarised into 7 steps.
This process can be used to conduct similar
analysis on new products and markets, noting
that the methodology may require some
adjustments for a specific scenario.

Define the TDP and conventional product.
Consider appropriate system boundary.

Consider performance benefits of the TDP
compared to conventional product and incorporate
in the functional unit.

Confirm any additional manufacturing inputs
required for the TDP compared to the conventional
product (if modelling construction/installation
impacts).

Collect inventory data on the additional materials
and other inputs required, utilising the EOLT
processing results as the raw material input for the
TDP component.

Model in Simapro, following LCA principles, using
the impact assessment methodology consistent
with the EPD method used for midpoint impact
categories.

Review and report on results.




Stage 2 - Detailed Assessment
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Scenarios Modelled

N/A

Scenario 1

Scenario 2

Scenario 3

Scenario 4

Scenario 5

Scenario 6

Scenario 7

Scenario 8

Scenario 9

Scenario 10

Scenario 11

Default

Road construction

Road construction

Sprayed seal

Carbon black

Oil

Diesel

Concrete

Concrete

Permeable
pavement

Combustion

Crumb rubber binder in asphalt for road
construction (wet process)

Crumb rubber binder in asphalt for road
construction (dry process)

Crumb rubber binder in sprayed seal mix

Recovered carbon black (rCB) derived from
pyrolysis

Oil derived from pyrolysis, with no further
processing

“Renewable diesel” — standard diesel
blended with oil derived from pyrolysis

Crumb rubber replacing sand as an
aggregate in concrete

Rubber granules replacing gravel as an
aggregate in concrete

Rubber granules to replace gravel as an
aggregate in permeable pavement

Shredded rubber used in co-combustion at a
cement kiln

Landfill of EOLT

Polymer modified binder (PMB) in asphalt for
road construction

Conventional asphalt mix with a straight
bitumen binder for road construction

PMB in sprayed seal mix

Conventional carbon black

Conventional thermal oil

Standard diesel

Conventional concrete mix

Conventional concrete mix

Conventional permeable pavement

Coal-derived fuel for combustion at a cement
kiln

1tof EOLT

1t of asphalt

1t of asphalt

1t sprayed seal

1t equivalent
conventional
carbon black

1 MJ of energy

1t of diesel

1 m3 of concrete

1 m3 of concrete

1 m2 of paved
surface

1 MJ of energy



Key findings (1/3)

Key findings from the detailed assessment of the 11 end market scenarios
revealed 9 scenarios demonstrated an overall reduction compared to the
conventional product.

Scenario 1 - Landfill Scenario 2 — Asphalt Scenario 3 — Asphalt
binder (wet process) binder (dry process)

Emissions from landfill are Crumb rubber used as 15% Crumb rubber used as 27%
potentially quite significant, of an asphalt binder in the of an asphalt binder in the
ranging from 671-1,008 kg wet process has a dry process has a

. CO, eq per t EOLT. in GHG in GHG

é emissions compared to emissions compared to

é PMB, assuming the same conventional asphalt,

f service life. This increases assuming the same service

% toa if life. This increases to a

$ the improved service life is if the improved

E», considered (Figure 3). service life is considered

& (Figure 3).
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Scenario 4 —
Sprayed Seal

Crumb rubber used as 15%
of a bitumen mix sprayed
seal has a

in GHG
emissions compared to
PMB sprayed seal, from
604 kg CO, eq to 769 kg
CO, eq respectively.



Scenario 2 and 3 comparison
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N | Stage 2 - Detailed Assessment

These scenarios provide an illustration of
the potential GHG emission reductions that
TDP can have compared to the
conventional product. Crumb rubber can be
added to asphalt mix for road construction.
Initial research suggests the addition of
crumb rubber can increase the service life
of the road from 6 years to 9 years.

Figure 3 compares the crumb rubber mix to
a polymer-modified binder (PMB) (scenario
2) and a conventional asphalt (scenario 3).
In the uncorrected scenarios, where this
performance benefit is ignored, there is
already some reduction in GHG emissions.
Adjusting for the service life improvement
shows the significant potential that TDP has
to reduce GHG emissions compared to the
existing conventional products.

PMB (corrected
service life), 124

PMB (uncorrected
service life), 83

Crumb rubber
binder, 74

Scenario 2

Conventional
asphalt (corrected
service life), 119

Conventional
asphalt
(uncorrected
service life), 80

Crumb rubber
asphalt, 70

Scenario 3

Figure 3 | Total GHG emissions for 1 tonne of asphalt mix. Scenario 2 shows a wet-process crumb rubber binder
compared to PMB, scenario 3 shows a dry-process crumb rubber asphalt mix compared to conventional asphalt mix.



Key Findings (2/3)

Key findings from the detailed assessment of the 11 end market scenarios
revealed 9 scenarios demonstrated an overall reduction compared to the
conventional product.
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Scenario 5 — Carbon
black

Carbon black produced from pyrolysis
has a in GHG
emissions compared to the
conventional product if the
replacement ratio is assumed to be
1:0.5, from 564 t to 2,458 kg CO, eq
respectively. This increases to an

if the replacement is
assumed to be 1:1.

Scenario 6 — Thermal oil

Unprocessed thermal oil produced
from pyrolysis of EOLT used to replace
conventional thermal oil has a

in GHG emissions if the
replacement ratio is assumed to be
1:1, from 0.096 kg CO, eq to 0.004 kg
CO, eq respectively. However, the
used of pyrolysis derived products is
still relatively unknown and extra
processing may be required for the
thermal oil. This has not been
modelled and could reduce the benefit.

Scenario 7 — Diesel

Unprocessed thermal oil produced
from pyrolysis of EOLT used to blend
with conventional diesel has an
in GHG emissions of

for a 5% blend, for a 20%
blend and for a 65% blend.
However, the blended diesel is of a
reduced quality which may have other
impacts. Similar to Scenario 6,
additional processing may be required
that has not been modelled but may
reduce the benefit.



Key Findings (3/3)

Key findings from the detailed assessment of the 11 end market scenarios

revealed 9 scenarios demonstrated an overall reduction compared to the
conventional product.
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Scenario 8 — Sand in
concrete

Crumb rubber used to
replace 5% of the sand in a
concrete mix showed a

in GHG
emissions from 200 kg CO,
eq to 223 kg CO, eq
respectively. Note there
may be other benefits of
TDP compared to
conventional sand.

Scenario 9 — Gravel
in concrete

Rubber granules used to
replace 30% of the gravel in
a concrete mix showed a

in GHG
emissions from 200 kg CO,
eq to 231 kg CO, eq
respectively. Note there
may be other benefits of
TDP compared to
conventional gravel.

Scenario 10 —
Permeable pavements

Rubber granules used at
15% of an aggregate mix
for permeable pavements
showed a

in GHG
emissions compared to
conventional aggregate for
permeable pavements,
from 9 kg CO, eq to 10 kg
CO, eq respectively.

Scenario 11 — Cement
clinker

TDF used in the cement
clinker process showed a

in GHG
emissions compared to
bituminous coal, from
0.0019 kg CO, eq to 0.0963
kg CO, eq respectively.
This is the most substantial
saving of all the scenarios
assessed.
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This stage puts the detailed GHG results of Stage 2 into the
context of existing reporting and regulatory schemes.

Stag e 3 : Pro d ucer & These schemes may present an opportunity to market
: : the GHG benefits of EOLT/TDP and encourage the
Purchaser Considerations, uptake of these products.
O p p o rt un Itl esS & Producers and purchasers of EOLT/TDP will also benefit
I from understanding the regulatory benefits or hurdles for
Req uirem ents using these products.

Schemes may be either mandatory or voluntary, and
span emissions quantification and certification schemes,
reporting programs and initiatives, and standards and

. regulatory frameworks.

There is an opportunity to leverage carbon trading and
funding (e.g., government grants) mechanisms to realise
benefits in producing or purchasing EOLT & TDP

. products and pursue further development of these
products.
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Evaluation Criteria

The following criteria was used to evaluate how well each Criteria
scheme aligns to the strategic objectives of TSA and
industry members.

Robustness: Does the scheme require third-party
verification or is compliance to certification requirements
self-declared?

Uptake: Does the scheme demonstrate breadth and depth
of uptake by producers/purchasers at a national scale?
E.g., multiple large-scale organisations, or uptake across
multiple industries.

Impact: Is the reporting based on transparency in
reporting, or does it promote impact reduction initiatives?

Eligibility: Are producers/purchasers eligible to become
accredited against the scheme, and is it accessible to
acquire (e.g., applicable fees are reasonable).

Greater Outcome

Lesser Outcome




Criterion

Robustness Uptake Impact Eligibility

Summary of Schemes : % w | W[ %
0 PAY PAY PAY PAY

Recommendation for TSA action
GECA ecolabel

EPD
Environmental Labels

) ) TSA should consider developing sector-wide
ANZ EPD Climate Declaration

EPD. This encourages the use of TDP as a
product category, but also supports members
to develop their own EPDs. EPDs recognised

Climate Active

AfPA LCA Calculator for by a range of schemes including GECA,
Other tools and Asphalt Climate Active and the IS Rating Scheme.

schemes TSA can also develop an industry wide tool to

allow comparison of existing products with
TDP alternatives. The tool allows producers
to understand how to market their products
and gives purchasers confidence in the
products they buy.

IS Rating Scheme

Reporting and

certification Science Based Targets
schemes

Carbon Disclosure Project

ELils The voluntary reporting standards are more

relevant at the organisation and product level
and provides opportunity to educate TSA
members on how to position their TDP
products.

Voluntary reporting GHG Protocaol

Declare Product Labelling

GRI Standards

% %% ek % b 0% e %% b
o5 % X e e 3% % %% b
% %% % % b % % %3 % %
% X b % % % o % % 3% b %
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*Note additional information for these schemes is available in the detailed report.


https://geca.eco/
https://epd-australasia.com/?s=asphalt&post_type=epd
https://epd-australasia.com/climate-declarations/
https://www.climateactive.org.au/
https://www.start2see.com.au/afpa-lca-calculator-for-asphalt/
https://www.iscouncil.org/is-ratings/
https://sciencebasedtargets.org/
https://www.cdp.net/en
https://mecla.org.au/
https://ghgprotocol.org/
https://living-future.org/declare/
https://www.globalreporting.org/standards/
https://www.sasb.org/

Criterion

Robustness Uptake Impact Eligibility

Summary of Schemes : % w | W[ %
0 PAY PAY PAY PAY

Recommendation for TSA action

State-based and national N/A — mandatory
standards TSA should explore the need and potential
European Parliament PEF Y7 <% % 5l toleadthe development of state/territory-
Combliance Compulsory based or Australia-wide standards for
b : standards and ISO 14064-1 GHG specification iﬁ( ﬂ{ * jf( pyrolysis fuels to ensure quality of this new
considerations . . .
regulations stream and generate confidence in the new
NGER scheme N/A - mandatory market entrant to foster strong uptake by
IPCC Guidelines for National industry.
GHG Inventories AR
While TSA should not be providing
Carbon trading YCUs * ﬁ ﬁ * financial advice, TSA can provide some
mechanisms VERs 72( ﬁ( ﬁ( i’l’ general information on schemes relevant to
Fiscal - producers.

opportunities

TSA can proactively seek funding grants
that producers may be eligible for and use
their knowledge and resources to support
their applications.

N/A — consider eligibility
Funding mechanisms State-based grants and availability at time of
application

| Stage 3 — Considerations, Opportunities & Requirements
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*Note additional information for these schemes is available in the detailed report.


https://ec.europa.eu/environment/eussd/smgp/ef_pilots.htm
https://www.iso.org/standard/66453.html
http://www.cleanenergyregulator.gov.au/NGER
https://www.ipcc.ch/report/2019-refinement-to-the-2006-ipcc-guidelines-for-national-greenhouse-gas-inventories/
https://verra.org/project/vcs-program/verified-carbon-units-vcus/
https://www.goldstandard.org/articles/gold-standard-emission-reductions

Recommendations (1/2)

Based on the findings in this analysis, the following actions are recommendation to

accelerate and support the uptake of EOLT/TDP by industry and end-users.
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1.

Develop a to assist companies, which can include

Marginal Cost Curves, similar to the tool developed for a
local council (for roads and buildings). This will allow the
comparison of existing products in the markets with TDP
alternatives, to provide an indication of the GHG saving.

Develop a on selected TDPs using
input data from member companies. A verified sector-
wide EPD would help encourage the use of the TPD
compared to alternatives in the same category. It can
also be provided to TSA members who provided the input
data to allow development of their own specific EPDs.

Undertake a to assess the current
market capacity to collect & process EOLT, and
manufacture and produce TDP across Australia. This will
identify gaps in capacity, and/or areas of inefficiency to
be addressed.

4,

5.

Commission a of TDPs in typically
cementous applications, against new carbon neutral/ low
carbon concrete products, such as ECOPact — Low carbon
concrete by Holcim, to understand the GHG emissions and
cost comparison of these two alternatives to traditional
materials. This will proactively address queries from
producers/purchasers who may be considering emissions-
reducing initiatives, however, are unsure which alternatives
are most appropriate for their business activities.

Prioritising the EOLT/TDP applications with the largest
potential demand (e.g. crumb rubber), undertake a

of the EOLT/TDP life cycle, to calculate the
cost savings (and potentially, a different cost distribution
profile) of recycled content over virgin materials. This will allow
producers/purchasers to present a business case for
transitioning to EOLT/TDP and inform discussions with key
business stakeholders.


https://edgemanly.sharepoint.com/EdgeEnvironment/02.%20Delivery/FY21-22/CELT/CELT122%20-%20TSA%20-%20Tyre%20Climate%20Study/5%20Working%20docs/Stage%203%20-%20Evaluation/holcim.com.au/ecopact

Recommendations (2/2)

Based on the findings in this analysis, the following actions are recommendation to

accelerate and support the uptake of EOLT/TDP by industry and end-users.

N
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6.

Translate GHG emissions data into

to allow
industry and community to rapidly digest the benefits of
EOLT/TDP applications. This will accelerate the transition
to EOLT/TDP by mitigating effort required by
producers/purchasers to create buy-in from end-users.
This public-facing summary report forms part of this
recommendation.

Establish further with national and
international research institutions and circular economy
associations such as CSIRO, and the Victorian Circular
Activator, to understand future direction of pyrolysis
technology and potential application to new TDP
products in the energy and thermal use sectors.

Explore potential to to
create digital ledgers of EOLT/TDP outputs to establish
transparency of supply chain, product/ content and
guality, and contribute to improving the collection and
management of data in the circular economy in Australia.

9.

10.

Develop or commission for the internal TSA
team to educate them on the content of this project and its
outcomes, to improve their understanding and empower them
to communicate the outcomes to stakeholders.

Explore the need and potential for TSA to lead development of
state/territory-based or Australia-wide

to ensure quality of this new
stream, and confidence in the new entrant to the market to
foster strong uptake by industry. As TDP markets become
more established across Australia, the TSA should proactively
liaise with authorities across all markets (e.g. roads
authorities, EPA) to update regulations as necessary.


https://www.csiro.au/
https://www.circularactivator.com/

